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Description

Title of Invention: ENTRY SHEET FOR DRILLING

Technical Field
[0001]

The present invention relates to an entry sheet for drilling.

Background Art
[0002]

In a generally adopted method of drilling processing of a laminate or a
multilayer board for use as a printed wiring board material, one laminate or
multilayer board or a plurality of laminates or multilayer boards stacked are
provided, and on the uppermost surface thereof, a sheet as an entry board is
stacked which is a metal foil of aluminum or the like alone or includes such a
metal foil and a resin composition layer formed thereon (hereinafter, such a
sheet is usually referred to as "entry sheet for drilling", or also simply referred
to as "entry sheet"), followed by performing hole boring processing. A
"copper-clad laminate" is generally used as the laminate in many cases, but
a "laminate" with no copper foil on the outer layer thereof may also be used.
[0003]

In recent years, progress of high density, enhancement in productivity
and cost reduction, as well as enhancement in reliability has been demanded
of a laminate or a multilayer board as a printed wiring board material, and
there has also been demanded hole boring processing of high quality such

as enhancement in hole position accuracy. In response to such demands,
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for example, Patent Document 1 has proposed a method of hole boring
processing, in which a sheet including a water-soluble resin such as
polyethylene glycol is used. In addition, Patent Document 2 has proposed a
lubricant sheet for hole boring, in which a water-soluble resin layer is formed
on a metal foil. Furthermore, Patent Document 3 has proposed an entry
sheet for hole boring, in which a water-soluble resin layer is formed on an
aluminum foil with a thermosetting resin thin film formed thereon.

[0004]

Moreover, an entry sheet for hole boring in which a solid lubricant is
used has also been proposed. For example, Patent Document 4 has
proposed an auxiliary plate material for hole boring, in which the auxiliary
plate material includes a lubricant layer, a composite material including a
nanostructured powder (of tungsten disulfide or the like) and a solid, wear-
resistant lubricant layer that is a highly thermal conductive compound, and a
supporting agent. Patent Document 5 has proposed an entry sheet for hole
boring which has a water-soluble resin layer containing zinc molybdate and

molybdenum trioxide.
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Patent Document 5: International Publication No.W02012/091179
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Summary of Invention
Technical Problem
[0006]

Meanwhile, the printed wiring board technique more slowly progresses
than the semiconductor technique, and is detached from the semiconductor
technique. Therefore, there has been an increasingly highly demand for
progress of high density and enhancement in reliability on a printed wiring
board. For example, the minimum drill bit diameter in mass production is
shifting from 0.2 mme, through 0.18 mmeo and 0.15 mme, to 0.105 mme. In
addition, drilling of 0.08 mme, 0.075 mme, and 0.05 mmo is attempted in
some cases as competition with the laser-boring technique. Furthermore,
demands for enhancement in productivity and cost reduction know no limits,
due to competition by globalization and capturing of demands in emerging
countries. Accordingly, development of a novel entry sheet for drilling in
response to such demands is much needed.

[0007]

In processing by use of a conventional entry sheet for drilling, the heat
of friction between a drill bit and a laminate or a multilayer board melts a
resin composition including a water-soluble resin and the like around the drill
bit to thereby allow lubricity to be exhibited. As a side effect thereof,
however, the resin composition is molten or thermally deformed to thereby
cause the drill bit to be easily side slipped. Specifically, the tip of the drill bit
proceeds into a layer including the resin composition and searches a biting
point while being side slipped, and if the resin composition around the drill bit

is here soft, a centripetal force acting on the drill bit becomes weak to cause
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side slipping of the drill bit to be hardly stopped. Therefore, in processing by
use of a conventional entry sheet for drilling processing, there is a limit to
enhancement in hole position accuracy. Herein, the "centripetal force"
means an external stress that enhances centrality of the drill bit, and
examples of the centripetal force include a stress that acts against the
rotation center in rotation of the drill bit.
[0008]

In view of such circumstances, an object of the present invention is to
provide an entry sheet for drilling which is excellent in hole position accuracy
and enables to reduce drill bit breakage as compared with a conventional

entry sheet for drilling.

Solution to Problem
[0009]

The present inventors have made various studies in order to solve the
above problems, and as a result, have found that when tungsten disulfide is
blended as a solid lubricant in an amount within a specific range to a resin
composition included an entry sheet for drilling, centrality of a drill bit is
enhanced to thereby enhance hole position accuracy. The present
inventors have further found that the lubrication action of the tungsten
disulfide can increase lubricity to smoothly discharge a chip to thereby
prevent the chip from being formed into a lump and prevent drill bit breakage
due to contact of a lump-like chip with a drill bit, and also found that the
lubrication action of the tungsten disulfide results in enhancement in the life
of the drill bit. Thus, the present inventors have completed the present

invention. Herein, the "centrality”" refers to the ability to advance directly in
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the machining direction of the drill bit during machining. For example, at the
point where the drill bit is in contact with a layer including the resin
composition (hereinafter, also referred to as "resin composition layer".)
provided in the entry sheet for drilling, the cutting blade at the tip of the
rotating drill bit bites the surface of the resin composition layer while slipping
around. Here, an entry sheet whose lubricity is merely increased causes
the cutting blade at the tip of the drill bit to be easily side slipped, thereby
resulting in loss of centrality and deterioration in hole position accuracy.
[0010]

That is, the present invention is as follows.
(1) An entry sheet for drilling, comprising a metal foil, and a layer including a
resin composition and formed on at least one surface of the metal foil,
wherein

the resin composition includes a resin and tungsten disulfide as a solid
lubricant, and

a content of the tungsten disulfide included in the resin composition is
10 parts by mass to 200 parts by mass based on 100 parts by mass of the
resin included in the resin composition.
(2) The entry sheet for drilling according to (1), wherein the resin composition
further includes a solid lubricant that is different from the tungsten disulfide.
(3) The entry sheet for drilling according to (2), wherein the resin composition
includes graphite as the solid lubricant that is different from the tungsten
disulfide.
(4) The entry sheet for drilling according to any one of (1) to (3), wherein a

particle diameter at a maximum peak in a particle size distribution curve of
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the tungsten disulfide, measured with a laser diffraction particle size
distribution measurement apparatus, is 1 to 20 um.

(5) The entry sheet for drilling according to any one of (1) to (4), wherein the
layer including the resin composition has a thickness in the range from 0.02
to 0.3 mm.

(6) The entry sheet for drilling according to any one of (1) to (5), wherein the
resin composition includes a water-soluble resin (A).

(7) The entry sheet for drilling according to (6), wherein the water-soluble
resin (A) is one or more selected from the group consisting of polyethylene
oxide, polypropylene oxide, sodium polyacrylate, polyacrylic amide,
polyvinylpyrrolidone, a cellulose derivative, polytetramethylene glycol, a
polyester of polyalkylene glycol, polyethylene glycol, polypropylene glycol,
monoethers  of  polyoxyethylene, polyoxyethylene = monostearate,
polyoxyethylene sorbitan monostearate, polyglycerol monostearates, and a
polyoxyethylene-propylene copolymer.

(8) The entry sheet for drilling according to any one of (1) to (7), wherein the
resin composition includes a thermoplastic water-insoluble resin.

(9) The entry sheet for drilling according to (8), wherein the thermoplastic
water-insoluble resin is one or more selected from the group consisting of an
amide-based elastomer, a butadiene-based elastomer, an ester-based
elastomer, an olefin-based elastomer, a urethane-based elastomer, a
styrene-based elastomer, polybutene, low density polyethylene, chlorinated
polyethylene, a metallocene-based polyolefin resin, an ethylene/acrylic acid
ester/maleic anhydride copolymer, an ethylene/glycidyl (meth)acrylate
copolymer, an ethylene/vinyl acetate copolymerization resin, a modified-

ethylene/vinyl acetate copolymerization resin, an ethylene/(meth)acrylic acid
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copolymerization resin, an ionomer resin, and an ethylene/(meth)acrylic acid
ester copolymerization resin.

(10) The entry sheet for drilling according to any one of (1) to (9), wherein the
resin composition includes a water-insoluble lubricant that is not a solid
lubricant.

