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HAVI NG A PROTECTI VE LAYER SYSTEM Thi s description has an Appendi x A
The present invention is directed on a tool with a tool body and a
protective | ayer system wherein the |ayer systemcom 5 prises at | east
one | ayer ofwd/m9d4esasherein - Me conprises titani um ai/AB7HIB0 UM

- Xis at least one of nitrogen and of carbon. Definition; Yok
The term Jerr] is defined as the ratio-af the diffraction inten- 10

sities 1(200) to I(111), assigned respectively to the (200) and
(111) plains in the c t he
[err]-2[err] nethod. Xﬁ‘ﬁ@!‘ ﬁ%&@&éi?%ﬁ%ﬁﬁgﬁs?éﬁ&/ I (111). The
intensity values were neasured with the foll ow ng equi pnent and with

the fol | oW Mphigsetebbgiption has an Appendix A.

" The present invention is directed on a tool with a toocl body
and a protective layer system, wherein the layer system com-

5 prises at least one layer of MeX, wherein
- Me comprises titanium and aluminum,
- X is at least one of nitpogen and of carbon.
Definition:

* The term Q, is defined as the ratio of the diffraction inten-
- 10 'sities I(200) to I(111l), assigned respectively to the (200)
“and {111) plains in the X ray diffraction of a material using
‘the 0-20 method. Thus,; there is valid Q, = I(200)}/I(111). The
intensity values were measured with the following equipment

and with the following eettings:

15 Siemens Diffractometer D500
Power: Operating voltage: 30 kV
_ - Operating current:. 25 mA
Apeiﬁure Diaphragms: Diaphragm position I: 1e
Diaphragm position II: 0.1°

20 Detector Diaphragm: Scller slit
Time constant: 4 8-
28 "arngular speed: 0.05°/min
Radiation: “ ‘Cu-Ko (0.15406 nm)

"_-;/g T

25 ”When we refer to "measured accordlng to M8" we refer to this

equlpment and to these settings Thereby, all quantitative re-
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15 Sienens Diffractoneter D500 Power : Oper ating

vol tage: 30 kV' Qperating current: 25 mA
Aperture Di aphragns: Di aphragm position I: | [err] _ _

D aphragm pogdbdg/mase2! | 0.1 20 Detector D aphragm Solpbmngs)om” Ti me
constant: -~ 4 s 2[ err] angul ar speed: 0.05[err]/mn

Radi ati on: Cu-Klerr] (O 15406 _nn 25 Wien we refer to
"measured according to M5" we refer to fhes~ equi pnent and to these
settings. Thereby, all quantitative re- _ _ _

-2- suktist§ ofoXJ@®r &hd andthroliBhewe Neiits oS i 8RR d:6 aldvan tRakenbgen
neas- ured by M. * We understand by "tool body" the uncoated
t ool . uregebyMer st and under "hard nmaterial™ a material wth which

¢ We understand by "tool body" the uncoated tool.

* We understand under "hard material" a material with which
5 tools which are mechanically and thermally highly loaded in
operation are coated for wear resistance. Pfeferred examples

of such materials are referred to below as MeX materials.

It is well-known in the tool-protecting art to provide wear re-
§iétant layer systems which comprise at least one layer of a

10 hard material, as defined by MeX.

The present invention has the object of significantly improving
the lifetime of such tools. This is resolved by selecting for

saiduaq least one layer a Q, value, for which there is valid

Qs 2

15 and wherein the tool is a solid carbide end mill or a solid
carbide ball nose mill or a cemented carbide gear cutting tool.
Further, the value of I(111l) is higher by a factor of at least
20 than the intensity noise average level as measured according

to MS.

20 According to the present invention it has been recognised that
the Q; values as specified lead to an astonishingly high im-
provement of wear resistance, and thus of lifetime of a tool,

if such a tool is of the kind as specified.

Up to now, application of a wear resistant layer system of MeX
BL5 ., . . . . . '
25 hard material was done irrespective of interaction between tool

‘body material and the mechanical and thermal load the tool is
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5 tool s which are nechanically and thermally highly | oaded in

operation are coated for wear resistance. Preferred exanples of
such materials arereferredto bel ow as MeX materials. - It is

wel | - known IWV\% %9 -protecting art to provide wear re- pcTnBy7Ai®b ant

| ayer systens conprise at |east one layer of a 10 hard material, as

defined by MeX The present invention has the object of
significantly inproving the lifetim® of such tools. This is resolved
by selecting for said at |east one layer a (JQerr] value, for which
there is val ifhpjected to in operatlgﬁrriheiyiesﬁﬂg ﬂﬂ@%ﬁ%{bdrﬂ%nkaEshaeé
solid carbide end mlIl or a solid carbide ball nose mll or

cenented car edfac dthgtt bas. been recogniged, t am shanglimis
d lpnd &hgefact uthdthg tt bak. b med, thae Iaﬁc@fﬂ-h@ b3
e oY 3 AP BheBl B ER beniapand? 1 U 80 AR A 10HSR10Y £ RO

|l evel as measUred Sccor
i nvention it bliaﬁnbeenerqsm”ﬂmadgx Reflue w:.thhﬂxél@e’c]:.f\i&kiUkSndSos pess Id ,ed

|l ead to an astoni shi ng i m vemaﬂ wear. resi stance, and
t hus of | Pf ett ekY X §i%ﬁ1ng a value of (111) 1gher by a factor of at
least 20 than the average noise intensity level, both measured

with MS.

The inventively reached improvement is even increased if Q, is
selected to be at most 1, and an even further improvement is
10 realised by selecting Q; to be at most 0.5 or even to be at
&ost 0.2. The largest improvements are reached if Q, is at most
0.1. It must be gtated that O, may drop towards zero, if the
layer material is realised with a unique crystal orientation
fﬁfaédofding=ﬁd'é vanishing diffraction intensity I(200). There-
15 . .fore, there is not set any lower limit for O, which is. only set

by practicability.

As is known to the skilled artisan there exists a correlation
between hardness of a layer and stress therein. The higher the
stress, the higher the hardness. Nevertheless, with rising

20 stress, the adhesion to the tool body tends to diminish.

For the tool according to the present invention a high hardness
is rather more important than the best possible adhesion.
Therefore, the stress in the MeX layer is advantageously se-
lécted rather at the upper end of the stress range given below.
25 Thesg con51deratlons 11m1t in practice the Q, value exploit-
“able. |
In a preferred embodiment of the inventive tool, the MeX mate-
rial of the tool is titanium aluminum nitride, titanium alumi-

num carbonitride or titanium aluminum boron nitride, whereby
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I f such a tool is of the kind as specifi ed. Up to now, application of
a wear resistant |ayer systemof MeX 25 hard material was done irrespective

of interaction between tool body material and thg ggchanical ag$ (RULE
| | oa | is U
o oxbbnese o SRR, (7
operation. The present invention thus resides on the fact that it has
been recogni sed that an astonishing im - 4 - provenent of wear resistance
is realised when selectively com bining the specified Jerr] val ue
with the speehéi @b ma[t@realsoeiﬁst meRt 1 bHEE EDYe Rl fb?@f@rf’éﬁ e ¢4(111)
hi gher by a factor of at | east 20 than the avefage noise intensity

| evel , both Feaiym aluminumppberonritride.

