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A hard coating film to be applied to the surface of a tool,
which has a composition of (Cr,_, ,Al S1,) (B,C N, _ ) with
atomic ratios specified below.

0<a=0.4

0.05=b=0.35

0.25=1-a-b=0.9

0=x=0.15

0=y=0.5

or a composition ot (M,_, ,Al, S1,) (B,C N
ratios specified below.

0.05=a=0.5

0.1<b=0.35

0=x=0.15

0=y=0.5

where M denotes 11 and Cr.

The hard coating film for cutting tools has better wear resis-
tance than conventional ones.

1-x-y) With atomic

30 Claims, 3 Drawing Sheets
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HARD COATING FILM AND METHOD FOR
FORMING THE SAME

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a hard coating film and a
method for forming the same. The hard coating film 1s
designed to improve the wear resistance of cutting tools (such
as tip, dnll, and end mill) and j1gs (such as forging die and
punching die).

2. Description of the Related Art

Coating with a hard film of TiN, TiCN, TiAIN or the like
has been a conventional way of improving the wear resistance
ol cutting tools made of cemented carbide, cermet, or high-
speed steel. It has recently been found that a coating film of
T1AIN (which 1s a composite nitride of T1 and Al) excels 1n
wear resistance, as disclosed 1in Patent Document 1 below.
This coating film 1s finding use in the field of cutting tools for
high-speed cutting and hard materials such as hardened steel,
in place of the coating film of titanium nitride, carbide, or
carbonitride. Another recent development 1s a coating film of
laminate structure composed of layers differing in crystal
structure and composition for improved wear resistance (as
disclosed 1n Patent Document 2 below) or a coating film of
T1AISIN 1ncorporated with Cr for improved hardness and
oxidation resistance (as disclosed in Patent Document 3
below).
Patent Document 1:

Japanese Patent No. 2644710
Patent Document 2:

Japanese Patent Laid-open No. 2005-213637
Patent Document 3:

Japanese Patent Laid-open No. 2003-71611

OBJECT AND SUMMARY OF THE INVENTION

There 1s an increasing demand for hard coating film to
impart better wear resistance (hardness and oxidation resis-
tance) to cutting tools 1n response to harder works, greater
cutting speed, and high-speed dry cutting (which increases
the surface temperature of cutting tools).

The present invention was completed 1n view of the forgo-
ing. It 1s an object of the present invention to provide a hard
coating {ilm for better wear resistance than conventional ones
and a method for forming the same.

Among known hard coating films excelling in wear resis-
tance 1s that of (CrAlS1) (BCN) containing optional 11, with a
large content of Al and Si. It tends to become soft as 1t
assumes the hexagonal crystal structure or amorphous struc-
ture owing to much Al and S1 contained therein. The present
inventors found that 1t 1s possible to obtain a hard coating film
essentially excelling 1n hardness and oxidation resistance 1f
the Al content 1s decreased and the Si content 1s increased
more than before. The present inventors further investigated a
hard coating film which exhibits a desirable crystal structure
when 1t has the foregoing composition, and also mvestigated
a method for forming the hard coating film. The results of
their mvestigation led to the present invention.
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The first aspect of the present invention 1s directed to a hard
coating film to be applied to the surface of a tool, which has a
composition of (Cr,_, ,Al S1,) (B,C N, ) with atomic
ratios specified below.
0<a=0.4
0.05=b=0.35
0.25=1-a-b=0.9
0=x=0.15
0=y=0.5

The second aspect of the present invention 1s directed to a
hard coating film to be applied to the surface of a tool, which
has a compositionot(M,_, ,Al S1,) (B,C N, )withatomic
ratios specified below.
0.05=a=0.5
0.1<b=0.35
0=x=0.15
0=y=0.5
where M denotes 11 and Cr.

The hard coating film defined above essentially excels 1n
hardness and oxidation resistance and has the crystal struc-
ture free ol hexagonal crystals and amorphous phase.

The third aspect of the present invention 1s directed to a
modification to the hard coating film defined 1n the first or
second aspect of the present invention, with the modified hard
coating film containing oxygen.

The fourth aspect of the present invention 1s directed to a
modification to the hard coating film defined in the third
aspect of the present invention, with the modified hard coat-
ing film having the moiety ot (B,C N, O,) with atomic
ratios specified below.
0=x=0.15
0=y=0.5
0<z=0.5
0.35=1-x-y-z<1
The moiety of (B,C N
side.

The hard coating film defined above 1s chemically stable
and hence exhibits improved oxidation resistance 1n high-
speed cutting and dry cutting which lead to a high surface
temperature of tools.

The fifth aspect of the present invention 1s directed to a
modification to the hard coating film defined 1n any of the first
to fourth aspects of the present invention, with the modified
hard coating film consisting of two or more layers differing in
composition within the specified range.

The hard coating film of layered structure may be formed
such that the layer needing hardness comes 1n direct contact
with a tool and the layer needing oxidation resistance covers
the outside.

The sixth aspect of the present invention 1s directed to a
modification to the hard coating film defined 1n any of the first
to fifth aspects of the present invention, with the modified
hard coating film having an additional layer on one side or
both sides thereot, the additional layer being formed from any
of nitride, carbide, boride, carbonitride, carboboride, boroni-
tride, and carboboronitride of metal selected from Groups
dA, SA, and 6 A, Al, and S1, with their composition differing
from that of the hard coating film defined above.

The seventh aspect of the present invention 1s directed to a
modification to the hard coating film defined 1n any of the first
to sixth aspects of the present mnvention, with the modified
hard coating film having an additional layer on one side or
both sides thereot, the additional layer contaiming at least one
species selected from Groups 4A, 5A, and 6 A, Al, and Si1.

The modified hard coating film may be formed 1n such a
way that the strongly adhering layer comes in direct contact
with a tool and the highly corrosion resistant layer covers the

1-x-p

1-x-v

l_I_ﬁ,()g) being present 1n the outer
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outside. The combination of layers diflering in composition
(and hence 1n crystal structure) often contributes to wear
resistance.

The eighth aspect of the present invention 1s directed to a
modification to the hard coating film defined in the sixth or
seventh aspect of the present invention, with the modified
hard coating film having more than one additional layer
formed thereon. The modified hard coating film exhibits
improved wear resistance while maintaining the characteris-
tic properties of the original hard coating film.

