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(57) Abstract: A wear resistant multilayer nitride
hard coating (2) for substrates (6). The hard coaling
2 (2) includes a first layer (4) of titanium aluminum ni-
tride and a second layer (8) comprising a plurality of
sublayer groups (10a). Each sublayer group (10a) in-
cludes a first sublayer (12) of titanium silicon nitride
and a second sublayer (14) of titanium aluminum ni-
tride. The composition of the titanium aluminum ni-
tride, both in the first layer (4) and in the sublayer
groups (10a)5 is (TixAlix)N, wherein 0.4 < x < 0.6,
The composition of the titanium silicon nitride sub-
layers (12) is (TiySiiy)N, wherein 0.85 < y < 0.98,
and all of the silicon is in solid solution in the titani-
um silicon nitride such that no silicon phase or sili-
con nitride phase exists in this sublayer (12). The
combined amount of aluminum and silicon present in
the sublayer groups (10A) is narrowly controlled
6 such that the sum of x and y is in the range of 1.38 to
1.46.
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Multilayer Nitride Hard Coatings

Field of the Invention
{0001} The mvention relates to multilayver nitride hard coatings for substrates.  More

particularly, the fnvention relates to bard coatings having a first layer of titaniim aluminum
nifride and a second laver comprising groups of alterpating sublavers of titanium silicon
pitride and tianium alominum nitride.  The mvention also relates W coated articles having

such hard coatings and to methods of raaking the hard coatings and the hard coated articles.

Rackeround of the Invention

{3002] For several decades, hard coatings have been applicd to various types of articles to
improve their resistance to wear I order to extend their operational lives. Hard coatings are
commonly applied to cutting tools and wear-resistant components. Over the vears, a grest

deal of effort has gone into the discovery of new hard coatings with fraproved properties,

{003] For example, U.S. Patent No, 7,060,345 to Fukui gt al. teaches a hard coating which
comprises one or more first layers composed of a lubricating compound selected from
nitrides, carbides, carbomitrides, oxynifrides and carbonitrides of titanium silicon, and one or
more second layers of 8 hard compound selecied from the nitrides, carbides, and
carboniirides of a metal selected fom the titanium, chromivm, and & thanium chromium
alloy. The first and second layers may be repestedly deposited one upon the other o make up

& hard coating made up of a plurality of alternating lubricating and hard layers.

{9804] U.S. Patent No. 6,586,122 to Ishikawa et al. also teaches the use of a multilayer hard
coating on a cufting tool  In this case, the multilayer hard coating includes a first laver
coraprising one or metalic clements selected from the group consisting of titanium,
aluminum, and chrominm, and one or more now-metallic clements selected from the group
consisting of nitrogen, boron, carbon, and oxygen, and a second laver comprising silicon and
one or more metallic clements selected from the group consisting of metallic elements of
Oroup 4a, 3a, and 6a of the Peripdic Table, and aluminum, and one or more nonreiaiie
clements selected from the group consisting of nitrogen, boren, carbon and oxvgen. This
second laver has a siructure in which a siliconerich phase iz dispersed m a matrix phase
containing a relatively small amount of silicon. The silicon-rich phase may be amorphous or

crystaliine silicon nitride or sibicon snd i formed by using a substrate temperatire in the
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range of about 300 to 500 °C in conjunction with a subsirate bias voltage thai pericdically
changes between different levels of negative voliage or between positive and negative

voliages.

[B005] Similarly, Japanese Unexamined Palent Publication 2000-334606 teaches g
nmitilayer hard coating in which the hard coating comprises alternating layers of titanium
alurninues nitride and titanium silicon nitride.  The tanium aluminum nitride layers contain
44 to 75 atom percent alomivum. The iftantom silicon nitride layers contain 10 to 60 atom
percent silicon. The titanium silicon nitride layers contain independent phases of silicon and
silicon nitride. A companion to this application, ile., Japansse Unexamined Patent
Publication 2000-334607, contains feachings of abmost wdentical hard coutings, except it
makes no mention of independent phases of silicon or silicon nitride. Instead, it describes the
titaninm silicon nitride layer as having a sodium chloride crystal structure, even though the
hard coating compositions disclosed in this application are the same as those disclosed in #s
companion application. Comparing the two companion applications, It appears that the
substrate-biasing voltage applied during the physical vapor deposition of the hard coatlngs is
what is used to control the structure of the titanium silicon nitride coating. A low value
negative bias voliage {-30 V) is used to create tianium silicon nitride lavers which contaln
ndependent phases of silicon and silicon nitride, whereas a much higher negative bias
voltage (-100 V) i3 used fo create tétanium silicon nitride layers having only the sodium
chloride crystal structure. In both applieations, the bard coatings are formed using substrate

temperatures of no greater than 400 °C.