In a further form of realisation of the inventive toocl, Me of
the layer material MeX may additionally comprise at least one

5 of the elements boron, zirconium, hafnium, yttrium, silicon,
tungsten, chromium, whereby, out of this group, it is preferred
to use yttrium and/or silicon and/or boron. Such additional
elemént to titanium—and aluminum is introduced in the layer ma-

terial, preferably with a content i, for which there is valid
10 : 0.05 at.¥ < i £ 60 at.¥%,

taken Me as 100 at¥%.

A still further improvement in all different embodiments of the
at least one MeX layer is reached by introducing an additional
layer of titanium nitride between the MeX layer and the tool

15 Dbody with a thickness d, for which there is valid

0.05 yum £ d £ 5 um.

In view of the general object of the present invention, which
is to propose the inventive tool to be manufacturable at lowest
possible costs and thus most economically, there is further

20 proposed that the tool has only one MeX material layer and the
additional layer which is deposited between the MeX layer and

_the, tool body.
Further, the stress ¢ in the MeX is preferably selected to be
2 GPa < 0 £ 8 GPa, thereby most preferably

25 within the range
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The inventively reached inprovenent is even increased if err] is
selected to be at nost 1, and an even further inprovenent is 10 realised

by selecting Qerr] to be at nost 0.5 or even to be at nost 0.2. The
| argest i nprovenents are reached if QJerr] is at nost nmust be
stated that.wﬁs'é’{r‘?"]” may drop towards zero, if the Iaygrc%r%%.’lgﬁggl S
realised with a unique crystal orientation according to a vanishing”
diffraction intensity 1(200). There- 15 Hore, there is not set any |ower
limt for Qerr] which is only set by practicability. As is
known to the skilled artigan_there I sts a correlation bet ween

har dness of a | ayer and §“[§>|ae§s°t € g’)lﬁﬁ. ‘The hi gher the stress, the

hi gher the hardness. Nevertheless, with rising 20 stress, the adhesion to
the tool bodpet ebdSenr »xlidh niithnium in ey Meheompohemt caff dihe) Me® fLAQer

present invention_a g%?h har dness Is rather nore inportant than the
best possi bi*® RYRESFIRLY selectrg kP R%, the stress in the MeX layer is
advant ageously se- | ected rather at the upper end of the stress range

gi ven below. 25 Thesecgpsikderatd apsaki §1 tehdrd¥2Ql aeetiben&derr] val ue
exploit-

5 preferred embodiment within the range
65 at ¥ 2 x 2 55 at %.

On the other hand, the content y of aluminum in the Me compo-

nent of the MeX wmaterial is preferably selected to be
30 at ¥ <y £ 60 ét %, in a further preferred
10 embodiment even to be
35 at § < y < 45 "at.:'%.

In a still further preferred embodiment, both these ranges,

i.e. with respect to titanium and with respect to aluminum are

fulfilled.

15 The deposition, especially of the MeX layer, may be done by any
known vacuum deposition technicue, especially by a reactive PVD
coating technique, as e.g. reactive cathodic arc evaporation or
reactive sputtering. By appropriately controlling the process
parameters, which influence the gro&th of the coating, the in-

20 ventively exploited Q, range is realised.

To achieve excellent and reproducible adhesion of the layers to
the tool body a plasma etching technology was used, as a pre-
paratory step, based on an Argon plasma as described in Appen-
dix A, which document is integrated to this description by ref-

25 erence, with respect to such etching and subsequent coating.
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abl e. In a preferred enbodi nent of the inventive tool, the MeX mate-
rial of the tool is titaniumalum numnitride, titanium alum - num
carbonitride or titanium alum num boron nitride, whereby

-4- t@ggyggmpaterlals first mentioned are today pquﬁﬁﬁ gger ti-
tani um al umi num boron nitri de. In a further form of |sat|on of

the inventive tool, M of the layer material MeX may addltlonally
conprise at | east one 5 of the elenent& boron, zirconium hafnium
yttrium silicon, tungsten, chrom um whereby, out of this group, it

I's preferredrhis doduhed®eakbbbrasiandtRe 6!45AN ARILA NOOT V7191 GRs of
addi ti onal element to titaniumand alumnumis introduced in the

|l ayer ma-  the gameq dmveptereftun yinNerhows tormrshapplitant whs dhhet Igmeeens
valid application.

Examples 1

5 An arc ion plating apparatus using magnetically controlled arc

sources as described in Appendix A was used operated as shown
in table 1 to deposit the MeX layer as also stated in table 1
on solid carbide end mills with a diameter of 10 mm, z = 6. The
thickness of the MeX layer dep051ted was always 3 pm. Thereby,

10 in the samples Nr. 1 to S5, the inventively stated Q, values
where realised, whereas, for comparison, in the samples number
6 td 10 this condition was not fulfilled. The I(111) value was
always significantly larger than 20 times the noise average
~value, measured according to MS. The coated end mills were used

15 for milling under the conditions stated below to find the mill-
ingidistance attainable up to attainiig an average width of
flank wear of 0.20 wm. The resulting milling distance according

to the lifetime of such tools is also shown in table 1.

Test cutting conditions:
20 - Tool: Solid carbide end mill,
dia. 10 mm, z = 6
- Material being cut: AISI D2 (DIN 1.2379)

20m/min

- Cutting parameters: Ve

- - .
ELoa e ¥

f. = 0.031 mm

25 7 a

P

15 mm
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10 0.05 at.[err] [err] i [err] 60 at.[err], taken Me

as 100 atferr]. A still further inprovenent in all different

enbodi ments of the at | east one MeX layer is reached by introducing
an addition | ayer of titaniumnitride between thelgg%s and the
tool 15 b 9%‘?% a thickness d,- for which there is vali bk .
0.05 [err]mJerr] d [err] 5 [err]m In view of the general object of
the present invention, which is te propose the inventive tool to be
manuf act ur abl e at | owest possi bl e costs and thus nost econom cal |y,
there is further 20 proposed that the tgol g§§ only one MeX materi al

| ayer and the addi tional |ayer whi®*ch is deposited between the MeX

| ayer and t he, tool body. Further, the stress [err] in the MeX
is preferably selected to be climb milling, GRagr[err] [err] [err] 8

GPa, thereby nost preferably 25 within the range
It is clearly recognisable from table 1 that the end mills,

coated according to the present invention, are significantly
5 more protected against delamination and wear than the end mills

coated according to the comparison conditions.
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30

e Me conpo-

0?69“0] 55 at

o
10 enbodi nent

5 preferred
i

Bor

% [ er

65 at

The content x of titaniumin the M
Is preferably selected to be

% thereby in a further
in adgwther preferred

the content y of alumnumin

hand,
Is preferably selected to be

6 GPa
e

60 at [err],

[err]
[err] x [err] 40 at
e rang
-Wb@ﬁgjot her
nent of the MeX materi al

at [err]

[err]
[err] y [err]

conponent of the MeX | ayer

70 at [err]
even to be

enbodi nent

[err].