The ninth aspect of the present invention 1s directed to a
hard coating film which has a crystal structure represented by
rock salt structure. This crystal structure permits the hard
coating {ilm to excel in wear resistance.

The tenth aspect of the present invention 1s directed to a
method for forming a hard coating film by unbalanced mag-
netron sputtering or cathodic arc 1on plating that employs a
mechanism to apply a magnetic field.

The eleventh aspect of the present invention 1s directed to a
modification to the method for forming a hard coating film
defined above, the modification including a means for gener-
ating a magnetic force that extends 1n the direction parallel or
perpendicular to the target’s evaporating surface, the mag-
netic force readily converting the film-forming gas into
plasma 1n the neighborhood of the work being coated.

This modification helps form a coating film having a crys-
tal structure suitable for improved wear resistance.
<Effect of the Invention>

The hard coating film according to the present invention
imparts improved hardness, oxidation resistance, and wear
resistance to cutting tools and the like. The method for form-
ing the hard coating film according to the present invention
gives a hard coating film having a crystal structure suitable for
improved wear resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic sectional view showing the important
part of the sputtering vapor source used in one example of the
present invention.

FIG. 2 1s a schematic sectional view showing the important
part of the arc vapor source used 1n one example of the present
invention.

FIG. 3 1s a schematic diagram showing the apparatus for
arc 1on plating (AIP) used 1n one example of the present
ivention.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
=y

ERRED

The preferred embodiments for the hard coating film
according to the present invention will be described in the
tollowing.

The hard coating film according to the present invention
covers the surface of cutting tools (such as tip, drill, and end
mill) and j1gs (such as forging die and punching die), which
are made of cemented carbide, cermet, or high-speed steel.
(Composition and Structure of Coating Film)

The coating film based on (CrAlS1) (BCN) has the follow-
Ing composition.

The content (in terms of atomic ratio) of aluminum (Al)
should be no more than 0.4, preferably no more than 0.35, and
no less than 0.03, preferably no less than 0.15. Without alu-
minum, the hard coating film will be poor 1n oxidation resis-
tance and hardness.
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The content of silicon (S1) should be no less than 0.05 and
no more than 0.35, preferably no less than 0.1 and no more
than 0.25.

The content of chromium (Cr) 1s equivalent to the total
amount of Al and Si, which 1s no less than 0.3 and no more
than 0.6, preferably no less than 0.4 and no more than 0.55.
Chromium strongly affects oxidation resistance and crystal
structure.

The coating film based on (T1CrAlS1)(BCN) has the fol-
lowing composition.

The content of aluminum (Al) should be no less than 0.05
and no more than 0.5. The content of S1 should be no less than
0.1 and no more than 0.35. The content of Al or S1 lower than
specified above 1s not enough to improve oxidation resistance
and hardness. The total amount of Al and S1 should be no less
than 0.2 and no more than 0.7, preferably no less than 0.3 and
no more than 0.6.

The total content of T1 and Cr, which 1s equivalent to the
total amount of Al and Si1, should be no less than 0.15. The
ratio of T1 to Cr 1s not specifically restricted. A higher T1/Cr
ratio leads to improved hardness, and a lower T1/Cr ratio leads
to improved oxidation resistance (with slightly decreased
hardness). The selection of T1/Cr ratio depends on the purpose
of coating.

The hard coating film according to the present mvention
contains nitrogen (IN) as a basic component. The content (in
terms of atomic ratio) of nitrogen should be no less than 0.35.
The hard coating film will vary in characteristic properties
depending on the content of boron (B) or carbon (C), which
should be controlled according to the object.

Boron (B) 1n the hard coating film combines with nitrogen
(N) to form the B—N linkage which contributes to lubricity
(or reduced 1friction and improved wear resistance). Boron
(B) also combines with metal to form a hard boride (such as
T1B,), which contributes to hardness. The content (in terms of
atomic ratio) of B should be no more than 0.15, preferably no
more than 0.1. Excess boron makes the hard coating film
amorphous.

Carbon (C) 1n the hard coating film forms a hard carbide,
thereby contributing to hardness. The content of C should be
no more than 0.5, preferably no more than 0.4. Excess carbon
remains unreacted or forms an unstable Al—C linkage.

It follows from the foregoing that the hard coating film
according to the present invention may have any of the fol-
lowing compositions, which lead to varied characteristic

properties shown 1n Examples given later.
(CrAlS1)N, (CrAlS1)(BN), (CrAlS1)(CN), (CrAlS1)(BCN),

(TiICrAlIS1)N, (TiCrAlS1)(BN), (TiCrAlSi1)(CN), and
(T1CrAlIS1)(BCN)

The hard coating film mentioned above may additionally
contain oxygen in an amount not harmitul to 1ts desired char-
acteristic properties. The resulting hard coating film, which
contains an oxide, slightly decreases 1n harness but increases
in chemical stability; therefore, 1t reacts less with metal works
and exhibits improved oxidation resistance. The hard coating
f1lm should have the oxygen-containing layer as 1ts outermost
layer which comes into contact with the work. This 1s accom-
plished by adding oxygen to nitrogen being introduced in the
last stage of film forming process. The amount (in terms of
atomic rati0) of oxygen should be no more than 0.5, prefer-
ably no more than 0.4. Excess oxygen causes the hard coating
f1lm to decrease 1n hardness and hence 1n wear resistance. The
content of nitrogen (as the fundamental component) should
be no less than 0.35 1rrespective of the mtroduction of oxy-
gen.

The hard coating film according to the present mvention
may also be composed of two or more layers in laminate form,
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cach differing in composition within a certain range The

additional laminated layers may be formed from any of

nitride, carbide, boride, carbonitride, carboboride, boroni-
tride, and carboboronitride of metal selected from Groups
4A, SA, and 6 A, Al, and S1, with their composition differing
from that of the hard coating film defined above. These metal
compounds may be exemplified by TiN, TiAIN, TiCrAlIN,
CrAlSiN, TiCrAlSiN, TiCN, T1AICN, TiCrAICN, TiC, TiB.,
TiBCN, and TiCrAIBN.

The hard coating film of laminate structure according to the
present mvention may have an additional layer of metal or
alloy on one side or both sides thereot, the additional layer
containing at least one species of metal selected from Groups

4A,5A, and 6 A, Al, and Si1. The metals of Group 4A, SA, and
6 A are exemplified by Cr, T1, and Nb, and the alloy includes
T1i—Al.