(11) The entry sheet for drilling according to (10), wherein the water-insoluble
lubricant that is not a solid lubricant is one or more selected from the group
consisting of an amide-based compound, a fatty acid-based compound, a
fatty acid ester-based compound, an aliphatic hydrocarbon-based compound
and a higher aliphatic alcohol.

(12) The entry sheet for drilling according to any one of (1) to (11), wherein
the metal foil has a thickness in the range from 0.05 to 0.5 mm.

(13) The entry sheet for drilling according to any one of (1) to (12),
comprising an adhesion layer in a form of a resin film between the metal foil
and the layer including the resin composition, and the resin film has a
thickness in the range from 0.002 to 0.02 mm.

(14) The entry sheet for drilling according to claim 13, wherein the resin film
includes 1 part by mass to 50 parts by mass of tungsten disulfide as a solid
lubricant based on 100 parts by mass of the resin included in the resin film.
(15) The entry sheet for drilling according to any one of (1) to (14), for use in
hole boring processing by a drill bit having a diameter of 0.30 mme or less.
(16) The entry sheet for drilling according to any one of (1) to (15), for use in

drilling processing of a laminated or a multilayer board.

Advantageous Effects of Invention

[0011]
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When using the entry sheet for drilling of the present invention, an
excellent lubricity of the resin composition layer including tungsten disulfide
can bring about an excellent hole position accuracy in hole boring processing
and a decrease in drill bit breakage in hole boring processing. As a result, a
higher density design can be achieved, and high-quality hole boring
processing excellent in productivity can also be achieved. Further, the life of
a drill bit can be extended, and also the number of sheets stacked and
subjected to hole boring processing at once, can be increased to thereby

afford enhancement in productivity and cost reduction.

Brief Description of Drawings

[0012]

[Figure 1] Figure 1 is a scanning electron micrograph (x5,000) illustrating one
example of tungsten disulfide.

[Figure 2] Figure 2 is a scanning electron micrograph (x5,000) illustrating one
example of molybdenum disulfide.

[Figure 3] Figure 3 is a scanning electron micrograph (x5,000) illustrating one
example of tungsten trioxide.

[Figure 4] Figure 4 is a scanning electron micrograph (x5,000) illustrating one
example of molybdenum trioxide.

[Figure 5] Figure 5 is a graph for comparison of hole position accuracy
between Examples and Comparative Examples (at 1500 hits).

[Figure 6] Figure 6 is a graph for comparison of hole position accuracy
between Examples and Comparative Examples (at 3000 hits).

[Figure 7] Figure 7 is a graph for comparison of hole position accuracy

between Examples and Comparative Examples (at 6000 hits).
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[Figure 8] Figure 8 is a graph for comparison of the amount of an entangled
resin around a drill bit between Examples and Comparative Examples (at
6000 hits).

[Figure 9] Figure 9 is a graph for comparison of the amount of wear at a drill
bit tip between Examples and Comparative Examples (at 6000 hits).

[Figure 10] Figure 10 is a schematic view for illustrating the centripetal force
of a drill bit.

[Figure 11] Figure 11 is a schematic view for illustrating the centripetal force

of a drill bit.

Description of Embodiments
[0013]

Hereinafter, an embodiment for carrying out the present invention
(hereinafter, simply referred to as "the present embodiment".) will be
described, if necessary, with reference to the drawings, but the present
invention is not limited to the following present embodiment. The present
invention can be variously modified without departing the scope thereof.
Herein, the same element is represented by the same reference sign in the
drawings, and redundant description is omitted. In addition, the positional
relationships of the top and bottom, the left and right, and the like are based
on the positional relationship illustrated in the drawings, unless otherwise
noted. Furthermore, the dimension ratio in the drawings is not limited to the
ratio illustrated in the drawings. Herein, the "(meth)acrylic" means "acrylic"
and "methacrylic" corresponding thereto, and the "(meth)acrylate”™ means
"acrylate" and "methacrylate" corresponding thereto.

[0014]
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An entry sheet for drilling of the present embodiment (hereinafter, also
simply referred to as "entry sheet".) includes a metal foil, and a layer
including a resin composition (hereinafter, also referred to as "resin
composition layer".) and formed on at least one surface of the metal foil. In
the entry sheet of the present embodiment, the resin composition includes a
resin and tungsten disulfide as a solid lubricant, and the content of the
tungsten disulfide included in the resin composition is 10 parts by mass to
200 parts by mass based on 100 parts by mass of the resin in the resin
composition.

[0015]

First, elements forming the entry sheet for driling of the present
embodiment will be described. In the present embodiment, the solid
lubricant is a solid that is used in the form of a thin film or a powder in order
to decrease the drill bit-wearing speed and reduce heat generation due to
friction in hole boring processing. The solid lubricant preferably has a
melting point of 300°C or higher, and if so, it can be thermally stable and be
hardly molten to keep in the solid state even in air at a temperature (for
example, 200°C) that is higher than the use temperature of the entry sheet in
hole boring processing. Herein, the temperature of the entry sheet when
used in hole boring processing varies depending on a subject to be
processed, and is preferably 100°C or higher and less than 200°C.

[0016]

In the present embodiment, the resin composition essentially includes
tungsten disulfide as the solid lubricant. Tungsten disulfide is a soft mineral
next to talc having a Mohs hardness of 1 to 1.5, and is a solid lubricant that is

not molten even at a high temperature and that is stable to 450°C in the

10



10

15

20

25

atmosphere. Tungsten disulfide is higher in oxidation temperature by about
100°C than molybdenum disulfide that can be similarly used as the solid
lubricant and thus has higher heat resistance and pressure resistance. In
addition, tungsten disulfide is also low in friction coefficient (u), and is
characterized by a stable friction coefficient without being affected by the
humidity, in particular, in the temperature region of 100°C or higher and less
than 200°C. Furthermore, tungsten disulfide is low in aggregation property
when dispersed in the resin composition, and has better dispersibility in the
resin composition than that of molybdenum disulfide.

[0017]

In general, tungsten disulfide includes, as impurities, sulfur and metal
tungsten that are unreacted substances in production. In the present
embodiment, the tungsten disulfide preferably has a purity of 856% by mass or
more, more preferably 90% by mass or more, particularly preferably 95% by
mass or more. Herein, the upper limit of the tungsten disulfide purity is not
particularly limited, and may be 100% by mass or 99% by mass. When the
tungsten disulfide has a purity of 85% by mass or more, it can more
effectively exhibit performance as the solid lubricant. Examples of a
commercially available product of such tungsten disulfide include Tungmic A,
B (trade name) produced by Japanese Lubricant Ltd.. The tungsten
disulfide purity is measured according to a subtracting method. That is, the
numerical value obtained by subtracting the mass of impurities included in
tungsten disulfide, such as sulfur and metal tungsten, from the total mass is
defined as the tungsten disulfide purity. Herein, examples of other method
for measuring tungsten disulfide purity include ICP (Inductively Coupled

Plasma) mass spectrometry.
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[0018]

The resin composition according to the present embodiment includes
10 parts by mass to 200 parts by mass of the tungsten disulfide based on
100 parts by mass of the resin included in the resin composition. The
content of the tungsten disulfide is preferably 10 parts by mass to 150 parts
by mass, more preferably 10 parts by mass to 100 parts by mass, based on
100 parts by mass of the resin. When the content of the tungsten disulfide
is 10 parts by mass or more, the lubrication effect and the effect of enhancing
centrality of a drill bit can be more efficiently and certainly exerted. In
addition, when the content of the tungsten disulfide is 200 parts by mass or
less, aggregation of the tungsten disulfide in the resin composition can be
suppressed to result in enhancement in centrality of a drill bit to thereby
achieve excellent hole position accuracy, and also there is an advantage in
economic rationality.