4 GPa [err]
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In a still further preferred enbodi nent, both these ranges, i.e. with

respect to titaniumand with respect to alum num are fulfilled. 15
The deposition, especially of the MeX | ayer, nay be done by any known
vacuum depos‘gé &gsgzechni gque, especially by a reactive PVD PCT/lB9ﬁlﬂa§0l ng

t echni que, & reactive cathodic arc evaporation or reactive
sputtering. By appropriately controlling the process par amet ers, which
i nfluence the growh of the coating, the $nm 20 ventively exploited err]
range i s realised. To achi eve excell ent and reproduci bl e adhesi on of

the | ayers tQ 1est?e tool body a plasma etching technol ogy was used, as a
p

pre- p, based on an Argon plasna as described in Appen-
di x A which docunent is integrated to this description by ref- 25 erence,
wi t h respectThe appelrattis hasmqusawl forbseginy cuairidigg to Example 1 was

- 6 - also used for coating the samples Nr. 11 to 20 of table 2. The
tools coated and the test conditions were identical to Example

5 1. The thickness of the layers is indicated in table 2.

It may be seen that in addition to the coatiné according to Ex-
ample 1 there was applied an interlayer of titanium nitride be-
tween the MeX layer and the tocol body and an outermost layer of
the respective material as stated in table 2. The condition

10 with respect to I(11l1l) and averége noise level, measured ac-

cording to MS was largely fulfilled.

- It way be noted that provision of the interlayer between the
MeX layer and the tool body already resulted in a further im-
provement. An additional improvement was realised by providing

15 an outermost layer of one of the materials titanium carboni-
tride, titanium alﬁminum Qxinitride and especially with an out-
ermost layer of aluminum oxide. Again, it may be seen that by
realising the inventively stated Q; values with respect to the
comparison samples number 16 to 20, a significant improvement

20 1is realised.

The outermost layer of aluminum oxide of 0.3 um thickness, was

formed by plasma CVD.

As stated above, the coated end mills were tested under the
same cutting conditions as those of Example 1, Q, was measured

25 according to MS.
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Thi s docunent accords with the US application No. 08/ 710 095 of t he
sane inventor (two inventors!) and applicant as the present

appl i cation. Exanples 1 5 An arc ion plating apparatus using
magnetical |y ofelyI s |l ed arc sources as described inpApReRRics0 A Was
used oper at-€ own in table 1 49 deposit the MeX layer as al so
stated in table 1 on solid carbide’end mlls with a dianeter of 10
nm z = 6. The thi ckness of the MeX | ayer deposited was al ways 3
[err]m Therebyrabld2)in t gamptes N I OS5, [t Inpyenfivély stated
derr] val ues where fea Lsélg, ge as‘g Er coﬂ?r%or iin the sanples
nunber 6 to 10 this }gnjEti n s| hot fYEf il | gck e?( 11) val ue was
al ways significantly |arge[~tihani20 |§ }le Eoi se é}/er“éga"f val ue,
measured according to MS. [Be ‘&oqlged:en Ml §,, Weige LLSEJ: LE or mlling
under the conditions statepdbekowstdd i@l de gl |8 |§ {Bo]distance
attainable up to attainingj@n avérade w Ht h* of 3 y- ¥ | phk|heqr of 0.20 nmm
. . . . * ~ -t - -
The resulting mlling dlstamce"‘acéorcgngé E Etcgth%l’gmg of such
tools is also shownintabg,tg g
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Test cutting conditions: 20 - Tool: Solid carbide end

mill, dia. 10 mm z =6 - Materi al
bei ng cut: “AI'SI D2 (DN 1.2379) - Cutting paraneters:

vierr]l = 20gqYsfsae flerr] perflafiRtos™ 25
aferr] = 15 mm o -7- _ ’
alerr] 1 mm climb mlling, dry It is clearly

recogni sable fromtable 1 that the end rills; coated according to the
present invention, are significantly nore protected agai nst del am nation

and wear tha%xggﬁlgqg,nills coated according to the conparison conditions.

Again, solid carbide end mills were coated with the apparatus
of Example 1 with the MeX layer as stated in table 3, still
fulfilling the Q, conditions as inventively stated and, by far,
5 the condition of I(111) with respect to average noise level,
measured according to MS. Thereby, there was introduced one of
zircpnium, hafnium, yttrium, silicon and chromium, with the

amount as stated above, into Me.

The coated end mills were kept in an air oven at 750°C for 30
10 min. for oxidation. Thereafter, the resulting thickness of the
oxide layer was measured. These results are also shown in table
3. For comparison, inserts coated inventively with different Me
compounds of the MeX material were equally tested. It becomes
evident that by adding any of the elements according to samples
15 23 to 32 to Me, the thickness of the resulting oxide film is
significantly reduced. The best results with respect to oxida-

tion were realised by adding silicon or yttrium.

It must be pointed out, that it is known to the skilled arti-
san, that for the MeX material wear resistant layers there is
20 wvalid: The better the oxidation resistance and thus the thinner

the resulting oxide film, the better the cutting performance.
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[err] [err] 10
[err] [err] 20
[err] [err]”

err err
Lerr] wo sonsh” ']

Example 4:

[err]
[err]
[err]

- 13 -

[err]
15
[err]

PCT/IB97/01090

Again, the apparatus and coating method according to Example 1

was uged. Solid carbide end mills with a diameter of 10 mm with

6 teeth were coated with a 3.0 pm MeX layer. There was provided

5 a titanium nitride interlayer with a thickness of 0.08 um be-

tween the MeX and the tool body. Test conditions for the end

mills were:

Tool:

10 Material:

Cutting parameters:

15

80lid carbide end mill, dia. 10 mm

2

6

AIST D2 (DIN 1.2379)

60 HRC
ve = 20 m/min
£, =.d.931 mm
a, = 15 mm
a, = 1 mm

Climb milling, dry

The solid carbide end mills:were used until an average width of

flank wear of 0.20 mm was obtained. The result ie shown in ta-

ble 4. Again, the I{111) to noise condition, measured with MS,

20 was clearly fulfilled for sample No. 35, for sample No. 34 the

I(200) to noise condition was fulfilled.