[G886] Nonetheless, as production rates increase and efforts lo provide wanufacturing
econosnic sfficiencies intensify, there continues 10 be a need for longer-lasting, more wear
resistant cutting tocls and wear components. It is an object of the present Invention to

address that nesd.

Summary of the Invention
[0087] The inventors of the present invention discovered a hard coating that has surprisingly
improved wear resistance. The present nvention provides a hard coating comprising a first
layer of titanium alumwinum nitride and a second layer comprising g plurality of sublayer
groups. Each of the sublayer groups comprises a first sublayver of titanium silicon nitride and

a second sublayer of titanium aluminum nitride. The composition of the titaniom aluminum



WO 2011/149580 PCT/US2011/029153

nitride, both in the first layer and in the sublayer groups, is given by the formula (THALLON,
wherein 0.4 < x £0.6. The composition of the titanium silicon nitride sublayers is given by
the formuda {(T3,51, N, wherein 0.85 <y <098, The inveniors of the present invention have
made the surprising discovery that the improved wear resistance of the hard coating is
dependent on the combined amount of aluminum and silicon present in the sublayer groups

being narrowly controlled such that the sum of x and y is in the range of 1.38 to 1.46.

{0608] The present invention also includes articles comprising such hard coatings and .

methods of making the hard coatings and the hard coated articles,

Briet Description of the Drawings
{00091 The criticality of the features and merits of the present nvertion will be better
understood by reference to the attached drawings. It Is to be understoad, however, that the
drawings are designed for the purpose of illusiration only and not as definitions of the limits

of the present invention.

{0010} FIG. 1 18 8 schematic drawmg of a hard coating aceording to an embodiment of the

present mvention,

[8011] FIG. 2 is a schematic drawing depiciing three sublayer groups of the second layer of

the hard coating of FIGU 1,

[0812] FIG. 3 i a photomicrograph taken by transmission electron microscopy of a cross-

section of a hard coating aceording to an embodiment of the present invention.

(B3] FIG 4 15 g photomicrograph taken at a higher magnification of the second layer of

the hard coating of FIG. 2.

(8814} FIG 5 is a piot of the Test No. 1 tumning tool life results as a function of the sum of

the x in the formula (THALLN and of the v in the formula {TH,31,)N.

[8015] FIG. 6 15 a plot of the Test No. 2 turning too! ife results as a function of the sum of

the x in the {formula (THALLON and the v in the formuda (TiS1 N,
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Pescerivtionof Preforred Embodimenis of the Invention

{6} In this section, same preferred embodiments of the present invention are described in
detail sufficient for one skilled in the art to practice the presemt invention. [t is to be
undersiood, however, that the fact that a limited number of preferred embodiments are
described herein does not in any way imit the scope of the present invention as set forth in

the appended claims.

817} Referring 1o FIG. 1, there is shown a schematic representation of a hard coating 2
sccording to an embodiment of the preseat invention. As shown, the hard coating 2 consists
of a first laver 4 attached to a subsirate § and g second layer 8. The second layer & comprises
2 plurality of adjacently stacked sublayer groups, e.g., sublaver groups 18a, 10b, 18¢, shown
m FIG. 2. Each such sublayer group, e.g., sublayer group 18a includes a first sublayer 12 and

a second sublayer 14

{0818] The composition of the first layver 4 and each second sublayer 14 is tdanium
shumnum nitride of the formula (TLALLN, wherein 0.4 < x <0.6. Nonetheless, i is to be
understood that the composition of the first layer need not be identical to that of any
particular titaniurn aluminom mitride sublayer. To help avoid confusion, in the claims, the
composition of the first laver is denoted i the claims by the formula (TiALL N wherein 0.4
sz =6, Additionally, it 15 to be understecd that the compositions of the titanium aluminum
nitride sublayers need uot be klentical with one anmother. Tianium alumimom nitride
compositions outside of this range have inferior hardness and internal stress levels, The first
layer 4 and sach second sublaver 14 have erystal structures which are face centered cubic ora

combination of face centered cubic and hexagonal close packead.