[0019]

In the present embodiment, the tungsten disulfide is preferably present
in the state of being dispersed in the resin composition. The average
particle diameter of the tungsten disulfide in the resin composition is
preferably 1 um to 20 um, more preferably 1 um to 15 um, further preferably
1 um to 10 um, particularly preferably 3 um to 8 um. Tungsten disulfide
having an average particle diameter of 1 um to 20 um is a solid having a
proper volume and a proper hardness, and therefore can further sufficiently
exhibit a feature as a lubricant, namely, a layered structure. When the
average particle diameter is 1 um or more, the feature as a lubricant, namely,
a layered structure can be more sufficiently exhibited, and such a case is

thus preferable. In addition, when the average particle diameter is 20 um or

12
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less, hole position accuracy can be further increased and also a chip can be
more favorably discharged.
[0020]

The average particle diameter of the tungsten disulfide in the present
embodiment is measured as follows. The soluble fraction included in the
resin composition forming the entry sheet for drilling of the present
embodiment is dissolved in warm water and/or a solvent at 60°C or higher.
Next, the resulting solution of the resin composition is filtered and washed,
and a liquid component is sufficiently evaporated and removed to collect a
solid included in the resin composition. The resulting solid is dispersed in a
solution including a 0.2% hexametaphosphoric acid solution and several
droplets of 10% triton, and the maximum length of each tungsten disulfide
particle projected is measured with a laser diffraction particle size distribution
measurement apparatus (model number: SALD-2100, manufactured by
Shimadzu Corporation). Next, the particle size distribution curve (based on
the number of particles) is created from the measurement results. The
range from the minimum value (minimum particle diameter) to the maximum
value (maximum particle diameter) shown in the curve is defined as the
range of the particle diameter of the tungsten disulfide, and the particle
diameter at the maximum peak in the particle size distribution curve (the
particle diameter at which the tungsten disulfide is most present based on the
number of particles) is defined as the average patrticle diameter.

[0021]

Herein, the average particle diameter is more important than the

maximum particle diameter, with respect to the particle diameter of the

tungsten disulfide. The reason is because the particle diameter of the
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tungsten disulfide included in the resin composition in a high content has
greater influences on hole position accuracy and lubricity that are
characteristics of the entry sheet for drilling. Therefore, it is important for
enhancement in performance of the entry sheet for drilling of the present
embodiment to manage the average particle diameter of the tungsten
disulfide.

[0022]

As described above, the entry sheet for driling of the present
embodiment includes a layer including the resin composition that contains
the tungsten disulfide as the solid lubricant, in which the content of the
tungsten disulfide in the resin composition is in the specific range, and
therefore the entry sheet is excellent in hole position accuracy as compared
with a conventional entry sheet for drilling. Additionally, the entry sheet for
drilling of the present embodiment is also excellent in suppression of drill bit
breakage and in life of a drill bit.

[0023]

Figures 10 and 11 are views schematically illustrating a state where a
drill bit proceeds into the entry sheet in drilling, and a water-soluble resin (A)
in the form of a crystal designated as symbol B is used as the resin. Figure
10 illustrates a case where the resin composition includes no solid lubricant
and Figure 11 illustrates a case where the resin composition includes
tungsten disulfide as a solid lubricant. When the resin composition is one
including the water-soluble resin (A) B but including no solid lubricant, as
illustrated in Figure 10, the tip of a drill bit A searches a biting point while
proceeding into the resin composition layer and side slipping therein. The

resin composition around the drill bit A is soft, and therefore a centripetal
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force D acting on the drill bit A is weaker to hardly stop side slipping of the
drill bit A. Therefore, there is a limit on enhancement in hole position
accuracy. The present inventors then have found that tungsten disulfide is
blended as a solid lubricant and that the amount thereof to be blended is
optimized.

[0024]

Hereinafter, main functions and effects of the entry sheet for drilling of
the present embodiment will be described, but the functions and effects of
the entry sheet are not limited to the following.

Primarily, tungsten disulfide has a proper hardness. It is then a
voluminous solid lubricant, namely, is maintained in the solid state where the
shape thereof is secured, even at a use temperature in drilling processing,
and the position thereof is also easily secured. As a result, in hole boring
processing by use of the entry sheet for drilling processing of the present
embodiment, when a resin composition including the water-soluble resin (A)
B includes tungsten disulfide E as a solid lubricant, as illustrated in Figure 11,
the tip of the drill bit A proceeding into the resin composition layer bites the
tungsten disulfide E that is a solid lubricant whose shape and position are
secured. Thus, centrality is improved to increase the centripetal force D,
and the hole position accuracy, in particular at cumulative 3,000 hits from the
initial stage, is excellent as compared with that in hole boring processing by
use of a conventional entry sheet for drilling.

[0025]

Secondly, the tungsten disulfide E suppresses thermal deformation of

the resin composition and side slipping of the drill bit A.  Thus, the drill bit A

can achieve a sufficient centripetal force D, and is excellent in hole position
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accuracy even at cumulative 6,000 hits where wearing of the drill bit
progresses.
[0026]

Thirdly, the tungsten disulfide E is attached to a groove of the drill bit A,
and the lubrication action thereof can smoothly discharge a chip. As a result,
a chip generated by hole boring processing can be inhibited from being
formed into a lump to thereby prevent drill bit breakage due to contact of the
drill bit A with a lump-like chip.

[0027]

Fourthly, the tungsten disulfide E is attached to the surface and the
groove of the drill bit A, as well as a hole wall of a subject to be bored (for
example, a printed wiring board material such as a laminate or a multilayer
board), and is present all the time between the subject to be bored and the
drill bit A to enhance lubricity. As a result, when the entry sheet of the
present embodiment is used, wearing of the drill bit A is suppressed and an
excellent life of a drill bit is achieved.

[0028]

The functions and effects of the entry sheet by use of the above
tungsten disulfide are excellent as compared to those of an entry sheet using
molybdenum disulfide, zinc molybdate or molybdenum trioxide in a
conventional art. As a result, the entry sheet for drilling by use of the
tungsten disulfide as a solid lubricant, of the present embodiment, is
remarkably excellent in hole position accuracy and life of a drill bit as
compared to a conventional entry sheet for drilling by use of molybdenum
disulfide, zinc molybdate or molybdenum trioxide as a solid lubricant.

[0029]

16
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Furthermore, the tungsten disulfide is non-swellable. Therefore, it is
not required to be critically managed with respect to the degree of moisture
retention like a swellable solid lubricant such as synthetic mica or clay, which
is industrially convenient. The definition of non-swellability will be here
described. A aqueous solution in which a 10 parts by mass of a solid
lubricant is blended in 90 parts by mass of water is received in a vessel
having a certain inner diameter in the height direction and having a flat inner
bottom surface, such as a beaker or a flask, and is stirred until sufficient
mixing is achieved. Thereafter, the solution is left to stand for 1 hour, the
settling height of the solid lubricant is then measured, and a case where the
settling height ratio (the ratio of the height from the inner bottom surface of
the vessel to the upper surface of the solid lubricant settled to the height from
the inner bottom surface of the vessel to the liquid level of the aqueous
solution) is less than 50% is defined as non-swelling. Herein, a case where
the settling height ratio is 90% or more is defined as dispersing or swelling,
and a case where the settling height ratio is 50% or more and less than 90%
is defined as swelling. In an example of the tungsten disulfide for use in the
present embodiment, the height from the inner bottom surface to the liquid
level is 60 mm, the height from the inner bottom surface to the upper surface
of the tungsten disulfide settled is 22 mm, the settling height ratio is 36.7%,
and clear separation to two layers is observed.

[0030]

Such characteristics serve as the following advantages: when the
tungsten disulfide is dispersed in a solution of a resin composition described
later, it is easily uniformly dispersed and hardly aggregated. As a result, the

tungsten disulfide can be favorably dispersed also in the entire entry sheet to
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be obtained. In addition, the tungsten disulfide hardly remains in a hole in
washing after hole boring processing. The tungsten disulfide, however, is
preferably subjected to sufficient stirring so as not to generate the
concentration gradient of the tungsten disulfide when dispersed in the
solution of the resin composition.

[0031]

The resin included in the resin composition in the present embodiment
is preferably a water-soluble resin (A). The water-soluble resin (A)
encompasses not only a water-soluble resin described below but also a
water-soluble lubricant that is not a solid lubricant. Herein, the lubricant
“that is not a solid lubricant” encompasses a liquid lubricant and a semi-solid
lubricant.