The hard coating film of laminate structure formed as men-
tioned above should preferably have more than one additional
layer so that 1t exhibits improved characteristic properties.

The |

hard coating film according to the present invention

should .

have a crystal structure represented by rock salt struc-
ture. This crystal structure excludes the soit hexagonal crystal
structure and amorphous phase. The hard coating film of rock
salt structure contributes to cutting tools excelling 1n wear
resistance.

The hard coating film should have a thickness no smaller
than 0.5 um and no larger than 20 um regardless of 1ts layer
structure (single layer or multiple layers). With a thickness
smaller than 0.5 um, the hard coating film 1s poor 1n wear
resistance. With a thickness larger than 20 um, the hard coat-
ing film 1s liable to damage and peeling at the time of cutting.
A desirable thickness 1s no smaller than 1 um and no larger
than 15 um. In the case of laminate structure, each layer
should have a thickness smaller than 3000 nm, preferably no
larger than 1000 nm, more preferably no larger than 500 nm.
<Method and Apparatus for Film Forming>

The hard coating film having the desirable rock salt crystal

structure may be formed by using an evaporation source
shown 1n FIG. 1 or FIG. 2. The one 2S shown 1n FIG. 1 1s for

unbalanced magnetron sputtering, and the one 2A shown in
FIG. 2(a) and FIG. 2(b) 1s for arc process. (The latter 1s
provided with a mechanism to apply a magnetic field as
shown.) The magnetic force runs in the direction approxi-
mately perpendicular or parallel to the surface of the target 6
ol the evaporation source. The magnetic force exerts cyclo-
tron motion to electrons present in the plasma generated in
front of the evaporation source. The cyclotron motion 1onizes
the gas and the resulting dense 10ns give rise to the compact
hard coating film. The film forming apparatus according to
the present invention has a magnet placed on the front or side
of the target, so that the magnet produces a magnetic force
that runs 1n the direction approximately perpendicular or
parallel to the evaporation surface of the target. This magnetic
force turns the film forming gas into plasma, so that the hard
coating film of the present invention 1s formed efliciently. The
above-mentioned apparatus 1s different from the conven-
tional one of balanced magnetron type or the conventional
one for arc process which employs the cathode evaporation
source having the magnetic field behind the target. These
conventional apparatuses involve difficulties 1n producing the
hard coating film of the present invention.

One embodiment of the present mvention will be briefly
described with reference to the arc 1on plating (AIP) appara-
tus shown in FIG. 3.

The AIP apparatus consists of the following components:
the exhaust port 11 for evacuation;
the vacuum chamber 1 with the gas supply port 12 through

which film forming gas and nert gas are fed;
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the evaporation source 2A for arc process, which evapo-
rates the target (constituting the cathode) and 1onizes the
resulting gas by arc discharging;
the support 3 for the work W (or the cutting tool) on which
coating 1s made; and
the bias power supply 4 which applies a negative bias
voltage to the work W through the support 3. (The work
W 1s between the support 3 and the vacuum chamber 1.)
The vacuum chamber 1 1s supplied with a mixture gas
composed of nitrogen (N, ) methane (CH,), oxygen (O.,), and
argon (as an inert gas). Selection of the former three depends
on the composition of the hard coating film desired
The evaporation source 2A for arc process consists of the
following components.

r

T'he target 6 which serves as the cathode.
The arc power supply 7 which 1s connected to the target 6
and the vacuum chamber 1 (which serves as the anode).
The magnet (permanent magnet) 8 to generate the mag-
netic force which runs 1n the direction approximately
perpendicular or parallel to the evaporation surface S of

the target 6 and extends to the vicinity of the work W.

The magnet 8 should be one which generates a magnetic
force density no smaller than 10 G (gauss), preferably no
smaller than 30 G, 1n the vicinity of the work W. Incidentally,
the term “approximately perpendicular’” means that the direc-
tion of magnetic force may deviate within about 30° from the
normal.

FIG. 2(b) 1s an enlarged schematic sectional view showing,
the important part of the evaporation source for arc process
that 1s used in one embodiment of the present invention. It 1s
to be noted that the magnet 8 to produce the magnetic field 1s
so arranged as to encircle the evaporation surface S of the
target 6. The magnet 8 may be replaced by any other means to
produce the magnetic field, such an electromagnet consisting
of a coil and a power supply. The magnet may be placed such
that 1t surrounds the front (facing the work W) of the evapo-
ration surface of the target 6, as shown in FIG. 2(a).

The AIP apparatus used 1n the present mvention differs
from the conventional one 1n how the magnetic field moves
the film-forming gas in plasma form 1n front of the evapora-
tion source for arc process.

FI1G. 2(a) shows the magnetic force that exists 1n the evapo-
ration source 2A used in the present invention. The magnetic
force causes part of electrons (e) generated by discharging to
move spirally around 1t. The moving electrons collide with
nitrogen molecules etc. constituting the film-forming gas,
thereby exciting the film-forming gas into plasma. This 1s not
the case with the conventional evaporation source, 1n which
the magnetic force 1s confined 1n the vicinity of the target and
hence the plasma exists densely near the target but lightly near
the work. By contrast, the evaporation source 2A used 1n the
present invention permits the magnetic lines to extend to the
work W, so that the plasma of the film-forming gas has a much
higher density 1n the vicinity of the work W as compared with
that in the conventional evaporation source.

EXAMPLES

The mvention will be described 1n more detail with refer-
ence to the following examples, which are not intended to
restrict the scope thereol. Adequate modifications may be
made to the examples within the scope of the invention.

Example 1

Coating on several substrates was carried out 1n the follow-
ing manner by using the AIP apparatus shown 1n FIG. 3.
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First, the cathode of the AIP apparatus was provided with
the target 6 of Cr—Al—=S1 alloy. Then, the support 3 was
provided with the work W, which 1s a mirror-polished tip of

cemented carbide, a platinum fo1l (0.1 mm thick), or a ball end
mill of cemented carbide (10 mm 1n diameter, with six
blades).