[0019] The composition of each sublayer 12 is titanium silicon nitride of the formula (TS
N, wherein 0.85 <y <0.98, Nonetheless, it is to be understood that the compositions of the
titanium silicon nitride sublayers need not be identical with one another. Titanium silicon
oitride compositions having less silicon have inferior hdrdness levels, whersas those having
greater silicon levels are prone to the formation of secondary phases of amorphous silicon
and/or silicon nitride, both of which have deleterious effects upon the toughness of the hard

coating.
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{0028] The inventors of the present invention have made the surprising discovery that the
wear resistance of the hard coating depends on the combined amount of aluminum and silicon
present in cach of the sublayer groups. Muore particularly, they have found that the sum the x
i the formula (THALLON and the y in the Srmula (TL81. N, is © be controlled within the
marrow range 1.3% to 1460 Sums above and below this range give inferior levels of wear
resistance. Preferably, the sura 15 between 1.39 and 145, in order o further optimize the

wear resistancs,

[0821] The thickness of hard coatings according o the present invention are preferably in
the range of between about 1 to ghout 10 microns, and more preferably m the range of
between about 2 to about & microns. Preferably, the first layer of the hard coating comprises
between about 20 and &0 percent of the total thickness of the hard coating, Relative first
fayer thicknesses cutside this range provide inferior combinations of adhesion and wear

resistance to the hard coating.

{80221 The thicknesses of the individual sublayers of the second sublayer groups of the hard
coatings of the present invention are prefersbly in the range of abowt 1 W about 15
nanometers. For lesser thickoesses, it is difficull fo maintain the stability of the sublayer..
The ratio of the thicknesses of the first and second sublayers within a sublayer group is
preferably i the range of about 0.2 to about 2 50 as to provide the hard coating the optimum
combination of hardness and toughness. The numerical value of this ratio may be the same

o1 vary from sublayer group to sublayer group.

{8023} The sublayer group thickness in bard coatings of the present Invention is preferably
in the range of fom about 2 to about 20 nanometers, and more preferably in the range of
about 3 {o about 10 nanometers. The sublayer group thickness may vary from sublayer group
to sublaver group. Sublayer group thicknesses outside of these ranges are subject o the
difficuities described above {or the sublayer thicknesses outside of their preferred ranges.
The thicknesses of the sublayer groups in combination with mumber of sublayer groups help
to determine the overall thickness of the second layver. In some preferred embodiments, the

number of sublaver groups is 200 or more.

{0024] Relerring to FIG. 3, there is shown a transmission electron microscopy

photomicrograph of a cross-section of & hard vosting sccording to an embodiment of the

(¥
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present invention.  Abthough it is difficult to discern in this photomicrograph, the lower
peortion of the hard coating 2 is a single-layer first layer 4 of titaniun: aluminum nitride and
the upper portion is a multilayer second layer 6 consisting of a pluality of sublayer groups
having a sublayer of titanium silicon nitride and a sublayer of titaniun aluminum nitride,
=] o .
FIG. 4 shows the multilayer second laver 8 shown in FIG. 3 at a higher magnification so that
y ¥ g
the mdividual first and second sublayers 12, 14 ave discernable. In this embodiment of the

present juvention, each sublayer group 18 is approximately 3 nanometers thick.

[B8I5] It s within the contemplation of the present invention that layers or sublayers in
addition to those described above may be included in the hard coating. For example, a layer
or sublayer may be interposed between the substrate and the first layer of the hard costing.
Additional layers or sublayers may be deposited over the second layer of the hard coating.
These additional layers or sublayers may be of any desired thickness and composition.
Preferably the thicknesses of such additional layers is in the range of 50 io 600nancmeters
and the thicknesses of such additional sublavers s in the range of 10 v 1000 nanometers,
The compositions of such additional lavers and sublavers are preferably T4 Cr, TiN, TIAIN,
CrN, TIAKCeN, AICHN, TiSIN, TIAISIN,AICrSIN, and TIAICSIN.