[0032]

The water-soluble resin is not particularly limited, and for example, is
preferably one or more selected from the group consisting of polyethylene
oxide; polypropylene oxide; sodium polyacrylate; polyacrylic amide;
polyvinylpyrrolidone; a cellulose derivative; polytetramethylene glycol; and a
polyester of polyalkylene glycol. The polyester of polyalkylene glycol refers
to a condensate obtained by reacting a polyalkylene glycol with a dibasic acid.
Examples of the polyalkylene glycol can include polyethylene glycol,
polypropylene glycol and polytetramethylene glycol, and glycols exemplified
by copolymerized products thereof. Examples of the dibasic acid include
partial esters of polyvalent carboxylic acids such as phthalic acid, isophthalic
acid, terephthalic acid, sebacic acid and pyromellitic acid, and acid
anhydrides thereof. These are used singly or in combinations of two or

more.
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[0033]

The kind of the water-soluble lubricant that is not a solid lubricant is not
particularly limited, and examples thereof include polyethylene glycol,
polypropylene glycol; monoethers of polyoxyethylenes, exemplified by
polyoxyethylene oleyl ether, polyoxyethylene cetyl ether, polyoxyethylene
stearyl ether, polyoxyethylene lauryl ether, polyoxyethylene nonyl phenyl
ether and polyoxyethylene octyl phenyl ether; polyoxyethylene monostearate;
polyoxyethylene sorbitan monostearate; polyglycerol monostearates
exemplified by hexaglycerol monostearate and decaglycerol monostearate;
and a polyoxyethylene-propylene copolymer. These can be used singly or
as an appropriate mixture of two or more.

[0034]

Among them, the water-soluble resin is preferably polyethylene oxide
and the water-soluble lubricant that is not a solid lubricant is preferably
polyethylene glycol, from the viewpoint of more effectively and certainly
achieving the object of the present invention.

[0035]

The resin composition preferably includes a thermoplastic water-
insoluble resin. The resin composition includes a thermoplastic water-
insoluble resin to thereby allow the resin composition layer to be hard and
allow the position of the tungsten disulfide in the resin composition layer to be
further easily retained. As a result, the effect of enhancement in hole
position accuracy due to enhancement in centrality and the effect of
enhancement in lubricity, which are the effects of the present invention, are
more effectively and certainly exerted.

[0036]
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A resin other than the water-soluble resin (A) includes the
thermoplastic water-insoluble resin as described above, the kind thereof is
not particularly limited, and a known resin can be used therefor. Examples
of the thermoplastic water-insoluble resin include an amide-based elastomer,
a butadiene-based elastomer, an ester-based elastomer, an olefin-based
elastomer, a urethane-based elastomer, a styrene-based elastomer,
polybutene, a low density polyethylene, a chlorinated polyethylene, a
metallocene-based polyolefin resin, an ethylene/acrylic acid ester/maleic
anhydride copolymer, an ethylene/glycidyl (meth)acrylate copolymer, an
ethylene/vinyl acetate copolymerization resin, a modified-ethylene/vinyl
acetate  copolymerization resin, an ethylene/(meth)acrylic  acid
copolymerization resin, an ionomer resin, and an ethylene/(meth)acrylic acid
ester copolymerization resin. The thermoplastic water-insoluble resin is
used singly or in combinations of two or more, and may be used in
combination with the water-soluble resin (A).

[0037]

Herein, the "water-insoluble" means that the solubility in water at room
temperature is 10 mg/dm® or less. In other words, the "water-soluble"
herein means that the solubility in water at room temperature is more than 10
mg/dm?.

[0038]

The resin composition in the present embodiment is not particularly
limited provided that it includes the resin and a predetermined amount of the
tungsten disulfide, and may include at least one selected from a solid
lubricant different from the tungsten disulfide and a water-insoluble lubricant

that is not a solid lubricant.

20



10

15

20

25

[0039]

The resin composition in the present embodiment contains the
tungsten disulfide as a solid lubricant, but preferably also include a solid
lubricant other than the tungsten disulfide from the viewpoints of hole position
accuracy (in particular, hole position accuracy at a high number of hits),
suppression of winding of the resin to a drill bit, and reduction in wearing of a
drill bit tip. Examples of the solid lubricant other than the tungsten disulfide
include graphite, molybdenum disulfide and molybdenum trioxide. Graphite
and molybdenum disulfide are preferable and graphite is more preferable
from the same viewpoints as described above. Graphite having a purity of
95% or more or having a particle diameter of 30 um or less is further
preferable. These are used singly or in combinations of two or more.

[0040]

When the resin composition includes the tungsten disulfide and the
solid lubricant other than the tungsten disulfide, the content ratio of the
tungsten disulfide to the solid lubricant other than the tungsten disulfide
(tungsten disulfide : solid lubricant other than tungsten disulfide) is preferably
10 : 90 to 90 : 10, more preferably 20 : 80 to 80 : 20 on a mass ratio. When
the content ratio is within the above range, the hole position accuracy (in
particular, hole position accuracy at a high number of hits) becomes more
excellent and further winding of the resin to a drill bit can be suppressed to
more reduce wearing of a drill bit tip.

[0041]

The kind of the water-insoluble lubricant that is not a solid lubricant is

also not particularly limited, and a known substance can be used. Examples

of such a water-insoluble lubricant include amide-based compounds
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exemplified by ethylene bis stearamide, oleic amide, stearic amide and
methylene bis stearamide, fatty acid-based compounds exemplified by lauric
acid, stearic acid, palmitic acid and oleic acid, fatty acid ester-based
compounds exemplified by butyl stearate, butyl oleate and glycol laurate,
aliphatic hydrocarbon-based compounds exemplified by liquid paraffin and
polyethylene wax, and higher aliphatic alcohols exempilified by oleic alcohol.
These are used singly or in combinations of two or more. When the resin
composition includes the water-insoluble lubricant that is not a solid lubricant,
the resin composition layer becomes harder to thereby allow the position of
the tungsten disulfide in the resin composition layer to be further easily
retained. As a result, the effect of enhancement in hole position accuracy
due to enhancement in centrality and the effect of enhancement in lubricity,
which are the effects of the present invention, are more effectively and
certainly exerted.

[0042]

The water-soluble resin, the water-soluble lubricant that is not a solid
lubricant, the thermoplastic water-insoluble resin, and the water-insoluble
lubricant that is not a solid lubricant, which can be included in the above resin
composition, play not only the original roles in reducing friction and reducing
drill wearing in hole boring processing due to lubricity, but also the role of a
carrier that carries the tungsten disulfide to a drill bit and a printed wiring
board material.

[0043]

The thickness of the resin composition layer in the present

embodiment is appropriately selected by the diameter of a drill bit for use in

drilling processing and the configuration of a subject to be bored (a printed
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wiring board material such as a laminate or a multilayer board) processed.
The thickness of the resin composition layer is preferably in the range from
0.02 to 0.3 mm, more preferably in the range from 0.02 to 0.2 mm. When
the thickness of the resin composition layer can be 0.02 mm or more, a
higher lubrication effect can be exhibited to decrease the load to a drill bit,
resulting in further suppression of drill bit breakage. In addition, the
thickness of the resin composition layer can be 0.3 mm or less to result in
suppression of winding of the resin composition to a drill bit.

[0044]

The resin composition in the present embodiment can include, if
necessary, additive(s) other than the above as long as the object of the
present invention is not inhibited from being achieved. Examples of the
additive(s), but the kind(s) thereof being not particularly limited, include a
surface conditioner, a leveling agent, an antistatic agent, an emulsifier, a
defoamer, a wax additive, a coupling agent, a rheology controlling agent, a
preservative agent, an antifungal agent, an antioxidant, a light stabilizer, a
nucleating agent, an organic filler, an inorganic filler, a heat stabilizer and a
colorant.

[0045]

The metal foil for use in the entry sheet for drilling of the present
embodiment is not particularly limited, and is preferably a metal material that
is high in adhesiveness to the resin composition layer and that can withstand
impact by a drill bit. Examples of the metal species of the metal foil include
aluminum in terms of availability, cost and processability. The material of an
aluminum foil is preferably aluminum having a purity of 95% or more, and

examples of such an aluminum foil include 5052, 3004, 3003, 1N30, 1N99,
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1050, 1070, 1085 and 8021 prescribed in JIS-H4160. An aluminum foil
having an aluminum purity of 95% or more can be used for the metal foil to
thereby alleviate impact by a drill bit and enhance biting property to the tip
portion of a drill bit, resulting in a further increase in hole position accuracy of
a processing hole in combination with the lubrication effect of a drill bit by the
resin composition.