With the vacuum chamber 1 evacuated, the work W was
heated to 550° C. by a heater therein, and the vacuum cham-
ber 1 was fed with nitrogen gas. With the pressure in the
vacuum chamber 1 kept at4 Pa, arc discharging was started to
form a coating film (3 wm thick) on the surface of the substrate
(work W). To form the coating film containing B, the alloy
target mentioned above was replaced by the one containing B.
To form the coating film containing C and O, the film-forming
gas was incorporated with CH, and O, gas. Incidentally, a
bias voltage of =30V to —100 V was applied to the substrate
(work W) so that the substrate (work W) remained at a minus
potential with respect to the earth potential during the coating
pProcess.

The resulting coating film was examined for composition
(by EPMA corrected by mass absorption coetlicient), crystal
structure (by X-ray diffractometry), Vickers hardness, and
oxidation starting temperature. The coating film was also
examined for wear resistance by cutting with the coated end
mill under the following conditions. After cutting, the width
of flank wear was measured. (The smaller the wear width, the
better the wear resistance.) To examine oxidation resistance,
the coated platinum foil was heated in dry air at a rate of 4°
C./min and the weight increase due to oxidation was plotted.
The temperature at which the sample had begun to increase 1n
welght was regarded as the oxidation starting temperature. A
high oxidation starting temperature means that the hard coat-
ing film 1s less reactive with the work and 1s superior 1n
oxidation resistance.

Cutting Conditions:

TABL.

Composition of coating film (atomic ratio)
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Work: SKD61 (HRC50)
Cutting speed: 300 m/min
Feed: 0.05 mm/blade

Axial cut: 5 mm

Radial cut: 1.0 mm

Cut length: 150 m

Others: down cutting, dry cutting, air blowing only

Evaluated 1n terms of width of flank wear

Table 1 shows the results of evaluation of samples 1n
Example 1. The crystal structure 1n Table 1 1s abbreviated as
follows.

C: Rock salt structure

H: Hexagonal structure

A: Amorphous

C+H: Mixture of crystals each having rock salt structure and
hexagonal structure

The coating film with the rock salt structure 1s preferable as

mentioned above; however, the coating film with the crystal

structure of C+H occasionally has high hardness.

Samples No. 1 and 2 represent conventional hard coating
film of TiN or T1AIN. Samples Nos. 3 to 19 represent hard
coating film of metal nitride containing Cr as an essential
component, with the amount of Al and Si1 varied. It 1s noted
that those samples with a comparatively large amount of Al
are low 1n hardness and oxidation starting temperature (and
hence large in wear amount) even though they contain a
certain amount of S1. Also, those samples with a compara-
tively large amount of S1 are low in hardness because of
transformation into amorphous phase.

Samples Nos. 20 to 36 represent hard coating film of

above-mentioned metal nitride, with the amount of boron (B)
varied (Nos. 20 to 24), the amount of carbon (C) varied (Nos.

2510 29), and the amount of oxygen (O) varied (Ns. 31 to 36).
These results suggest the adequate amount of individual ele-
ments 1n the coating film.

No. Cr Al S1 Al + 81 B
1 Comparative Example TIN
2 Comparative Example (T15 5Alp )N
3 Comparative Example 0.4 0.6 0 0.6 0
4 Comparative Example 0.3 0.65 0.05 0.7 0
5 Comparative Example 0.3 0.6 0.1 0.7 0
6 Comparative Example 0.3 0.6 0.15 0.75 0
7 Example 0.55 0.4 0.05 0.45 0
8 Example 0.55 0.35 0.1 0.45 0
9 Example 0.48 0.35 0.17 0.52 0
10 Example 0.45 0.3 0.25 0.55 0
11 Example 0.45 0.2 0.35 0.55 0
12 Comparative Example 0.3 0.3 0.4 0.7 0
13 Comparative Example 0.85 0 0.15 0.15 0
14 Example 0.83 0.02 0.15 0.17 0
15 Example 0.8 0.05 0.15 0.2 0
16 Example 0.7 0.15 0.15 0.3 0
17 Example 0.55 0.3 0.15 0.45 0
18  Example 0.45 0.4 0.15 0.55 0
19 Comparative Example 0.35 0.5 0.15 0.65 0
20 Example 0.55 0.3 0.15 0.45 0
21 Example 0.55 0.3 0.15 0.45 0.0
22 Example 0.55 0.3 0.15 0.45 0.1
23  Example 0.55 0.3 0.15 0.45 0.1
24 Comparative Example 0.55 0.3 0.15 0.45 0.2
25 Example 0.52 0.35 0.13 0.48 0
26 Example 0.52 0.35 0.13 0.48 0
27 Example 0.52 0.35 0.13 0.48 0
28 Example 0.52 0.35 0.13 0.48 0
29 Comparative Example 0.52 0.35 0.13 0.48 0
30 Example 0.52 0.35 0.13 0.48 0.1
31 Example 0.52 0.35 0.13 0.48 0
32 Example 0.52 0.35 0.13 0.48 0
33 Example 0.52 0.35 0.13 0.48 0

- 1
Crystal Hardness Oxidation starting Amount of
C N O structure  (HV) temperature (° C.) Wear (um)

C 2200 650 140

C 2800 850 75
0 0 C 2800 900 70
0 0 H 2900 1050 65
0 0 H 2800 1100 69
0 0 H 27700 1150 75
0 0 C 3000 1050 48
0 0 C 3150 1100 30
0 0 C 3200 1250 25
0 0 C 3100 1250 28
0 0 C+H 2800 1300 54
0 0 A 2500 1300 88
0 0 C 2900 900 72
0 0 C 3000 1050 45
0 0 C 3100 1100 38
0 0 C 3150 1150 32
0 0 C 3200 1250 26
0 0 C+H 3050 1300 38
0 0 H 27700 1300 65
0 1 0 C 3200 1250 27
0 097 0 C 3250 1250 25
0 0.9 0 C 3100 1300 25
0 0.85 O C 3100 1300 26
0 0.8 0 C+H 2800 1000 55
0 1 0 C 3200 1250 28
0.1 0.9 0 C 3250 1150 23
04 0.6 0 C 3300 1100 25
0.5 0.5 0 C 3100 1050 29
055 045 O C 2900 950 57
04 0.5 0 C 3100 1100 29
0 1 0 C 3200 1250 28
0 0.97 0.03 C 3200 1250 24
0 0.9 0.1 C 3150 1300 24
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TABLE 1-continued
Composition of coating film (atomic ratio) Crystal Hardness Oxidation starting Amount of
No. Cr Al S1 Al + S1 B C N O  structure (HV) temperature (° C.) Wear (um)
34 Example 0.52  0.35 0.13 0.48 0 0 0.8 0.2 C 3100 1300 206
35 Example 0.52 0.35 0.13 0.48 0 0 0.6 04 C+H 3100 1250 28
36 Comparative Example 0.52  0.35 0.13 0.48 0 0 0.45 0.55 H 2800 1100 57
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Example 2