[0026] The present wvention also inchwdes articles having the inventive hard coatings
described above. The articles are preferably machining tools and wear resistant components,
but may be any kind of article known to persons skilled in the art to which & physical vapor
deposited hard coating may be beneficial for exlending its service life by improving Hs
oxidation resistance andfor resistance to wear. The articles preferably comprise cernented
tungsten carbides, cermets, steels (especially high-speed stesls), ceramics, cubic boron
uitride, polycrystalline diamond, silicon nitride, aluming, and shuninum nitride-titantum.
Hiustrative exsmples of such articles include drills, end mills, indexable inserts for ruilling or
turning, metal slitting saws, gear cutting tools, reamers, taps, and sublerranean drill bits and

punches, die, and mokl,

{ﬁﬁi’?} The present invention also inchudes methods of meking having the inventive hard
coatings described above. Such methods comprise the steps of physical vapor depositing on
a surface a first layer of titanium sluminwm nitride and then physical vapor depositing upon
the first laver a plurality of sublayer groups, each of which has of a first sublaver of tianium

silicon niiride and a second sublayer of titantum aluminum nitride, such that the overall



WO 2011/149580 PCT/US2011/029153

thickness of the hard coaling is between about 1 and 10 microns, the fiest layer makes up
about 20 to 60 percent of the overall thickness, and each group of sublayers is between about
2 and 20 nanometers thick. The ratio of the thicknesses of the first and second sublayers
within a sublayer group is preferably i the range ofabout 4.2 {0 about 2. The thicknesses of
the aliermating sublayers of titaniuw silicon nitride and thienium aluminum nitride of the
sublayer groups of the second layers of the hard eocatings may be controlled by adjusting the
substraie rotation speed, and the target evaporation rates. The compositions of the thanfuny
ahuoinum nitride layers and sablayers and of the titanium silicon nitride sublayers are those
described above with regard to the inventive hard coating. Any physical vapor deposition
process known to persons skilled in the art may be used, but the magnetron sputiering and
cathodic arc evaporation processes are preferred. The surface upon which the fust laver is
deposited may be that of the substrate or another coating that has been applied to the
substrate. The method may also comprise depositing one or more additional layers or
sublayers above or below the first and second layers. Examples of such additional layers
have already been described in the discussion of additional layers or sublayers which may be

part of the inventive hard coating.

[8028] The present nvention alse includes methods of making the inventive coated articles

escribed above. Such methods comprise the steps of providing the article 1o be coated,
physical vapor depositing upon at least a portion a eurface of the article a first laver
comprising titanium aluminum nitride and then physical vapor depositing upon the first layer
a plurality of sublayer groups, cach of which has of g first sublayer of tifanium silicon nHride
and 2 second sublaver of tftanium aluminum niiride, such that the overall thickness of the
hard coating is between about 1 and 10 microus, the first layer makes up about 20 o 60
percent of the overall thickness, and ecach group of sublayers is between about 2 and 20
napometers thick. The ratic of the thicknesses of the first and second sublavers within a
sublayer group fs preferably in the range of about 0.2 to abowt 2. The compositions of the
titamium. aluminom nitride layers and sublayers and titsnium silicon nitride sublayers are
those described above with regard to the inventive bhard coating.  Any physical vapor
deposition process known to persons skilled in the st may be used, but the magnetron
sputtering and cathodic are evaporation processes are preferred. The surface upon which the
first layer is deposited may be that of the substrate or ancther coating that has been applied {0
the substrate. The surface, or any portion thereof, of the article to which the hard coating is

deposited voay already have a coating such that the hard coating is deposited upon that

~}
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coating. The method may also cowmprice depositing one or more additional layers or
sublayers above or below the first and second lavers. Examples of such additional layers
have already been described in the discussion of additional layers or sublayers which may be

part of the inventive hard coating.

EXAMPLES

{0825] Examples of hard coatings of the present invention which are identified in Table 1 as
Examples 1+7.  These hard coatings were physical vapor deposited by the cathodic arc
evaporation process upon cemented carbide {WC-Co) using substrgte temperature of 450 ©
350 ° C and biasing voltage of ~40 o -60 V. Each sublaver proup of the second layer had a
thickness of about § nanometers and a ratio of the thickness of the titanium silicon nitride

layer 1o the thickuess of the titaniwm sluminum nitride of approximately 0.47.