[0046]

The thickness of the metal foil is preferably 0.05 to 0.5 mm, more
preferably 0.05 to 0.3 mm. When the thickness of the metal foil is 0.05 mm
or more, the occurrence of burr on a subject to be bored (for example, a
laminate) in drilling processing can be suppressed. In addition, when the
thickness of the metal foil is 0.5 mm or less, a chip generated in drilling
processing is easily discharged.

[0047]

A metal foil on whose surface a resin film that functions as an
adhesion layer is formed in advance is preferably used in terms of
adhesiveness to the resin composition layer. Thus, the entry sheet can
have an adhesion layer, which is a resin film, between the metal foil and the
resin composition layer. The thickness of the resin film is preferably 0.002
to 0.02 mm, more preferably 0.002 to 0.01 mm in terms of adhesiveness,
cost and hole boring property. The resin for use in the resin film is not
particularly limited as long as it can enhance adhesiveness to the resin
composition layer, and it may be any of a thermoplastic resin and a
thermosetting resin or may be an adhesive resin. Examples of the
thermoplastic resin include a urethane-based polymer, a vinyl acetate-based

polymer, a vinyl chloride-based polymer, a polyester-based polymer and an
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acrylic-based polymer, and copolymers thereof. Examples of the
thermosetting resin include an epoxy-based resin and a cyanate-based resin.
Examples of the adhesive resin include, in addition to the above resins,
synthetic resins such as a melamine resin, a urea resin and a phenol resin,
and synthetic rubbers such as a chloroprene rubber, a nitrile rubber, a
styrene butadiene rubber and a silicone rubber. These are used singly or in
combinations of two or more.

[0048]

In the present embodiment, the resin film can also contain tungsten
disulfide as a solid lubricant. When the resin film also contains tungsten
disulfide, hole position accuracy can be further enhanced. The content of
the tungsten disulfide in the resin film is preferably 1 part by mass to 50 parts
by mass, more preferably 5 parts by mass to 30 parts by mass based on 100
parts by mass of the resin in the resin composition forming the resin fiim.
When the content of the tungsten disulfide is 1 part by mass or more, the
lubrication effect and centrality of a drill bit are enhanced. In addition, when
the content of the tungsten disulfide is less than 50 parts by mass,
adhesiveness of the metal foil to the resin composition layer is more sufficient.
As the resin of the resin composition forming the resin film to which the
tungsten disulfide is added, the thermosetting resin, the thermoplastic resin
or the adhesion resin can be used. When the tungsten disulfide as a solid
lubricant is added to the resin film, the thickness of the resin film may be
appropriately selected depending on the particle diameter of the tungsten
disulfide.

[0049]
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The thicknesses of respective layers forming the entry sheet of the
present embodiment are measured as follows. First, the entry sheet is cut
in the lamination direction of the respective layers by use of a cross-section
polisher (manufactured by JEOL Ltd., trade name "CROSS-SECTION
POLISHER SM-09010") or an ultramicrotome (manufactured by Leica
Camera AG, item number: "EM UC7"). Thereafter, a cross section that
appears by cutting is observed in the direction perpendicular to the cross
section by use of SEM (Scanning Electron Microscope, manufactured by
KEYENCE Corporation, item number: "VE-7800"), and the thicknesses of the
respective layers, such as the metal foil, the resin film and the resin
composition layer, are measured. The respective thicknesses are
measured at 5 points per view of field, and the averages thereof are defined
as the thicknesses of the respective layers.

[0050]

The entry sheet for drilling of the present embodiment is preferably
used in drilling processing of a laminate or a multilayer board because the
object of the present invention is more effectively and certainly exerted. In
addition, such drilling processing can be drilling processing by a drill bit
having a diameter (drill bit diameter) of 0.30 mme or less, to thereby allow
the object of the present invention to be further effectively and certainly
exerted. In particular, a small-diameter drill bit application in which the
diameter is 0.05 mme or more and 0.30 mme or less, or furthermore 0.05
mme or more and 0.20 mme or less where hole position accuracy is
important is suitable from the viewpoint of significant enhancements in hole
position accuracy and life of a drill bit. Herein, a drill bit diameter of 0.05

mmg is the lower limit diameter of an available drill bit, and the diameter is
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not limited to the range mentioned above if a smaller-diameter drill bit would
be available. In addition, there is no problem even if the entry sheet of the
present embodiment is adopted for drilling processing in which a drill bit
having a diameter of more than 0.30 mmg is used.

[0051]

Hereinafter, a method for producing the entry sheet for drilling of the
present embodiment will be described. The method for producing the entry
sheet for drilling of the present embodiment is not particularly limited, and for
example, the entry sheet can be produced as follows.

[0052]

First, a resin composition layer is formed on at least one surface of a
metal foil. The method therefor includes a method including directly or
indirectly coating the metal foil with a thermally molten product obtained by
appropriately melting a resin composition, or a liquid in which the product is
dissolved or dispersed in a solvent (hereinafter, simply referred to as "resin
composition solution".) by a method such as a coating method, and
furthermore drying, and/or cooling and solidifying the resultant. Alternatively,
a hot melt method including producing a sheet including a resin composition
in advance and bonding the sheet to the metal foil may also be adopted.
Here, it is preferable for laminating and integrating the metal foil and the resin
composition layer to form a resin film on a surface of the metal foil in advance,
the surface corresponding to a surface on which the resin composition layer
is to be formed.

[0053]
When the metal foil is coated with the resin composition solution by a

coating method or the like and dried, the resin composition solution is
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preferably a solution containing a mixed solvent of water and a solvent
having a boiling point lower than that of water. The mixed solvent of water
and a solvent having a boiling point lower than that of water is used to
thereby result in production of a dense spherocrystal and reduction of air
bubbles remaining in the resin composition layer. The solvent having a
boiling point lower than that of water is not particularly limited in terms of the
kind thereof, examples thereof include alcohols such as ethanol, methanol
and isopropyl alcohol, and a low boiling point solvent such as methyl ethyl
ketone or acetone can also be used therefor. As other solvent, a solvent in
which tetrahydrofuran or acetonitrile that is high in compatibility with the resin
composition is partially mixed with water or alcohols can be used. When the
mixed solvent of water and the solvent having a boiling point lower than that
of water is used, the mixing ratio thereof (water/low boiling point solvent) is
preferably in the range from 90/10 to 50/50, more preferably in the range
from 80/20 to 50/50, further preferably in the range from 70/30 to 50/50,
particularly preferably in the range from 60/40 to 50/50 on a mass basis.
When the mixing ratio of the solvent having a boiling point lower than that of
water is 10 or more, a dense spherocrystal is more easily produced in use of
the water-soluble resin (A). The mixing ratio of the solvent having a boiling
point lower than that of water can be 50 or less to thereby allow the entry
sheet to be industrially and more stably produced.
[0054]

When the method is adopted which includes coating the metal foil with
the resin composition solution or the thermally molten product by a coating
method or a hot melt method, and heating and drying, and cooling and

solidifying the resultant, the temperature of the entry sheet for drilling in
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heating and drying is preferably 120°C to 160°C, the temperature in cooling
and solidifying is preferably an ordinary temperature, and cooling to an
ordinary temperature (for example, 30°C or lower) is preferably performed
within 5 to 30 seconds. When the temperature in heating and drying is
160°C or lower, the entry sheet can be industrially and more stably produced.
In addition, the cooling temperature can be an ordinary temperature to
thereby inhibit dew drops from being generated in a subsequent step.

[0055]

The method for dispersing the tungsten disulfide as a solid lubricant in
the resin composition layer is not particularly limited. For example, the
tungsten disulfide can be uniformly dispersed in the resin composition by a
high shear force and a high speed rotation by use of a dissolver, a planetary
mixer or a butterfly mixer to thereby highly disperse the tungsten disulfide in
the resin composition layer that is formed from the resin composition.