The same procedure as 1n Example 1 was repeated except
that the target was replaced by the one composed of T1—Cr—
Al—=S1 alloy and cutting was carried out under the following,
conditions. 15
Cutting Conditions:

Work: SKD11 (HRC60)

Cutting speed: 150 m/min

Feed: 0.05 mm/blade

Axial cut: 5 mm 20

Radial cut: 0.3 mm

Cut length: 50 m

Others: down cutting, dry cutting, air blowing only

Evaluated 1n terms of width of flank wear

The results of evaluation are shown in Table 2. The samples 35
gave the same results as those in Example 1 even though they
additionally contain Ti.

Example 3

The AIP apparatus shown in FIG. 3 was provided with two
evaporation sources for arc process (not shown), and each
evaporation source was provided with a target of different
alloy. The AIP apparatus was run to from various kinds of
hard coating film of laminate type as shownin Table 3. “Layer
27 1n Table 3 corresponds to the hard coating film defined 1n
the first or second aspect of the present invention, and “Layer
17 1n Table 3 corresponds to the hard coating film defined 1n
any of the sixth to eighth aspects of the present invention,
which is combined with [“Layer 1] “Laver 2. The multiple
layers 1n the hard coating film are arranged such that “Layer
17 1s 1n contact with the substrate (or the work W) and “Layer
2 1s formed on (or outside) “Layer 1”. A pair of “Layer 17
and “Layer 2” counts as one laminate layer. The hard coating
f1lm composed of more than one laminate layer was formed

TABLE 2

Composition of coating film (atomic ratio)

No. Ti Cr Al S1 Al + Si
1 Comparative Example TiN
2 Comparative Example (T1, Al 5)N
3 Comparative Example 0.3 0.3 0.4 0 0.4
4 Comparative Example 0.3 0.2 0.4 0.1 0.5
5 Example 0.23 0.25 0.4 0.12 0.52
6 Example 0.3 0.2 0.3 0.2 0.5
7 Example 0.27 0.2 0.25 0.28 0.53
& Example 0.25 0.2 0.2 0.35 0.55
9 Comparative Example 0.17 0.2 0.23 0.4 0.63
10 Comparative Example 0.45 0.4 0 0.15 0.15
11 Example 0.4 0.4 0.05 0.15 0.2
12 Example 0.35 0.3 0.2 0.15 0.35
13 Example 0.25 0.3 0.3 0.15 0.45
14 Example 0.25 0.2 0.4 0.15 0.55
15 Example 0.2 0.15 0.5 0.15 0.65
16 Comparative Example 0.2 0.1 0.55 0.15 0.7
17 Example 0.43 0.03 0.4 0.14 0.54
18 Example 0.36 0.1 0.4 0.14 0.54
19 Example 0.23 0.23 0.4 0.14 0.54
20 Example 0.1 0.36 0.4 0.14 0.54
21 Example 0.03 0.43 0.4 0.14 0.54
22 Example 0.32 0.2 0.35 0.13 0.48
23 Example 0.32 0.2 0.35 0.13 0.48
24  Example 0.32 0.2 0.35 0.13 0.48
25 Example 0.32 0.2 0.35 0.13 0.48
26 Comparative Example 0.32 0.2 0.35 0.13 0.48
27 Example 0.32 0.2 0.35 0.13 0.48
28 Example 0.32 0.2 0.35 0.13 0.48
29 Example 0.32 0.2 0.35 0.13 0.48
30 Example 0.32 0.2 0.35 0.13 0.48
31 Comparative Example 0.32 0.2 0.35 0.13 0.48
32 Example 0.27 0.2 0.4 0.13 0.53
33 Example 0.32 0.2 0.35 0.13 0.48
34 Example 0.32 0.2 0.35 0.13 0.48
35 Example 0.32 0.2 0.35 0.13 0.48
36 Example 0.32 0.2 0.35 0.13 0.48
37 Example 0.32 0.2 0.35 0.13 0.48
38 Comparative Example 0.32 0.2 0.35 0.13 0.48

Oxidation
starting Amount
Crystal Hardness temperature of Wear

B C N O  structure (HV) (° C.) (m )
C 2200 650 200

C 2800 850 125

0 0 0 C 2800 800 115
0 0 0 C 2900 950 97
0 0 0 C 3100 1150 74
0 0 0 C 3200 1250 55
0 0 0 C 3150 1250 57
0 0 0 C+H 3050 1250 68
0 0 0 A 2600 1150 135
0 0 0 C 2850 900 126
0 0 0 C 3000 1100 73
0 0 0 C 3100 1200 65
0 0 0 C 3200 1250 57
0 0 0 C 3150 1250 62
0 0 0 C+H 3100 1200 63
0 0 0 H 2700 1100 110
0 0 0 C 3250 1150 61
0 0 0 C 3200 1150 58
0 0 0 C 3150 1200 60
0 0 0 C 3100 1250 61
0 0 0 C 3100 1250 62
0 0 1 0 C 3150 1200 63
0.03 0O 097 0O C 3200 1230 60
0.1 0 0.9 0 C 3200 1250 57
0.15> 0O 0.85 O C 3100 1250 63
0.2 0 0.8 0 C+H 2800 1200 87
0 0 1 0 C 3150 1200 63
0 0.1 0.9 0 C 3150 1200 60
0 0.4 0.6 0 C 3200 1150 57
0 0.5 0.5 0 C 3250 1100 67
0 0.55 045 0O C 2750 950 88
0.05 0.1 0.35 0O C 3100 1200 63
0 0 1 0 C 3150 1200 63
0 0 0.97 0.03 C 3150 1200 61
0 0 0.9 0.1 C 3100 1250 59
0 0 0.8 0.2 C 3050 1250 62
0 0 0.6 0.4 C+H 3000 1200 65
0 0 0.45 0.55 H 2800 1050 92
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by evaporating the different alloy targets (mentioned above)

alternately. The hard coating film was formed on any of the

tollowing three substrates (work W) placed on the support.
Mirror-polished tip of cemented carbide