SUBSTITUTE SHEET (RULE 26)



20 -0O-

Exanpl es 2:
The apparatus as used for coating according to Exanple 1 was al so
used for coating the sanples Nr. 11 to 20 of table 2. The tool s
coated and W‘?ﬂgﬁﬁg conditions were identical to Exanpl e pcraBsnide
t hi ckness of % gyers is indicated in table 2. It may be seen.that
in addition to the coating according to I_EA anple | there was applied
an interlayer of titaniumnitride be- ~ fween the MeX | ayer and the tool
body and an outernost |ayer of the respective material as stated in
table 2. The(rfwnl t4yon 10 wth respect to 1 (111) and average noi se |evel,
nmeasured ac- cording to NS pwes argalﬂle ul filled. It may be
noted that provision of the integlgayegr bet vieen t he MeX | ayer and the
tool body already resulted in alE@rtiper] i provenent. An additional
i nprovenent was realised by provggign*;
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15 an outernost |ayer of one of the materials titani um carboni - tride,

titanium alum numoxinitride and especially with an out- ernost | ayer
of alum num oxide. Again, it nmay be seen that by real i sing_the

i nventively swoesadog) err] values with respect to the cgﬁyé‘?%"@ﬁﬁosarrpl es
nunber 16 to 20, a significant inprovenment 20 is realised. The -
outernost |ayer of alum num oxide of 0.3 ferr]mthickness, was f or med
by pl asna CVD. As stated above, the COated end mlls were tested under
t he sanme cutting conditions as those of Exanple 1, @ err] was neasured
25 accor di ng Bxandie S: (Tabl e 2) [err]

[err]
The apparatus and coating method according to Example 1 was

used.

Solid carbide ball nose mills were coated with 3.1 um MeX and a
5 TiN interlayer with the thickness 0.07 pm. The coated tools
were tested with milling a hardened mold steel.

Test conditions:
Tool: Solid carbide ball nose mill J%7 (Jabro),
_ | R4 (D 8 x 65 mm) .
10 ﬁat:erial: Mold steel H 11 (DIN 1.2343), HRC 49.5
Cutting parameters: v, = 220 m/min
a, = 0.5 mm.
no coolant

The tool life was evaluated in minutes.
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(Table 5)

[err]
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- 11 - Exanpl e 3: Again, solid carbide end mlls were coated
wi th the apparatus of Exanple 1 with the MeX |layer as stated in table
3, still wo BRI | 1ing the Qerr] conditions as inventiREVPIEHPed and,
by far, 5 the condition of 1(111) with respect to average noise |evel,
nmeasured according to Ms. Thereby, there 4R I ntroduced one of

zirconium hafnium yttrium silicon and chron1un1 with the anount as

stated above, into M.
In Fig. 1 there is shown, with linear scaling a diagram of ni-

trogen partial pressure versus bias voltage of the tool bedy as
applied for reactive cathodic arc evaporation as the reactive
PVD deposition method used to realise the Examples which were

5 discussed above.

All the process parameters of the cathodic arc evaporation

process, hamely

-~ arc¢ current;
- process temperature

10 : deposition rate
- evaporated material
- strength and configuration of magnetic field adjacent the arc
. source '_
- geometry and dimensions of the process chamber and of the

is workpiece tool to be treated
were kept constant. The remaining process parameters, namely
partial pressure of the reactive gas - or total pressure - and
bias voltage of the tool body to be coated as a workpiece and
with respect to a predetermined electrical reference potential,

20 as to the ground potential of the chamber wall, were varied.

Thereby, titanium aluminum niﬁride was deposiéed. With respect
to reactive gas partial pressure and bias voltage of the tool
body, different worklng polnts were established and the result-
lng Q,*values at the dep051ted hard material layers were meas-

25 ured accordlng to MS.

e«

It turned out that there exists in the diagram according to
fig. 1 an area P, which extends in a first approxiﬁation line-
arly from at least adjacent the origin of the diagram co-

ordinates, wherein the resulting layer leads to very low XRD
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The coated end mlls were kept in an air oven at 750[err]C for 30 10 mn.
for oxidation. Thereafter, the resulting thickness of the oxi de | ayer
was neasured. These results are also shown in table 3. For conpari son,
i nserts coatyslewmeentively with different Me conpoun8ET/EIY7AHE0 Me X
material were equally tested. It becones evi dent that by addi ng any of
the el enments according to sanples 15 23 fo 32 to Me, the thickness of the
resulting oxide filmis signifi caﬁt+§/ Teduced. The best results with
respect to oxida- tion were realised by adding silicon or yttrium

It nust be pRivehettpUWalidiflofi L (260K t{a1the BKidd e:clealrt ithat for saty,
that for the MeX materi al, wear resistant Iayers t here alid: The

better the Gatdat Aekereining fhe Lt heE Ehe? tm%é?umber °© h@e?@é{ﬁ*'h ng
oxide film (fhesbgtierndhe talbbi 86nde HERAGEnONe of the I(200) and - 12 -

I(111) intensity values is as large as 20 times the average

5 noise level, measured according to MS.

On one side of this area P and as shown in fig. 1 Q; is larger
than 1, in the other area with respect to P, Q; is lower than
1. In'both these areas at least one of the values I(200)},

I(111) is larger than 20 times the average noise level, meas-

10 ured according to MS.

As shown with the arrows in fig. 1, diminishing of the partial
pressure of the reactive gas - or of the total pressure if it
is practically equal to the said partial pressure - and/or in-
creaéing of the bias voltage of the tool body being coatedf
15 1leads:to reduction of Q;. Thus, the inventive method for pro-
ducing a tool which comprises a tool body and a wear resistant
layer system, which latter comprises at least one hard material
layer, comprises the steps of reactive PVD depositing the at
least one hard material layer in a vacuum chawmber, thereby pre-
20 selecting process parameter values for the PVD deposition proc-
ess step beside of either or both of the two process parame-
térs, namely of partial pressure of the reactive gas and of
biés #oltage of the tool body. It is one of these two parame-
ters 6r both which are then adjusted for realising the desired
25 ;huvélues, thus, and accdrding to the present invention, bias
voltage is increased and/or partial reactive gas pressure is
reduced to get Q, values, which are, as explained above, at
most 2, preferably at most 1 or even at most 0.5 or even at
most 0.2. Most preferred is Q, < 0.1. Beside the inventively

30 exploited Q; value, in this "right hand" area, with respect to
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P, I{111) is larger, mostly much larger than 20 times the aver-

age noise level of intensity, measured accdrding to MS.