[0056]

The entry sheet for drilling of the present embodiment can be suitably
used in drilling processing of, for example, a printed wiring board material,
more specifically, a laminate or a multilayer board. Specifically, the entry
sheet for drilling is arranged on at least the uppermost surface of a stack
(printed wiring board material), where one or more laminates or multilayer
boards are stacked, so that the metal foil is in contact with the printed wiring
board material, and drilling processing can be performed from the upper
surface of the entry sheet (surface of the resin composition layer).

[0057]
The entry sheet for drilling of the present embodiment can allow drill bit

breakage in hole boring processing to be reduced by an excellent hole
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position accuracy in hole boring processing and an excellent lubricity of the
resin composition layer. More particularly, an excellent lubricity of the resin
composition layer including the tungsten disulfide can impart an excellent
hole position accuracy in hole boring processing and reduce the load to a drill
bit in hole boring processing, resulting in reduction of drill bit breakage. As a
result, a higher density design is possible and high-reliable (high-quality) hole
boring processing excellent in productivity is possible. Alternatively, the life
of a drill bit is longer and also the number of sheets stacked, subjected to
hole boring processing at once, can be increased to thereby afford
enhancement in productivity and cost reduction.
[0058]

The embodiment for carrying out the present invention is described
above, but the present invention is not limited to the above embodiment.
The present invention can be variously modified without departing from the

scope thereof.

Examples
[0059]

Hereinafter, the effect of the present invention will be described with
respect to Examples as compared with Comparative Examples which are out
of the scope of the present invention, but the present invention is not limited
to these Examples. Herein, "tungsten disulfide" may be abbreviated as
"WS2", "molybdenum disulfide" may be abbreviated as "MoS2", "graphite"
may be abbreviated as "C", "tungsten oxide" may be abbreviated as "WQO3",
and "molybdenum oxide" may be abbreviated as "MoO3".

[0060]
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Table 1 shows the specifications of raw materials such as resin
compositions, solid lubricants and metal foils for use in production of entry
sheets for drilling of Examples and Comparative Examples. In addition,
Table 2 shows the specifications of drill bits, laminates and entry boards for
use in drilling processing of Examples and Comparative Examples.

[0061]
[Table 1]
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Classification | Symbol Trade name Manufacturer Note
Polethylene |  Altop | Meisei Chemical |0 Parts by mass based on 100
oxide MG150 Works Ltd parts by mass of resin
Resin A ' composition
i
compositen Polyethylene PEG Sanyo Chemical 70 parts by mass based on 100
glycol 20000 Industries, Ltd parts by mass of resin
e composition
B Not added -
c Tungsten ) Japanese Average particle diameter 2
disulfide Lubricant Lid. um, Purity 98%
Particle diameter 0.5-29 um
Molybdenum . . Average particle diameter 5
D disulfide Daizo Corporation um, Purity 98%,
Layered structure
Solid . -
A ; : lto Graphite Co., | Average particle diameter 10
lubricant E Graphite X0 Ltd. um, Purity 98%, Scale-shaped
F Tungsten i Nippon Tungsten | Average particle diameter 12
trioxide Co., Ltd. um, Purity 99.9%
Nippon Inorganic Purity 0.7 um-55 pum,
G Motlzggggum Colour & Chemical | Average particle diameter 16
Co., Ltd. um, Columnar structure
Mitsubishi Gas
- Sodium formate - Chemical
Company, Inc.
Additive
Surface BYK-349 BYK Japan .
conditioner
lon exchange i
water
Solvent Mitsubishi Gas
- Methyl alcohol Chemical -
Company, Inc.
. High-purity JIS-A1 Mitsubishi - 0
Metal foil aluminum foil | N3OH18 | Aluminum Co,, Ltg.|  O10 ™Mt Purity: 99.3%
[0062]
[Table 2]
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Condition Trade name Manufacturer
Drill bit 0.2 mme C-CFU020S | Tungaloy Corporation
Thickness: 0.2 mm, Mitsubishi Gas
Laminate | Copper foil thickness: 12 um, HL832 Chemical Company,
Double-faced plate inc.
Backup board Thickness: 1.5 mm PS1160G Risho Kogyo Co., Ltd.
[0063]

<Example 1>

Thirty parts by mass of polyethylene oxide having a weight average
molecular weight of 150,000 (produced by Meisei Chemical Works Ltd., trade
name: Altop MG-150) and 70 parts by mass of polyethylene glycol having a
weight average molecular weight of 20,000 (produced by Sanyo Chemical
Industries, Ltd., trade name: PEG20000) were dissolved in a mixed solution
of water/MeOH (methanol) so that the resin concentration was 30% by mass,
to provide a water-soluble resin solution. The ratio of water to MeOH was
here a mass ratio of 60/40. Furthermore, 10 parts by mass of tungsten
disulfide (produced by Japanese Lubricant Ltd., average particle diameter: 2
um, purity: 98%) was added as a solid lubricant to the water-soluble resin
solution based on 100 parts by mass of the resin in the water-soluble resin
solution, and sufficiently dispersed to provide a resin composition solution.
With the resin composition solution was coated a surface of an aluminum foil
(item number of aluminum foil used: 1N30, thickness: 0.1 mm, produced by
Mitsubishi Aluminum Co., Ltd.) with an epoxy resin film having a thickness of
0.01 mm formed on one surface thereof, where the surface of the aluminum
foil corresponded to the resin film surface, by use of a bar coater so that the

thickness of a resin composition layer after drying was 0.05 mm, and the

33



10

15

20

25

resultant was dried by a drier at 120°C for 5 minutes and thereafter cooled to
an ordinary temperature to thereby produce an entry sheet for drilling.
Herein, a scanning electron micrograph (magnification: 5000x) of a part of
the tungsten disulfide used in the present Example is illustrated in Figure 1.
[0064]
<Examples 2 to 24>

A resin composition solution was prepared according to Example 1 by
use of the kind of each material at each rate shown in Table 4, and an entry
sheet for drilling, in which the thickness of a resin composition layer after
drying was 0.05 mm, was produced. Herein, a scanning electron
micrograph (magnification: 5000x) of a part of the molybdenum disulfide used
in Examples is illustrated in Figure 2.
[0065]
<Comparative Examples 1 to 19>

A resin composition solution was prepared according to Example 1 by
use of the kind of each material at each rate shown in Table 5, and an entry
sheet for drilling, in which the thickness of a resin composition layer after
drying was 0.05 mm, was produced. Herein, scanning electron micrographs
(magnification: 5000x) of parts of the tungsten trioxide and the molybdenum
trioxide used in Comparative Examples are illustrated in Figure 3 and Figure
4, respectively.
[0066]

The solid lubricant was added per one kind in any amount of 0.0, 2.0,
5.0, 10.0, 20.0, 25.0, 40.0, 50.0, 60.0, 80.0, 100.0, 150.0 and 200.0 parts by
mass based on 100 parts by mass of the resin in the resin composition.

[0067]
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Hole boring processing conditions were as follows.

Drill bit diameter: 0.2 mme (manufactured by Tungaloy Corporation,
trade name: C-CFU020S)

Number of rotations: 200,000 rpm

Rate of feed: 13 pm/rev.

Rate of rise: 25.4 m/min

Processing substrate (laminate): item number: HL832, thickness: 0.2
mm, copper foil thickness: 12 um, 6 sheets stacked
[0068]
<Evaluation methods>

Comprehensive evaluation was performed according to the evaluation
criteria in Table 3, based on the evaluation results of the hole position
accuracies at 1 to 1,500 hits, 1 to 3,000 hits and 1 to 6,000 hits, winding of
the resin to a drill bit, and wearing of a drill bit tip. The results are shown in
each of Tables 4 and 5. Herein, the worst rating among excellent, good, fair
and poor rated with respect to each evaluation item was reflected in the
comprehensive evaluation.
[0069]

Each sample of entry sheet for drilling produced in Examples and
Comparative Examples was evaluated as follows.
(1) Hole position accuracy

The entry sheet for drilling was arranged on a copper-clad laminate
stacked so that the resin composition layer thereof was disposed above, and
drilling processing was performed. Hole boring processing of 6,000 hits per
one drill bit was performed, and repeated for four drill bits. The

displacement between the hole position on the rear surface (lower surface) of

35



10

15

20

25

the copper-clad laminate stacked undermost and the specified coordinate
was measured by use of a hole analyzer (model number: HA-1AM,
manufactured by Hitachi Via Mechanics Inc.) with respect to holes at 1 to
1,500 hits, 1 to 3,000 hits and 1 to 6,000 hits per one drill bit. The average
and the standard deviation (c) were calculated with respect to the
displacement, and the "average + 3c" was calculated. Thereafter, the
average with respect to the "average + 3¢" value of each of n drill bits used
was calculated as the hole position accuracy in the entire drilling processing.
The results are shown in Tables 4 and 5. In addition, graphs for comparison
of the hole position accuracy among respective Examples and Comparative
Examples are illustrated in Figure 5 to Figure 7. Herein, the expression
used in calculation of the hole position accuracy is as follows.