12

Samples Nos. 3to 12 and Nos. 23 to 31 conform to the sixth
aspect, and Samples Nos. 13 to 15 and Nos. 32 to 34 conform
to the seventh aspect. They are excellent 1n wear resistance.
Those samples having more than one laminate layers con-

Platinum fo1l (0.1 mm thick) 5 form to the eighth aspect. Samples Nos. 6 to 12 and Nos. 25
Square end mill of cemented carbide (10 mm 1n diameter, to 31, 1n which the composition and layer thickness are the
with 6 blades) same but the number of layers i1s varied, suggest that the
With the vacuum chamber 1 evacuated, the work W was coating film composed of many laminate layers, each having
heated to 550° C. by a heart therein, and the vacuum chamber a small thickness, exhibit improved hardness and oxidation
was fed with nitrogen gas. With the pressure in the vacuum resistance.
TABLE 3
Film Oxidation  Amount
Thick- Thick- Number Thick- Hard- starting of
Composition ness ness of Ness ness temperature  Wear
No. of Layer 1 (nm) Composition of Layer 2 (nm) layers (nm) (HV) (° C.) (Lum)
1 Comparative TIN 3000  none - - 3000 2200 650 140
Example
2  Comparative Tip sAly sN 3000  none — — 3000 2800 850 75
Example
3 Example Tiy sAlgy 5N 2000  (Crg sAlg 15Sig (s)N 1000 1 3000 3100 1150 33
4  Example (Tig {5sCrg>Aly )N 2500  (Cry <Al 15Si ;)N 500 1 3000 3150 1200 28
5  Comparative (Tig {sCrg-Aly ¢5)N 0.5 (Cry <Al 15Sin 1s)(Co (Ng o) 0.5 3000 3000 3100 1000 49
Example
6 FExample (Tig 15Cro > Aly cs)N D (CrysAlg 15Sig 5N 2 750 3000 3200 1250 34
7 Example (Tig sCTo-Aly cs)N 5 (CrysAlg 15Siy 15N 5 300 3000 3200 1250 27
8  Example (Tig 15Cro - Aly s )N 10 (Crg sAlg 15Sio (5N 10 150 3000 3250 1300 23
0 Example (Tig 15Cro >Aly ¢5)N 50 (Crg sAlg 15Sig (s)N 50 30 3000 3150 1250 28
10 Example (Tig 15Cro - Aly s )N 100 (Crg sAly 15Sig (5N 100 15 3000 3150 1200 32
11 Example (Tig sCTo-Aly cs)N 500 (CrgsAlg 45Sig 15N 500 3 3000 3100 1150 36
12 Example (Tig 15Cro o Aly s )N 2500  (Crg sAlg 15Sig 1s)N 500 1 3000 3100 1150 35
13 Example Ti 100 (Crg sAlg 15Sig (5N 2900 3000 3150 1100 27
14 Example Cr 50 (Crg sAlg 35Sig 15N 2950 3000 3100 1150 26
15 Example Tig sCrp s 30 (Crg <Al 15Sig ()N 2970 3000 3150 1200 24
16 Comparative (Cry3Aly ¢5Sig 0s)N 3000 — - - 3000 2900 1050 65
Example
17 Comparative (Tig sCrg oAl g5)N 3000 (Crg 1Al ¢5Sig 0s)N 3000 1 6000 2950 1050 60
Example
18 Example (Cro sAly 35Sig ()N 2500 (Crg sAlg 15Sio 15)(Og 1Ng o) 500 1 3000 2100 1100 35
21 Comparative TIN 3000 none — — 3000 2200 650 200
Example
22 Comparative Ti, sAl; sN 3000  none — — 3000 2800 850 125
Example
23 Example Tiy s Al sN 2000 (Tig+Crg-sAlg 1Sig ()N 1000 1 3000 3050 1100 69
24  Example (TigCro 1sAlg cs)N 2500  (Tig+Crg-sAlg3Sio 15)(BgaNoos) 500 1 3000 3150 1250 58
25 Comparative (Tig-Cro 15Aly s)N 0.5 (Tig+Crg-sAlg1Sig ()N 0.5 3000 3000 3050 1150 71
Example
26 Example (Tig5Cro 1sAlg cs)N 2 (Tip+Crg-sAly 1Sig ()N , 750 3000 3150 1200 58
27 Example (Tig 5Crp 1sAly «s)N 5 (Tig1CryosAlg 3Sig )N 5 300 3000 3200 1250 55
28 Example (Tig5Cro (sAly o5)N 10 (Tig 1Crg-sAlg 3Sio 15)N 10 150 3000 3150 1250 61
29  Example (TigCro 1sAly cs)N 50 (Tig 4CrgosAly 3Sin s)N 50 30 3000 3100 1150 65
30 Example (TipCro (sAly o5)N 100 (Tig1Cro-sAlg 3Sig (5N 100 15 3000 3050 1100 68
31 Example (Tig 5Crp 1sAly <5 )N 500 (Tig 1Cry-sAly 3Sig ()N 500 33000 3000 1100 72
32 Example Ti 100 (Tig+CrgosAly 1Sig ()N 2900 1 3000 3150 1200 58
33 Example Cr 50 (Tig 4CryosAly 4Sin s)N 2950 3000 3150 1200 57
34  Example Tigy sCro s 30 (Tig sCryosAly 5Sin s)N 2970 3000 3150 1200 58
35 Example (Tig 1Cr 5sAly 3Sig s)N 2500 (Tig4Cry-sAly 1Sig 1)(Og (Noo) 500 3000 3100 1150 57

chamber 1 kept at 4 Pa, arc discharging was started to form a
laminate coating film (3 um thick) on the surface of the
substrate (work W). (There are two exceptions 1n which one
single coating film was formed or one 6-um thick coating film

was formed.) Those coating films containing C and O were
tformed by feeding the vacuum chamber with CH, and O,,
respectively. Incidentally, a bias voltage of =30V to =100V
was applied to the substrate (work W) so that the substrate

(work W) remained at a minus potential with respect to the
carth potential during the coating process.

The resulting coating films were examined 1in the same way
as in Example 1 (for Samples Nos. 1 to 18) and Example 2 ({or
Samples Nos. 21 to 35) The results are shown 1n Table 3.