In fig. 2 a typical intensity versus angle 20 diagram is shown
for the titanium aluminum nitride hard material layer deposited
in thé Q; 2 1 region of fig. 1, resulting in a Q; value of 5.4,
The average noise level N* is much less than I(200)/20. Meas-

urement is done according to MS.

In Fig. 3 a diagram in analogy of that in fig. 2 is shown,lbut_
the titanium aluminum nitride deposition being controlled by
Bias voltage and nitrogen partial pressure to inventively re-
sult in a Q; £ 1. The resulting Q, value is 0.03. Here again
the I(111) value is larger than 20 times the average noise

level of intensity, both measured according to MS.

Please note that in fig. 1 the respective Q; values in the re-

spective regions are noted at each working point measured

(according to MS).

In fig. 4 a diagram in analogy to that of the figs. 2 and 3 is
shown for working point P, of fig. 1. It may be seen that the
intensities I(200) and I(111) are significantly reduced com-
pared with those in the area outside P. None of the values

I{(200) and I{111) reaches the value'of 20 times the noise aver-

age ‘level N¥.

Thus, by simply adjusting at least one of the two Q,-
controlling reactive PVD process parameters, namely of reactive
gas partial pressure and of workpiece bias voltage, the inven-

tively exploited Q, value is controlled.
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3 - Exanpl e 4: Agai n, the apparatus and coati ng net hod
according to Exanple 1 was used. Solid carbide end mlls with a
di aneter of wgoedusosi th 6 teeth were coated with a 3. ®JT4BY7I0m98/e X
| ayer. There was provided 5 atitaniumnitride interlayer with a
t hi ckness of 0.08 [err]m be- tween the MeX and the tool body. Test
conditions for the end mlls were:” -

In fig. 1 there is generically shown with 9Q, < 0 the adjusting
direction for lowering Q,, and it is obvious that in opposite
direction of adjusting the two controlling proceses parameters,

and increase of Q; is reached.
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Tool : Solid carbide end mll, dia. 10 mm

z= 6 10 Material: _ AlSI D2 (DIN 1.2379)

60 HRC Cutting paraneters: vc 20 mMmn

flerr] = 0. wapkbnan a[err] =15 MGI/IBS7A1050

a =1 mm - Cimb mlling, dry The solid
carbide end mJ]]s Ee used until an,average w dth of fl ank wear of
0.20 mmwas obtEPSea *The result is Shown in ta- ble 4. Again, the

[ (111) to noi ¥yocenrdnhd appanafasufey werkglel® coa?@nguas clearly fulfilled for
sanple No. 35, for sanple No. 34 the | (200) to noise condition was
fulfilled. The present invention relates to a coating arrangement ac-

cording to the generic specification of claim } as well as a
process for coating workpieces according to the generic
specification of claim 14,

In many known vacuum treatment processes, cleaning of the
workpiece surface is performed prior to vacuum coating. In
addition, the workpieces may be heated to the desired tem-
perature before or after the cleaning step. Such steps are
principally needed to ensure adequate bonding strength of
the coating to be deposited. This is especially important in
applications where workpieces, and tools in particular, are

. to be coated with & wear protection coating. On tools such
as drills, milling cutters, broaches and shaping dies such
coatings are subjected to very high mechanical and abrasive
Btress. An extremely good bond with the substrate is, there-
fore, essential for useful and economical use. A proven
method for pre-treating such tools is heating with electron
bombardment, and etching by means of ion etching, for exam-
ple, sputter etching., Heating by means of electron bombard-
ment from a plasma discharge is known, for example, from DE
33 30 144.

A plagma discharge path can also be used for creating hsavy
noble gas ions, for example, argon ions, which are acceler-
ated from this plasma toward the workpiece or the substrate

on which they cause sputter etching as described in DE 28 23
876.

In addition to sputter etching another known technique is to
operate plasma discharges with additional reactive gases and
to etch the workpieces chemically, however, also process
techniques combining reactive etching and sputter etching
are feasible. The objective of all these pre-treatment proc-
ésses is to prepare the workpiece surface in such a way that

thp subsequently deposited coating adheres well to the sub-
strate.
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For plasma generation the aforementioned arrangements use a
low-voltage arc dischargs that is arrxanged in the central
axis of the apparatus whereas the workpieces are arranged at
a certain distance around this arc along a cylindrical sur-
face. The coating is subsequently deposited by means of
thermal evaporation or sputtering. Depending on the process
management, an additional ion bombardment is generated dur-
ing the coating through a corresponding substrate bias, a
technique which is known as ion plating. The advantage of
this arrangement is that large ion currents with small par-
ticle energy can be drawn from the low-voltage arc which
atfords gentle treatment of the workpiece. The disadvantage
is, however, that the workpieces must ba arranged in a zone
defined radially to the discharge and that as a rule they

must be rotated round the central axis as well as their own
‘axis in order to achieve uniform and reproducible results.

Another disadvantage is that due to the relatively narrow

“admiésible cylindrical processing band width either the

proqéssabie workpiece size is limited or the batch size is
limited for a large number of small workpieces which se-
verely limits the cost-effectiveness of the known arrange-
ments. This limitation is due to the fact that the low-volt-

age arc discharge which éentrally penetrates the process

chamber requires a certain dimension for itself. In order to
produce good and reproducible results, the workpieces must
have a suitable distance from the discharge which means that
a large portiocn of thae central process chamber space cannot
be utilized..

Also known are sputtering arrangements with so-called diode
discharges. Such diode discharges are operated with high
voltages of up to 1000 Volt and even higher. Diode etching
devices have proven to be unsuited to applications with
demanding requirements. On the one hand the achievable etch-
ing rates and consequently the efficiency is low, and on the
other hand these high voltages can produce defects on sensi-
tive substrates. In particular workpieces that require
three-dimensional processing such as tools cannot be readily
processed by such an arrangement. Tools, for example, are
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designed with a number of fine cutting edges on which such
discharges tend to concentrate, with the result that uncon-
trolled effects such as overheating and sven destruction of
the functional edge can occur on such fine edges and points.