[0070]

hole position accuracy in the entnrg drilling _ i "average + 30" of drill bit |-
processing (um)

i
(wherein n represents the number of drills used.)
[0071]
(2) Particle size of solid lubricant

The particle size of the solid lubricant was measured as follows. First,
a solid lubricant sample was dispersed in a solution including a 0.2%
hexametaphosphoric acid solution and several droplets of 10% triton, and the
maximum length of each solid lubricant particle projected was measured by
use of a laser diffraction particle size distribution measurement apparatus
(model number: SALD-2100, manufactured by Shimadzu Corporation).
Next, the particle size distribution curve (based on the number) was created

from the measurement results. The range from the maximum particle
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diameter to the minimum particle diameter shown in the particle size
distribution curve was defined as the range of the particle diameter of the
solid lubricant. In addition, the particle diameter at the maximum peak in the
particle size distribution curve (the particle diameter at which the solid
lubricant was most present based on the number of particles) was defined as
the average particle diameter.

[0072]

(3) Amount of entangled resin around drill bit

With respect to the drill bit after hole boring processing of 6,000 hits,

winding of the resin to the drill bit was observed on the side surface of the
drill bit by use of a microscope of 25 times power (model number: VHK-100,
manufactured by KEYENCE Corporation). The width and the length of
winding of the resin attached to the root of the drill bit were measured, and
the amount of the entangled resin around the drill bit was calculated from the
following expression. Herein, the units of the length, the width and the
diameter were "mm".
Amount of entangled resin around drill bit (mm?) = 1/3 x (width of winding of
resin/2) x (width of winding of resin/2) x 3.14 x (length of winding of resin)/2 -
(diameter of drill bit/2) x (diameter of drill bit/2) x 3.14 x (length of winding of
resin)

The results are shown in Tables 4 and 5. In addition, a graph for
comparison of the amount of the entangled resin around the drill bit among
respective Examples and Comparative Examples is illustrated in Figure 8.
[0073]

(4) Amount of wear at drill bit tip

The blade edge of the drill bit before hole boring processing was
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observed at the tip of the drill bit by a V-LASER microscope (model number:
VK-9700, manufactured by KEYENCE Corporation) at 200-fold magnification,
and the area of the cutting blade at the tip of the drill bit was measured.
Next, processing debris and the like were removed from the tip of the drill bit
after hole boring processing of 6,000 hits, thereafter the blade edge of the
drill bit was observed in the same manner as described above, and the area
of the cutting blade where the drill bit tip was not worn was measured. The
amount of wear at the drill bit tip was calculated from the following expression.
All the area units are the same.
Amount of wear at drill bit tip (%) = [(area of cutting blade of drill bit before
hole boring processing - area of cutting blade not worn after hole boring
processing)/area of cutting blade of drill bit before hole boring processing] x
100

The results are shown in Tables 4 and 5. In addition, a graph for

comparison of the amount of wear at the drill bit tip among respective

Examples and Comparative Examples is illustrated in Figure 9.

[0074]
[Table 3]
e Amount of
” Winding of e
Hole position accura . . | wear at drill bit
Determination criteria PO o resin to drill bit tip
Comprehensive evaluation
1500 hits 3000 hits 6000 hits 6000 hits 6000 hits
%k Kk kx| Excellent Example |lessthan20 um| lessthan22um | less than 26 um 0 mm? less than 52%
more than 0
20 umormore | 22 um or more 26 pm or more mm?3 52% or more
* %k k

Good Example | 1oss than 24 pm| lessthan 26 um | lessthan28 um | lessthan0.5 | less than 54%

mm3

0.5 mm3or

ok Fair Comparative | 24 umormore | 26 pm or more 28 pum or more more 54% or more
Example lessthan 28 pm | lessthan30 um | lessthan30 pm | lessthan 1.0 | less than 56%

mm3
* Poor Comparative 28 umormore | 30 um or more 30 um or more 1.0 mm? or 56% or more

Example K H H more
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[0075]
[Table 4]
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Amount of

. . Amount of
Resin . . Hole position accuracy | entangled
composition Solid fubricant Ave.+3oc resin around d".’fg?ﬁ.‘
drill bit ATOILUP | Comprehensive
evaluation
. | Content | 1500 | 3000 \ 6000 | e e | 5000 hits
Kind Kind | (partsby | hits | hits | hits (mm?) (%)
mass) | (um) | (um} | {um)
Example 1 A c | 100 | 201|230 29| o4 51.4 * ok ok
Example 2 A c | 200 | 193|210 251 | 02 525 * ok ok
Example 3 A c | 400 |192 |20/ 45| o010 51.0 * ok ok
Example 4 A c | 500 |185]| 205|239 o010 503 * ok
Example 5 A C | 600 | 204 | 24279 006 51.1 * ok ok
Example 6 A c | 800 | 192|215 28| o004 491 * ok ok
Example 7 A c | 1000 | 208|231 |278 ] 002 474 * ok
Example 8 A C | 1500 | 205 | 244 | 276 | 000 495 * ok k
Example 8 A c | 200 | 217 | 238 | 278 | 000 50.9 * ok ok
Example 10 | A co | U0 112|212 | 74| 008 513 * ok ok
Example 11 A oo | B0 [ee | 218 | 21| oo 52.1 * ok ok
Example2 | A | C+D 520500 204 | 251 | 261 | 005 51.0 *kk
500
Example 13 | A co | 200 | 28| 23] 250 | 000 50.5 * ok ok
Example 14 A C+E fgg 210 | 233 | 245 | 009 53.1 * ok k
500
Example 15 | A ce | 20 |06 | 234 | 241 | 005 528 * ok ok
Example 16 | A CeE 320500 187 | 206 | 247 | 003 52.1 * ok k
500
Example 17 | A oo | b | 165 | 190 | B5 | 000 512 ok ok
Example 18 | A G | o0 | 185 | 204 | 245 | 000 519 ok ok ok
500
Example 19 | A G | JSonp | 06 | 228 | 267 | 000 51.9 * ok ok
Example20 | A C+E jé’o 184 | 199 | 232 | 012 526 * ok k
10.0
Example 21 A G | nb | 18 |95 | 228 | o 499 *okkk
250
Example22 | A e | D0 | 167 | 193 | 219 | 012 50.2 * ok ko
Example23 | A C+E :110600 170 | 197 | 284 | o1 516 T
Bample2d | A | ChE | o0 | 198 | 202 | 256 [ 040 521 * ok ok
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[0076]

[Table 5]
Amount of
i o entangled Amount
con?esgi‘ﬁon Solid lubricant Hole p(;\sutno‘r::saccuracy resin of wear at
P vexso around drill | drill bittip | Compre-
bit hensive
evaluation
| | Content 1} 1500 | 3000 1 000} 600 hits | 6000 nits
Kind Kind | (parts by hits hits hits (mmd) %)
mass) | (um) | (um) | (um)
Comparative
Example 1 A B 0.0 277 291 340 0.63 55.9 *
Comparative
Example 2 A C 20 26.8 29.1 340 0.57 55.2 *
Comparative
Example 3 A c 50 258 276 | 319 0.72 524 *
Comparative
Example 4 A D 20.0 26.7 280 | 315 0.17 545 *
Comparative
Example 5 A D 80.0 241 26.0 295 0.00 51.8 * %
Comparalive | 5 E | 200 | 194 | 208 | 28| o008 523 .k
Example 6
Comparative
Example 7 A E 80.0 177 198 | 290 0.00 52.2 %* %
Comparative
Example 8 A F 50 235 255 | 296 0.65 55.2 * %
Comparative
Example 9 A F 10.0 247 25,5 309 0.42 53.9 *
Comparative
Example 10 A F 200 269 217 306 0.13 52.1 *
Comparative
Example 11 A F 50.0 299 M0 | 348 0.03 531 *
Comparalve | F| 1000 | 289 | 305 | 347 | 000 520 N
Example 12
Comparative
Example 13 A F 200.0 395 479 | 529 0.00 51.1 *
Comparative
Example 14 A G 50 279 295 318 0.51 55.0 *
Comparalive | G | 100 | %69 | 21 |322]| o046 535 *
Example 15
Comparative
Example 16 A G 20.0 285 29.2 354 0.32 53.4 *
Comparative
Example 17 A G 50.0 291 313 | 361 0.12 54.1 *
Comparative
Example 18 A G 100.0 311 325 | 376 0.08 523 *
Comparative
Example 19 A G 200.0 40.2 442 | 495 0.00 520 *
5 [0077]