[B0306] For comparison, a commercial titaniom aluminum nitride unilayer hard coating was
deposited under similar conditions. The characteristics of this hard coating are reported in
Table 1.
samples of the first layers and the second layers using scanning electron microscopy with

electron dispersive spectroscopy at 20 keV.

TABLE |

The chemical compositions reported in Table 1 were measared on representative

First Layer Seeond Layer
. First Sublayer Second Sublayer
First Second
Layer First Second Layer Hard
Thickness Sublayer Sublayer | Thickness | cvating
{am)} Thickness Thicknass (nm} Thickuess
12 Ti Al Ti Si {nm) T Al {nm} {rm)

Ex. 1 10821048 | ~9700 088414 3.4 052 | 0.48 16 =1 700 34
BEx.2 | 0401 0.51 ~4708 088 | 3.4 .48 | 8.51 1.8 ~17E0 3.4
Ex.3 | 0582048 ~1700 | 083 007 3.4 .52 | 848 1.8 ~1700 34
Ex.4 1048 G5 ~1700¢ | 0.83 | 0.07 3.4 0,48 ] 0.5 1.8 ~1700 3.4
Ex.b 1047 10531 ~1700 | 8.8%§ 011 3.4 (.47 | .53 1.8 ~17 00 3.4
Ex. 6 (04710531 ~1700 1083007 3.4 047 | 058 1.8 ~1700 3.4
Ex.7 (047 10531 ~1700 (0871003 3.4 0.47 | .83 1.8 ~1700 34
Domms | 04 [ DB1 | ~3400 | - - - - - G 34

{8031] X-ray diffraction at 45 keV was used to determine the crystal siruciure of the first
layers and 200 keV travamission eleciron microstopy selected area diffraction {(emploving a
selected area of 1.5 microns) was used to determine the crvetal structure of the the second

layers. In each case, the analysis was done on a representative sample of the relevant first or




WO 2011/149580 PCT/US2011/029153

second laver. No rings or patterns mmdicating independent amorphous or crystalline silicon or
silicon nitride phases wers detected in the samples of the second layers. The samples of the
first layers of Examples 1-4 were determined to be all face centered cubie, while those of
Examples 5-7 were fHund to be a mixture of face centered cubic and hexagonal close packed.
The comparative sample was found to have a crysigl structure of a mixtore of face centered

cubie and bexagonal close packed.

[0632] The hardness of the hard coatings was measured by the nanoindentation method
according to 180 14577, The results of the measurements are presented in Table 2. As can
be seen, cach of the hard coatings of the present invention is significantly harder than the

comparison hard coating.

TABLE 2
Hard Hard
coating couting
i Hardness
{GPa)
i 3240
3 321
3 318
4 321
4 313
& 308
7 336
Comp, 28.3

{6033] Metal cutting tests were performed using the conditions identified to evaluate the
cutting performance of the hard cogtings. Turning tests were conducied using the conditions
reported tn Table 3 to evaluate the performance of the hard coatings under continuous cutting
conditions.  Face milling tests were conducted to evaluate the performance of the hard
cogtings under interrupted cutting conditions.  The conditions for the face milling tests are
given i Table 4. Table 4 also presents the sum, x + v, for the second layer subgroups for

Examples 1-7.



WO 2011/149580 PCT/US2011/029153
TARBLE 2
Depth of
Workpiece Insert Siyvle Speed Feed Cut Conlant End of
Test Matorial {m/ser) {fmmirev.} {ram) Conditions Life
Mea. Criterion
i 304 stainloss | CNMOG432MP 3.556 {.254 2.432 Flood Flank wear
steel excesds
0.3048 wmim
2 4140 steed | ONMG432MP 3.048 $3.3048 1.018 Flood Flark wear
exgeeads
3.3¢48 mm
TABLE 4
Axial
Feed Depth | Radind
Miler per Taol of Pepth Hod of
Test | Workpieee | Imsert | Cutter Speed | Tooth | Dhal Cut | of Cat | Coolant Life
Mo, | Miaterial Style Body fmisec) | {mim) | {mm) | (mm) | {mwm) | Conditions | Criterion
3 304 HMPI- | KSHR- | 24984 | 01324 | 1061 | 3.00 | 0.9 Dy Flank
Stainless GBS 0634~ wear
Steel ANEN- | 06RS-~ excoeds
Gp 45HN- (3.4064
08 oun