In the patent application DE 41 25 365 an approach for solve
ing the aforementioned problem is described. It assumes that
the coating is deposited by means of a so-called arc evapo-
ration process. In order to pzroduce well-bonding coatings
with such evaporators, the arc of the évaporator'itself was
used prior to the actual coating in such a way that the ions
produced in the arc, particularly the metal iens, are accel-
erated out of the avaporation target toward the workpileces
by means of a negative acceleration voltage of typically >
. 5300 Volt, but often also in the rangs of 800 to 1000 volt so
that more material is sputtered off the workpiece than de-
posited. After this etching process the evaporator is oper-
ated as a coating source. The description mentions that in
the usual processes based on the arc coating technology such
high . voltages are essential for producing well-adhering
coatings through the arc evaporation process. ' '

To prevent the problem of overheating or etching on uneven
mass distribution or on fine workpiece geometries, the de-
scription proposes to operate, in addition to the arc
plasma, an auxiliary discharge path with high voltage that
causes supplementary ionization which is coupled to the
.evaporation arc. An additional DC socurce causes ions to be
extracted from the plasma and accelerated to the workpiece
and thereby produce the desired etching effect. An addi-
tional anode with another discharge path operated from a
separate power supply is envisioned for increasing the ef-
fect. During the etching process the arc evaporator is oper-
ated with a closed shutter so that the substrate is shielded
from the direct effect of the evaporator, thereby praventing
Bo-called droplets on the substrate.

The disadvantage of the above arrangement is that it also
reguires a high voltage, that only limited processing homo-
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Exanpl e 5: The apparatus and coating nethod according to

Exanpl e 1 was used. Solid carbide ball nose mlls were coated

with 3.1 [err]m MeX and a
[err]m Theyg

st eel . -

Mat eri al :
par anet er s:
no cool ant

5 TiNinterlayer with the thickness 0.07
Agh tools were tested with nilling a MI/BEHE DI d

est conditions: Tool : Solid carbi de- bal
nose mll J97 (Jabro), R4 ([err] 8 x 65 mm) 10

"appendix A"Mol d steel H 228 (DI N 1.2343), HRC 49.5
yeseities 220 avhievable, and that through the coupliggeof]

the di¥@ctof phhéf vaenL\Waky AR adfusdinddt ESapabilities
in the operating environments are limited. In addition this
arrangement is very complicated and consequently costly to
build and operate which seriously impairs the economy of a
production system, The utilization of voltages in excess of
1000 Volt requires additional safety precautions.

Systems that are based on the current technology are not
well suited to high throughputs if also high processing
quality is required. Systems that accommodate coating widths
of ué to 1000 mm and more can be built only with great dif-
ficulty, if at all.

The purpose of the present invention is to eliminate the
‘aforementioned disadvantages of the current iechnology, in
particular by creating a coating arrangement and by Ppropos-
ing a process that is suitable for depositing well-adhering
coatings on a large number of workpiecee, or on individual
1arggy workpieces with uneven mass distribution, without
damaging the fine structures but with the desired homogena-
ity ‘and the required highly economical processing rate.

This is achisved by designing the process arrangement men-
tioned at the beginning in accordance with the characteriz-
ing portion of claim 1, and by the coating process designed
according to the characterizing portion of claim 14.

Accordingly the workpiece surface to be coated is exposed to
& plasma source designed as a hot cathode low-voltage arc
discharge arrangement by transporting it transversely to the
linear extent of the latter’s diéchatge path. The workpiece
is connected to a negative voltage so that ions are ex-
tracted from the arc discharge and accelerated to the work-
piece, causing the latter to be sputter etched. Subsequently
the workpiece is coated from the same side from which the
low-voltage arc discharge was effective.
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"Appendix A"
The preferred design variants of the coating arrangement

conforming to tha invention are described in the subsidiary
claims 2 to 13, and the preferred design variants of the
process in claims 14 to 17,

Etching with a hot cathode low-voltage arc. discharge ar-
rangement as the ion source 1is particularly advantageous
because such arc discharges can be operated with discharge
voltages of < 200 Volt which means that this process is not
afflicted by the disadvantages of high-voltaée etching.
Btching with low-voltage arc discharges is also particularly
harﬁless to the workpiece, that is, the fine - structures on
larger workplieces such as cutting edges are adversely af-
fected neither by thermal overload ncr edge rounding caused
_by high-energy ion bombardment.

Despite the relatively low discharge voltage in the working
range of 30 to 200 Volt DC, but preferably within the range
of 30 to 120 Volt, a very high discharge current of a few 10
to a few 100 ampere, preferably from 100 to 300 ampers, is
feasible. This means that this type of discharge is able to
produce a very high ion current at low energy. Due to the
high ion current available, a high etching rate can be
achieved on the substrate at a relatively low acceleration
voltage, and as has been mentioned before, with gentle
treatment of the workpiece. The extraction voltage or the
accelexation voltage on the substrate is within the range of
-50 Volt to -300 Volt, preferably within the range of -100
Volt to ~200 Volt. The ion current drawn to the workpieces
achieves values of 5 to 20 ampere, with a preferred working
range from 8 to 16 ampere. The processing width for the
workpiece or workpieces can be up to 1000 mm. With a some-
what more elaborate equipment design also larger processing
widths are feasible. The achievable values depend not only
on the operating values for the arc discharge but also on
their geometric arrangement relative to the workpiece, as
well 48 on the selected working pressure. Typical working
pressures are of the order of 103 mber. For operating the
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arc discharge a hoble gas is used as the working gas, pref-

erably a heavy noble gas such as argon.

In the past, low-voltage arc discharge arrangements were
rotation symmetrical which means that the arc discharge was
arranged in the center and the workpieces were rotated
around this arc discharge located in the central axis. The
asgumption was that the rotation symmetrical arrangement
with the centrally arranged arc discharge would offer the
best possible result with respect to uniformity and speed of
the etching opsration, Surprisingly it has been shown, how-
evei, that the asymmetrical arrangement proposed by the
invention is overall much more advantageous than the afore-
mentioned rotation symmetrical arrangement. With a rotation
_ symmetrical arrangement with the arc discharge in the cen-
" tral axis the placement of large volume workpieces is re-
" stricted toward the center by the arc discharge itself. In
addition such workpieces have to be rotated not only around
* the central axis but also around their own axis so that
after the etching process the etched workpiesce surfaces can
bexebhtéd immediately with the coating sources arranged on
the-chamber wall. Only in this way is adeguate distribution
of the etching process and the coating thickness ensured.
It has also been shown that the distance of the workpiece
from the arc discharge is more critical in a rotation sym-
metrical arrangement than in an asymmetrical arrangement in
which the workpiece i{s exposed only from one side toward the
arc discharge.