60

65

Example 4

Coating on substrates was carried out in the same way as 1n
Example 1 by using the AIP apparatus shown in FIG. 3 which
was equipped with the sputtering or arc evaporation source
(shown in FIGS. 1 and 2) according to the present invention or
the conventional evaporation source (not shown). The target
used for coating 1s composed of Cr, Al, and S1, or Ti, Cr, Al,
and S1. Coating by arc process was carried out under the same
conditions as 1 Examples 1 and 2. Coating by sputtering
process was carried out in the following manner. First, the
substrate (work W) 1s heated to 550° C. by a heater in the
vacuum chamber. Then, the vacuum chamber 1s fed with an
argon-nitrogen mixture gas (with nitrogen accounting for 35
vol %). With the pressure 1n the vacuum chamber 1 kept at 0.6




Pa, sputtering was started for coating. The samples of coating
f1lm were examined 1n the same way as 1n
(Samples Nos. 1 to 18 pertaining to

13

Nos. 21 to 38 pertaining to Example 2).

It 1s apparent from Table 4 that those samples prepared by
either sputtering or arc process according to Examples 1 and
2 are superior to conventional samples 1in crystal structure,

hardness, oxidation starting temperature, and amount of

Examples 1 and 2
Example 1 and Samples

wear, when the target of the same composition was used.

TABLE 4
Type of Crystal
No. evaporation source Composition of coating structure
1 Sputter (conventional) TIN C
2 Arc (conventional) Tip sAly sN C
3 Arc (present invention) (Crg 58l 3515 15N C
4 Arc (present invention) (Crg sAlp 3815 5)N C
5 Arc (present invention) (Crg 4s5Alg 4815 15)N C
6 Arc (present invention)  (Cry,sAlp355155)N C
7 Arc (conventional) (Crg 58l 3515 19N C
8 Arc (conventional) (Crg 5Alp 35195)N C
9 Arc (conventional) (Crg asAlg 4515 (5)N C+H
10 Arc (conventional) (Crg 4s5Alp 3559105)N C+H
11 Sputter (present invention) (Crg sgAlp 3515 19)N C
12 Sputter (present mnvention) (Crg 5Alp 3516 5)N C
13 Sputter (present invention) (Crg 45Al5 4515 (5)N C
14 Sputter (present invention) (Crg 45Alp 35519 5)N C+H
15 Sputter (conventional) (Crp 58Alp 3816 ()N C
16 Sputter (conventional) (Crg 5Alp 3519 5)N C
17 Sputter (conventional) (Crg 45Al5 4515 ()N C+H
18 Sputter (conventional) (Crg 454l 355195)N C+H
21 Sputter (conventional) TIN C
22 Arc (conventional) Ti5 sAly sN C
23 Arc (present invention)  (Tip3Crg5eAly 3515 (5)N C
24 Arc (present invention) (Tig 55Crg 55Al5 3515 5)N C
25 Arc (present invention) (T155Crg 55Alp 4516 15)N C
26 Arc (present invention) (T155Crg >Alp 4816 5)N C
27 Arc (conventional) (T1g 3Crg 58 AlLG 3515 12N C
28 Arc (conventional) (T1g55Crg 55Al0 3515 5N C
29 Arc (conventional) (T155Crg55Al0 4516 (s )N C+ H
30 Arc (conventional) (T1g 5Crp Al 4516 5)N C+H
31 Sputter (present invention) (T1,3Crg-gAly 3515 (5N C
32 Sputter (present invention) (T1g55Crg >s5Alg 35165 5)N C
33 Sputter (present mvention) (Tig5Crg55Alp 4516 15)N C
34 Sputter (present mnvention) (11, 5Crqg Al 4515 5)N C+H
35 Sputter (conventional) (T1g 3Crg 58 Alp 3515 15N C
36 Sputter (conventional) (T1g 55Crg 55Alg 3515 5)N C
37 Sputter (conventional) (T155Crg55Al0 4516 (s )N C+ H
38 Spuftter (conventional) (T1y5Crg ALy 48155 N C+H

What 1s claimed 1s:

1. A hard coating film [to be applied to the surface of a tool,
wherein the hard coating film has] comprising at least one

Hardness

(HV)

2000
2800
3150
3250
3150
3100
3100
3150
3100
3050
3150
3200

3050
3000
2000
2800
3100
3200

3050
3000
3100
3150
3050
3050
3050
3100
3000
3000

first layer having a composition of (Cr,___, Al S1,) (B,C N

xy), where a, b, X and y are atomic ratios and

0<a=0.4,
0.05=b=0.35,
0.25=1-a-b=0.9,
0.03=x=0.15, and
0=vy=0.5; and

the hard coating film has [the] a crystal structure of rock

salt and does not include an amorphous phase.

2. A hard coating film [to be applied to the surface of a tool,
wherein the hard coating film comprises a single] comprising
at least one first layer having a composition of (M, ___, Al S1,)
(B,C,N,_..,), where a, b, X and y are atomic ratios and

0.05=a=0.3,
0.1<b=0.35,
0=x=0.15,
0=y=0.5,

M denotes the presence of both T1 and Cr, and
an atomic ratio of T1 in (M,___,Al_S1,) 1s 1n a range of

from 0.03 to 0.43.

5

US RE44,414 E

14

3. The hard coating film defined in claim 1, [which con-
tains]| wherein the at least one first layer comprises oXygen.

4. The hard coating film defined in claim 2, [which con-
tains]| wherein the at least one first layer comprises oXygen.

5. The hard coating film defined in claim 3, [which has the]
wherein the at least one first layer comprises a moiety of
(B,C,N,_.,..O,), where

0.03=x=0.15,

0=y=0.5,

Oxidation starting Amount of wear

45

50

55

60

65

temp (° C.) (Lm)
650 140
350 75

1100 31
1200 25
1250 24
1250 27
1100 37
1200 31
1200 29
1250 33
1050 34
1150 27
1200 26
1200 34
1000 41
1100 38
1150 29
1150 37
650 200
%50 125
1150 65
1200 55
1200 57
1250 61
1100 69
1150 61
1200 63
1200 69
1100 65
1150 59
1150 61
1200 63
1050 72
1100 69
1150 69
1150 72
0<z=0.5, and

0.35=1-x-y-z<1.