{6834] The results of these tests are given in Table 5. As can be seen in that table, the hard

coatings of the present invention exhibit improvements in tool life over the comparison hard

coating in both turning and milling. The results of the turning tests, Test MNo. 1 and Test No.

2, are plotted in FIGS. § and 6, respectively, as a function of the sum the X in the formuls

{(TiAlL)N and of the ¥ in the formula (T84, )N. The plots illustrate that this sum strongly

influences the tool Hife. From the trends established in these plots, i is apparent that the tool

life of the hard coating is surprisingly better when the sum is inv the range of 1.38 1o 1.46.

TARBRLE S
Sum of Test Mo, | Test No. 2 TestNa 3
XY Tool Life Tool Life Toef Life
i for Second {minutes) {minutes) {mimutes)
Layer
Subgroups
Example 1 31 32.1 259 {nol tested)
Brample 2 1.38 27, 17.4 {not tested)
Example 3 143 283 228 12
Example 4 142 354 287 g
Example 3 .36 {not tested) 17.8 {not tested)
Example 8 .44 {riot tested) 23.6 (sl teated)
Example 7 1.44 {not tegted) 287 {not tesied)
Comparison | (ot spplicahie) 12.5 18,328 8 6.9
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[0035] While only a few embodiments of the present invention have been shown and
described, it will be obvious o those skilled in the art that many changes and modifications
may be made thereunto without departing from the spirit and scope of the present invention
as described in the following claims.  All patent applications, patents, and all other
publications referenced herein are incorporated herein in thelr entireties to the full extent

permitied by law.

11
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What s clamed i

1. A hard coating (2) for a substrate {6} comprising:
a first layer (4) comprising (TLALL N, wherein 0.4 <z < 0.§; and
a second layer (8) having a plurality of sublayer groups (10a), cach sublayer group
comprising a first sublayer (12} of (15,8110, wherein 085 < v £ 0.98, and a second
sublayver {(14) of (THLALLON, wherein 0.4 <x<0.6;

wherein neither a pure silicon phase nor a pure silicon nitride phase is present in the

first sublayer (12) and the sum of x and ¥ s in the range 0 1.38 v 1.46.

2. The hard coating (2} of clairn 1, wherein the first layer (4) accounts for 20 to 60 percent of

the overall hard coating thickness.

3. The hard coating (2) of claum 1, wherein the thickness of gach sublayer group (104) is in

the mange of 3 to 20 nm.

4. The hard coating (2} of claim 1, wherein the ratic within each sublayer group (10a) of the
thickness of the first sublayer (12} to the thickness of the second sublayer (14) is in the range

of .20 2.0

5. The hard coating (12} of claim 1, wherein the sum of ¥ and v is in the range of 1.39 w©

i.45.

6. A hard coated article (8) conywising:
an article (&) having a surface; and
a hard coating {2} covering at least a portion of the surface of the article (6), the hard coating
(2} having:
g first layer (4) comprising {TEALLIN, wherein 0.4 <2 <0.6; and
a second layer (8) having a plurality of sublaver groups {10a), each sublaver group
{1¢ta) comprising & first sublayer (12) of (Ti,8h, )N, wherein 0.85 £y < (.98, and 2

second sublayer (14) of (Ti, AN, wherein 0.4 < x 2 0.6;
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wherein neither a pure silicon phase nor a pure silicon nitride phase is present

it the first sublayer {12} and the sura of x and v is in the range of 1.38 o [.46.

7. The hard coated article (6) of ¢laim 6, wherein the first laver {4} accounts for 20 to 60

percent of the overall hard soating thickness,

8. The hard coated article (6} of claim 6, wherein the thickness of each sublaver group (10a)

is 11 the range of 3 t0 20 nm.