In the apparatus according to the invention it is possible
to pass large-volume workpieces in front of the arc dis-
charge without additional rotation, with the result that the
size of the process chamber can be kept within reasonable
limits and the handling of heavy workpieces is greatly sim-
_Plified. This has a significant influence on the economy of
lP?ﬁauction syastems. The arrangement according to the inven-
tion is advantageous not only for large~volume workpieces
but it is also possible to accommodate and simultaneously
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applied for
deposi tion
above.

| WP

In Fig. 1 there is shown, with |inear scaling a diagramof ni-
trogen partial pressure versus bias voltage of the tool body as

reactive cathodic arc evaporation as the reactive

process, nanely - arc current; - process tenperature
deposition rq&e o « evapor at ed-natesi al - strength and
configuration*8PeMighétic field adjacent the ar urce

geonet ry andPERGASAsi%ReFesPHEL b‘?%’ce%%’%hd]’r‘ﬁ‘@?”aﬁ& Gf“aprf’& ‘1"5‘"“
tool to be t ptetend

Another advantage of the arrangement according to the inven.
tion is that the etching apparatus no longer has to be con-
structed as an integral part of the process chamber because
it needs to be arranged only in the area of the process
chamber wall which means that it can be arranged as an elon-
gated, smaller discharge chamber on the latter’s onter wall
so that far greater freedom is achieved in the design of the
process chamber. It has even been found that this arrange-
ment i{s far less critical with respect to the distance be-
tween the arc discharge and the workpiece surface, which
means that higher reproducibility of the results is achieved

‘with larger spacing variations that typically occur with

larger workpieces. The total ion current that can be ex-
tracted from the arc discharge still reaches advantageously
high values and can be concentrated fully on the workpieces,
thereby producing the desired high etching rates. The actual
separation of the low-voltage arc discharge or the plasma
source from the process chamber or from the treatment zone
also affords a higher degree of freedom in the design of
this source and consequentiy a much more flexible adaptation
of the source design to the process requirements than is the
case with the integral rotation~symmetrical arrangement with
discharge in the central axis of the equipment.

Por depositing a well-bonding coating after the etching
process, one or more additional evaporation sources acting
from the same side are arranged on the process chamber wall,
Particularly suited are sources that can be arranged in such
a way that, like the elongated low-voltage discharge, they
coat the workpieces transported in front of them across a
correspondingly elongated area. Suited are sources such as
sputtering gources or arc evaporation sources. Practice has

‘'shown that so-called cathodic spark evaporators or arc

afgporatore ara particularly suited because well-bonding
coatings can be economically produced by these and the pre~
ceding etching process. Test tools processed through this
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were kept constant. The remaining process paraneters, namely parti al

pressure of the reactive gas - or total pressure - and bi as vol tage of
the tool body to be coated as a workpi ece and with respect to a
predeterm ng@hentrical reference potential, 20 as to tREVERIUINY
potential of the chanber wall, were varied. Thereby, titanium

al um num ni t rj,&le Jas d)g,posi ted. Wth 2raegpect to reactive gas parti al
pressure and bERSV ATt age of the tool body, different working points

wer e est abl i shedngembnthechieyetit a usefulj Agi«q) ehat] waal gégnifiicantdydeposi t ed
har d. mat eri al ajaayepfodiel b1y ERSige? StHahe dcRiREdbRAgkhdmMare evapo-l t turned

out. that t her Qi Skael i Nl JUCBIAECHihboltdge erchiy. ledih area P,

1p
whi ch extends I n I rst” a rloxi pat | on L pe- arl)}/ frtggg}ﬂg east

adj acent the B1¥BI%r et MBS tHiadrtEin Yo cutting, SeoAs: BYCY A% M Whe resul ting
| ayer | eads tentrers wagwipypved by a factor of at least 1.5; in par- -
18 - ticularly favorabls cases even by a multiple over conven-

tional technigues. In addition a very homogenous etch dis-
tribution was achieved which is far less dependent on the
workpiece geometry &nd also allows mixing of different sub-
strates in a batch. '

With the proposed arrangement it is also easily possible to
implement processes not only with noble gases but also with
chemically active gases because the low-voltage arc dis-
:éharge activates gmses such as Nz, Hz very well. Unwanted
~paxasitic discharges produced by insulating surfaces can be
'easily controlled with the low-voltage discharge. The low-
evoltage arc discharge is preferably operated with a separate
‘cathode chamber or ionization chamber that accommodates a
'ho;;cathode and communicates with the discharge chamber or
théjhrocess chamber only through a small opening. The gases
are preferably admitted via this cathode chamber. This re-
sults in a certain gas separation between the process cham-
fbe: and the coating sources which reduces or eliminates the
Wﬁroblem of target contamination. With this arrangement it is
also possible to perform activation on the workpiece with
different process gases during the actual coating phase. The
desired working conditions can be established by choosing a
corresponding negative or even positive voltage on the work-
piece.

As the workpieces generally have to be passed in front of
the sources several times during a process step in order to
‘achieve the necessary etching'depth or coating thickness as
well as uniform and reproducible treatment, it is advanta-
geous to design the apparatus in such a way that the work-
pieces can be rotated arouna_a central axis and to arrange
the sources on the chamber wall in such a way that they all
work from the outside toward the inside. In this case a very
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intensity values of I (200) and I (lIIl). It is clear that for ex-

actly determning the imts of P, a high nunber of neasure- ment s
will have to be done. Therein, none of the 1(200) and . NEEED)
intensity valesseps as large as 20 tinmes the average 5 BOTARI7IOW9G|
nmeasured according to MS. On one side of this area P and as showa in
fig. 1 Qerr] is larger than 1, in the other area with respect to P,
derr] is |owegpenhar a" 1. In both thése areas at |east one of the val ues
1 (200), 1dd Wi Sed AEdRTbd BRfarfflal HEScbltasdNg! BOSuERIS G CVel . Meas-
10 wured accordi NS fi

t . As sho w.th the arrows I n g. 1,
di ni ni shi ng H¥% prg FaFetey on “spfgggff\gg BeEth "rég_%t PRIE JHE€°®ror of the
total pressubeweverjtalso a pargg gumber| 8 ssdd| vexkrigeesqiqYepaPfi al pressure
- and/ or in-differeft efdeng cah ee drrasgedo| drage @blddre drelolpassedyg bei ng

coated, 15 »lRRFUSthd dotbeld WvARLOTrddhRifd aFRUAd tHQ icaendd weiget hod for

- d t, 00l h I I st ant
ayer syst ent e TaerAi@oniBhofEai 0! siGh)of Jlilidly o' St R0 o
conpri ses the® PPERLUIATHESCEP e3EF R PRAY (fhachis essentia

for an economical process.