6. The hard coating film defined in claim 4, [which has the]
wherein the at least one first layer comprises a moiety of
[(BnyNl—x—yOz)] (B IC_VN ¥ —x—y—zoz)ﬂ Wher C

0=x=0.15,

0=v=0.5,

0<z=0.5, and

0.35=1-x-y-z<1.

7. The hard coating film defined in claim 1, [which]
wherein the at least one first layer comprises two or more first
layers differing in composition [within the specified range].

8. The hard coating film defined in claim 2, [which]
wherein the at least one first layer comprises two or more first
layers differing in composition [within the specified range].

9. The hard coating film defined in claim 3, [which]
wherein the at least one first layer comprises two or more first

layers differing in composition [within the specified range].
10. The hard coating film defined in claim 4, [which]

wherein the at least one first layer comprises two or more first

L ] [T

layers differing in composition [within the specified range].
11. The hard coating film defined in claim 1, [which has]

further comprising an [additional] at least one second layer
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on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6 A, Al, and Si, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard
coating film [defined abovel].

12. The hard coating film defined in claim 2, [which has]
further comprising an [additional] at least one second layer
on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6A, Al, and Si, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard
coating film [defined abovel].

13. The hard coating film defined in claim 3, [which has}
further comprising an [additional] at least one second layer
on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6 A, Al, and S1, with [their] a composition differing from
[that] t2e composition of the at least one first layer of the hard
coating film [defined above].

14. The hard coating film defined in claim 4, [which has}
further comprising an [additional] at least one second layer
on one side or both sides [thereot] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6 A, Al, and Si, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard
coating film [defined above].

15. The hard coating film defined in claim 5, [which has}
further comprising an [additional] at least one second layer
on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,

and 6 A, Al, and Si, with [their] a composition differing from
[that] te composition of the at least one first layer of the hard
coating film [defined abovel].

16. The hard coating film defined in claim 6, [which has}
further comprising an [additional] at least one second layer
on one side or both sides [thereot] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6 A, Al, and Si, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard
coating film [defined above].

17. The hard coating film defined in claim 7, [which has}
further comprising an [additional] at least one second layer
on one side or both sides [thereot] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,

16

and 6A, Al, and Si, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard
coating film [defined abovel].

18. The hard coating film defined in claim 8, [which has]

5 further comprising an [additional] at least one second layer

10

on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one secondlayer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6 A, Al, and Si, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard

coating film [defined abovel].
19. The hard coating film defined in claim 9, [which has]

15 further comprising an [additional] at least one second layer

20

on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one second layer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6 A, Al, and Si, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard
coating film [defined abovel].

20. The hard coating film defined in claim 10, [which has]

25 further comprising an [additional] at least one second layer

30

35

40

45

50

55

60
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on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one secondlayer [being formed
from] comprising any of nitride, carbide, boride, carboni-
tride, carboboride, boronitride, and carboboronitride of a
metal selected from the group consisting of Groups 4A, SA,
and 6 A, Al, and S1, with [their] a composition differing from
[that] the composition of the at least one first layer of the hard
coating film [defined abovel].

21. The hard coating film defined in claim 1, [which has]

further comprising an [additional] at least one second layer

on one side or both sides [thereof] of the at least one first
layer, the [additional] at least one second layer being a metal
layer or an alloy layer [containing] comprising at least one

species of a metal selected from the group consisting of
Groups 4A, 5A, and 6A, Al, and S1.

22. The hard coating film defined in claim 11, [which has}
wherein the at least one second layer comprises two or more
[additional] second layers.

23. The hard coating film defined in claim 21, [which has]
wherein the at least one second layer comprises two or more
[additional] second layers.

24. A method for forming a hard coating {ilm, the method
comprising coating on a work the hard coating film defined 1n
claim 1 by an unbalanced magnetron sputtering method or a
cathodic arc 1on plating method that employs a mechanism to
apply a magnetic field.

25. A method for forming a hard coating film, the method
comprising coating on a work the hard coating film defined 1n
claim 21 by an unbalanced magnetron sputtering method or a
cathodic arc 10on plating method that employs a mechanism to
apply a magnetic field.

26. The method defined in claim 24, the method further
comprising generating a line of magnetic force which 1s
approximately normal to [a target’s] an evaporating surface of’
a target and 1s parallel or extends slightly outward with
respect to a perpendicular line of the [target’s] evaporating
surface of the target, the magnetic force readily converting a
film-forming gas into plasma 1n a neighborhood of the work
being coated.

27. The method defined in claim 25, the method further
comprising generating a line of magnetic force which 1s
approximately normal to [a target’s] an evaporating surface of’
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a target and 1s parallel or extends slightly outward with
respect to a perpendicular line of the [target’s] evaporating
surface of the target, the magnetic force readily converting a
film-forming gas into plasma 1n a neighborhood of the work
being coated.

28. A hard coating film [to be applied to the surface of a
tool, wherein the hard coating film has] comprising at least
one layer having a composition ot (M,_, ,Al 51,) (B,.C N, _
xy), where a, b, X and y are atomic ratios and

0.05=a=0.5,
0.1<b=0.35,
0.035=x=0.15,
0=vy=0.3, and

M denotes T1 and Cr; and

the hard coating film has [the] a crystal structure of rock

salt and does not include an amorphous phase.

29. A hard coating film [to be applied to the surface of a
tool, wherein the hard coating film comprises] comprising at

least one first layer and at least one second layer laminated »g

[alternatively;] alternately, wherein
the first layer has a composition including T1, Cr, Al and N;
and

10
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the second layer has a composition of (M,___,Al S1,) (B,
C,N,_.,), where a, b, x and y are atomic ratios and
0.05=a=0.3,
0.1<b=0.35,
0=x=0.15,
0=vy=0.5,

M denotes T1 and Cr, and

an atomic ratio of Tiin (M, ___, Al_S1,)1s 1n a range of from
0.03 to 0.43.

30. A hard coating film comprising at least one first layer

and at least one second laver laminated alternately, wherein

the first layer has a composition including 1i, Cr, Al and N;
and

the second layer has a composition of (M ,__, Al Si,) (B.-
C.N,...), where a, b, x and y are atomic ratios and

0.05=a=0.5,

0.1<b=0.35,

0=x=0.15,

0=y=0.)5,

M denotes 11 and Cr, and

an atomicratioof Tliin (M ,___, Al Si,) is in a range of from
0.03 to 0.43.
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