8. The hard coated article of claim &, wherein the ratio within cach sublayer group (102) of
the thickness of the first sublayer (12) to the thickness of the second sublayer (14) is in the

range of 0.2 10 2.0,

10. The hard coated article (6} of claim 6, wherein the sum of x and v is in the range 0f 1.39

to E.45.

Il The hard coated article (6) of claim 6, wherein the article (8) is one selected from the-

group consisting of cutting tool and a wear component.

12, The hard coated article (6) of claim 6, wherein the article (8) is one selected from the
group consisting of drills, end mills, indexable inserts for milling or tuming, metal slitting

saws, gear cutting foois, reamers, faps.

13. The hard coated article (6) of claim 6, wherein the article (8) is one selected from the

group consisting of subterransan drill bits, punches, die, and molds.

i4. The hard coated article {6) of claim 6, wherein the article (6) comprises at least one
sedected from the group consisting of cemented tungsten carbides, cermets, steals {especially
high-speed steels), ceramics, cubic boron nitride, polycrystalling diamond, silicon niiride,

aluming, and alominom nitride-titaniom carbide.

15, A method of making a bard coating (2) comprising the steps of
a} physical vapor depositing upon a surface a first layer (4 comprising (TLALLON, wherein

U4 £2<0.6; and
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b} physical vapor depositing upon the first layer (4) a second layer (8) having a plurality of
sublayer groups (10a), each sublayer group {10a) comprising a first sublayer (12} of (T§,81,.
P, wherein 0.85 <y £ 0.98, and a second sublaver (14) of {TiAlLLON, wherein §.4 <x <
0.6;

wherein neither g pure silicon phase nor a pure silicon nitride phase is present in the

first sublayer {12} and the sum of x and y iz in the range of 1.38 10 1.46.

16. The method of claim 15, wherein the first layer (2) accounts for 20 to 60 percent of the

overall hard coating thickness.

17. The method of claim 15, wherein the thickness of cach sublayer group (10a) is in the

range of 3 to 20 am.

18. The method of claim 15, wherein the ratio within sach sublayer group {10a) of the
thickness of the first sublayer {12) to the thickness of the second sublaver (14) is in the range

of 0.2 10 2.0.
18. The method of claim 15, wherein the sum of x and v is in the range 0f 1.39 to 1.45,

20. A method of making a hard coaled article (6) comprising the steps of
a} providing an article (6) having a surface;
b} physical vapor depositing upon at least part of the article surface a first layer {4)
comprising {T,AlL N, wherein 0.4 <z <0.6; and
¢} physical vapor depositing upon the first laver a second layer (8) having a plurality of
sublayer groups {10a), each sublayer group {10a) comprising a {irst sublayer (12} of (T4,81,.
yN, wherein 0.85 <y < 0.98, and a second sublayer (14) of (TLALLN, whereln 0.4 <x <
0.6;

wherein neither a pure silicon phase nor a pure silicon nitride phase is present in the

first sublayer (12} and the sum of x and v is in the range 0f 1.38 10 1.46.

21. The method of claim 20, wherein the first laver (4} accounts for 20 to 60 percent of the

overall hard coating thickness.

14
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22. The method of claim 20, wherein the thickness of each sublayer group {(10a) s in the

range of 3 to 20 nm.

23, The method of claim 20, wherein the rafio within each sublayer group (10a) of the
thickness of the first sublayer (12} to the thickness of the second sublaver (14} is in the range

of 0210 2.0,
24, The method of claim 28, wherein the sum of x and v s in the range of 1.3% 40 1.45.

25. The method of claim 20, wherein the article (8) is one selected from the group consisting

of cotting tools and a wear resistant component.

26. The method ofclaim 20, wherein the article (6} is one selected from the group consisting
of drills, end mills, indexable inserts for milling or turning, metal shitting saws, gear caiting

tools, reamers, taps.

27. The method of claim 20, wherein the article (6) {5 one selected from the group consisting

of subterranean drill bits, punches, die, and molds.

28. The method of claim 20, wherewn the article {6) comprises at least one selected from the
group consisting of cemented tungsten carbides, cermets, stesls {especially high-speed
steels), ceramics, cubic boron nitride, polyerystalline diamond, silicon nitride, alumina, and

alumnum mitride-titanium carbide.

,..,.
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