As shown in Table 4 and Table 5, it was found that 10 parts by mass to

200 parts by mass of the tungsten disulfide as a solid lubricant was added
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based on 100 parts by mass of the resin in the resin composition to thereby
result in remarkable enhancement in hole position accuracy. In addition, it
was found that the difference in hole position accuracy between Example 1
and Comparative Example 1 was studied in terms of the life of a drill bit and
the life of a drill bit in Example 1 where the tungsten disulfide was used
corresponded to 4 times or more the life of a drill bit in Comparative Example
1 where the tungsten disulfide was not added. In addition, it was found that
the life of a drill bit in Example 1 where the tungsten disulfide was used could
also be extended 4 times or more the life of a drill bit in each of Comparative
Examples 8 to 13 where the molybdenum disulfide was used and
Comparative Examples 14 to 19 where the molybdenum trioxide was used.
Moreover, it was found that the life of a drill bit in each of Examples 10 to 24
where the tungsten disulfide and the molybdenum disulfide or the graphite
were used in combination as solid lubricants could also be extended 4 times
or more. In particular, it was found that when the tungsten disulfide and the
graphite were used in combination as solid lubricants, the life of a drill bit
could be further extended, and when the tungsten disulfide and the graphite
were used in combination in a mass ratio of 10 : 90 to 90 : 10, the life of a
drill bit could be still further extended. The effort for enhancement in hole
position accuracy by 1 um was heretofore made, but even those skilled in the
arts could not expect the results of the present invention: achievement of
such remarkable enhancement in hole position accuracy. In addition, as
shown by the results in Table 4 and Table 5, it was found that the entry sheet
for drilling where the tungsten disulfide was used as a solid lubricant realized
a remarkably excellent hole position accuracy even at any number of

cumulative holes bored.
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[0078]

It was found from the results in Table 4 and Table 5 that the entry
sheet in each of Examples 1 to 24 was excellent in hole position accuracy at
both the stage where drill bit wearing did not progress and the stage where
such wearing progressed, as compared with the entry sheet in each of
Comparative Examples 1 to 19. It has been found that the amount of the
tungsten disulfide to be added is optimized within the scope of the present
invention to thereby allow the entry sheet for drilling of the present invention,
to which the tungsten disulfide is added, to be remarkably excellent in hole
position accuracy as compared with a conventional entry sheet for drilling, to
which the molybdenum disulfide, zinc molybdate or molybdenum trioxide is
added.

[0079]

The present application is based on Japanese Patent Application

(Japanese Patent Application No. 2014-072337) filed on March 31, 2014, the

content of which is herein incorporated by reference.

Industrial Applicability
[0080]

The present invention can provide an entry sheet for drilling, which is
excellent in hole position accuracy and enables to reduce drill bit breakage

as compared with a conventional entry sheet for drilling.

Reference Signs List

[0081]
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A: drill bit, B: crystal of water-soluble resin (A), C: metal foil, D:

centripetal force, E: solid lubricant.
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CLAIMS

[Claim 1]

An entry sheet for drilling, comprising a metal foil, and a layer
comprising a resin composition and formed on at least one surface of the
metal foil, wherein

the resin composition comprises a resin and tungsten disulfide as a
solid lubricant, and

the content of the tungsten disulfide included in the resin composition
is 10 parts by mass to 200 parts by mass based on 100 parts by mass of the
resin included in the resin composition.

[Claim 2]

The entry sheet for drilling according to claim 1, wherein the resin
composition further comprises a solid lubricant that is different from the
tungsten disulfide.

[Claim 3]

The entry sheet for drilling according to claim 2, wherein the resin
composition comprises graphite as the solid lubricant that is different from the
tungsten disulfide.

[Claim 4]

The entry sheet for drilling according to any one of claims 1 to 3,
wherein a particle diameter at a maximum peak in a particle size distribution
curve of the tungsten disulfide, measured with a laser diffraction particle size

distribution measurement apparatus, is 1 to 20 um.
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[Claim 5]

The entry sheet for drilling according to any one of claims 1 to 4,
wherein the layer comprising the resin composition has a thickness in the
range from 0.02 to 0.3 mm.

[Claim 6]

The entry sheet for drilling according to any one of claims 1 to 5,
wherein the resin composition comprises a water-soluble resin (A).

[Claim 7]

The entry sheet for drilling according to claim 6, wherein the water-
soluble resin (A) is one or more selected from the group consisting of
polyethylene oxide, polypropylene oxide, sodium polyacrylate, polyacrylic
amide, polyvinylpyrrolidone, a cellulose derivative, polytetramethylene glycol,
a polyester of polyalkylene glycol, polyethylene glycol, polypropylene glycol,
monoethers  of  polyoxyethylene,  polyoxyethylene = monostearate,
polyoxyethylene sorbitan monostearate, polyglycerol monostearates, and a
polyoxyethylene-propylene copolymer.

[Claim 8]

The entry sheet for drilling according to any one of claims 1 to 7,
wherein the resin composition comprises a thermoplastic water-insoluble
resin.

[Claim 9]

The entry sheet for drilling according to claim 8, wherein the
thermoplastic water-insoluble resin is one or more selected from the group
consisting of an amide-based elastomer, a butadiene-based elastomer, an
ester-based elastomer, an olefin-based elastomer, a urethane-based

elastomer, a styrene-based elastomer, polybutene, low density polyethylene,
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chlorinated polyethylene, a metallocene-based polyolefin resin, an
ethylene/acrylic acid ester/maleic anhydride copolymer, an ethylene/glycidyl
(meth)acrylate copolymer, an ethylene/vinyl acetate copolymerization resin, a
modified-ethylene/vinyl acetate copolymerization resin, an
ethylene/(meth)acrylic acid copolymerization resin, an ionomer resin, and an
ethylene/(meth)acrylic acid ester copolymerization resin.

[Claim 10]

The entry sheet for drilling according to any one of claims 1 to 9,
wherein the resin composition comprises a water-insoluble lubricant that is
not a solid lubricant.

[Claim 11]

The entry sheet for drilling according to claim 10, wherein the water-
insoluble lubricant that is not a solid lubricant is one or more selected from
the group consisting of an amide-based compound, a fatty acid-based
compound, a fatty acid ester-based compound, an aliphatic hydrocarbon-
based compound and a higher aliphatic alcohol.

[Claim 12]

The entry sheet for drilling according to any one of claims 1 to 11,
wherein the metal foil has a thickness in the range from 0.05 to 0.5 mm.
[Claim 13]

The entry sheet for drilling according to any one of claims 1 to 12,
comprising an adhesion layer in a form of a resin film between the metal foil
and the layer comprising the resin composition, and the resin film has a

thickness in the range from 0.002 to 0.02 mm.
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[Claim 14]

The entry sheet for drilling according to claim 13, wherein the resin film
comprises 1 part by mass to 50 parts by mass of tungsten disulfide as a solid
lubricant based on 100 parts by mass of the resin included in the resin film.
[Claim 15]

The entry sheet for drilling according to any one of claims 1 to 14, for
use in hole boring processing by a drill bit having a diameter of 0.30 mme or
less.

[Claim 16]
The entry sheet for drilling according to any one of claims 1 to 15, for

use in drilling processing of a laminate or a multilayer board.
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