The plasma source or the low-voltage arc discharge is pref-
erably arranged on the process chamber wall, transversely to
the transport direction. The low-voltage arc discharge de-
vice can, for example, and preferably be arranged in a box-
like attachment, here in the form of a discharge chamber,
which is connected to the process chamber by a long narrow
opening in such a way that the low-voltage arc is arranged
directly opposite the workpiece{s) or the zone to bs proc-
essed. The low-voltage arc discharge is generated by an
electrically heated or thermionic emission cathode and an
anode arranged at a certain distance. A corresponding dis-
charge voltage is applied to this anode, causing an arec
current to be drawn. Thig discharge features a gas inlet
port through which the arc discharge is supplied with the
working gas. This arrangement is preferably operated with a
noble gas such as argon, but as has been mentioned above,
alsc resctive gases can be added. The size of the discharge
path should be at least B0% of the treatment zone width and
be positioned relative to the treatment zone in such a way
that the desired treatment distribution or homogeneity can
be attained. To achieve the corresponding sputter etching on
the workpiece, the latter or the workpiece holder is oper-
ated with a negative voltage relative to the arc discharge
arrangement. Depending on the process, such as in reactive
processes during the coating, the arrangement can also be
operated without such a veltage or even with a positive
voltage, that is, with electron bombardment. Aside from a DC
voltage also a medium or high-frequency AC voltage can be
used, and also superposition of DC on AC is feasible. The DC
voltage can also bes pulsating, and it is possible to super-

SUBSTITUTE SHEET (RULE 26)



| east one hard material layer in a vacuum chanber, thereby pre- 20

sel ecting process paraneter values for the PVD deposition proc- ess
step beside of either or both of the two process parane- ters, nanely
of partial eI of the reactive gas and of bi as TETABIYRIRY ¢ he
tool body. It is one of these two parane- ters or both which are then
adjusted for realising the desired 25 (Jerr] values, thus, and according
to the presenfpdeRigptsion, bias -4y tage is increased and/or parti al
reactive gas JHaESﬂY Sak® thereof RAUERS A0 sgplyd wity suah uesupply ch are, as
expl ai ned abPé/eisma)ﬁ ssbb e r%Stco%trtp.{ eéﬂt@@kYr@ic?m?@t E;oé%rssgé'enx@t nmost 0.5

or even at red | S err rr Besi de t he
i nventively @3¢ &Pl b?t%?ftg‘é#ff T iFFeYR 1"Jha°ﬁ "éfr ea, Wth
respect to dielectric zones exist or are formed on the equipmentlgn =3
1 (111) is | atpetpcxpmizckysunfeted.arger than 20 tinmes the aver- age

noi se |l evel of intensity, neasured according to Ms.

The desired distribution with respect to the processing zone
can be set via the length of the discharge and its location.
Another parameter for controlling the distribution is the
plasma density distribution along the arc discharge. This
distribution can e.g. be influenced with the aid of addi-
tional magnetic fields which are arranged in the area of the
discharge chamber. For the setting and correction of the
process parameters, permanent magnets are positioned along
the dischargs chamber. Better results are achieved, however,
it the discharge path is operated with additional, sepa-
rately powered anodes which are arranged along the discharge
path in accordance with the distribution regquirements. With
such an arrangement even the distribution curve can be in-
fluenced to a certain degree. Preferred is, therefore, the
arrangement without correction magnets and with more than
one anode along the discharge path., However, it is also
possible to combine this preferred arrangement with addi-
tional correction magnets. Additional anodes can be readily
operated in combination with a single cathode. It is advan-
tageous, however, to have an emission cathode opposite each
anode in order to achieve optimum decoupling of these cir-
cuits which in turn improves the controllability.

The thermionic emission cathode is preferably arranged in a
separate, small cathode chamber which communicates with the
discharga chamber through a small opening. This cathode
chamber is prefersbly equipped with an inlet port for noble
gas., If desired also reactive gases can be admitted via this
gas inlet. Preferably, reactive gases are not admitted into
the cathode chamber but, for example, into the discharge
chamber. Through the opening in the cathode chamber the
electrons are drawn to the anode or anodes so that the gas
which is a least partially ionized also emerges from this
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In fig. 2 a typical intensity versus angle 2[err] diagramis shown
for the titaniumalumnumnitride hard material |ayer deposited 5 in the
Jerr] [err] 1 region of fig. 1, resulting ina (ferr] value of 5. 4.
The averagewoowss9d evel N i's nuch |ess than |1(200)/20. MEEIBI7/01090 urerrent

i s done according to Ms. - In Fig. 3 a diagramin anal ogy of that:
fig. 21is sh;vmb(?l " the titaniumal um numnitride deposition belng
control | ed b§PPE bifas vol tage and Ailtrogen partial pressure to

i nventivel y dp@ning. The SpHoceks chakbé¥ rik Eﬁéférahy The igRed! | ilnl BgeHJ err] val ue

0.03. He I | 0 th
ggerage . ;gwggamt the cekapaln(%%g,%% gem}]%h LIS E?&ccgig;fgig rrfz Mse
‘e

ure
Pl ease not e TA%aEIN%s £9 d’rri“ﬁ?e"?’é?ﬁé&ilx '\/é"gq ‘é‘}rﬁfﬁﬁa‘:ﬁé
spective rehombende prxsferakly asvxdnpogdridiavg pes enodeqdar the cath- (accor di ng
to M5). ode tRaiibeg. t¥e xikagp@itngnifnpledgyably tdrebngdd t ldewd+ gs. 2 and 3

f n f that th
: fmt ensiti es %293; a!\éﬁaﬁf@g &Qe' @Effxgnfgiie:lgg é%rc%ge:l%l?ﬁsﬁtffen a e

particle formation.

In addition to the low-voltage arc discharge arrangement the
process chamber is equipped with at least one additional
source, preferably in the form of an arc evaporator. These
sources act radially in the same direction from the outside
toward the central axis or the processing zone. It is advan-
tageous if the low-voltage arc discharge is arranged before
the coating source with respect to thes transport direction.
An arc evaporator, like the arc discharge arrangement, usu-
ally has a linear extent that is transverse to the transport
direction so that the entire processing zone can be coated
with the desired homogeneity. In:the proposed coating ar-
rangement several round arc evaporators are preferably used
which are distributed along the chamber wall in such a way
that the desired homogeneity ie achieved. The advantage is
that the high power consumption of the evaporator can be
split up and that coating thickness distribution can be
better controlled or to a certain degree be even adjusted by
means of the power supply. In this way exceptionally high
coating rates can be achieved which results in high economy.
For example, a procsss for tools, particularly shaping dies,
would be configured as follows:

Process example

The system configuration corresponds to illustrations 2 and
3. The toocls are not rotated around their own axis but only
passed in front of the sources by rotating the workpiece
holder around ite central axis. A coating zone with a width
b of 1000 mm and a diameter d of 700 mm is formed, within
which the workpieces are arranged. The process chamber has a
diameter of 1200 mm and a height of 1300 nm.
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20 pared with those in the area outside P. None of the val ues | (200)
and 1(111) reaches the value of 20 tines the noise aver- age |l evel N-+.
Thus, by sinply adjusting at |east one of the two Clerr] trolling
reactive P\Wopsosess paraneters, nanely of reactive g"é?"By/‘fi%
pressure and of workpi ece bias voltage, t he i nven- tively exploited
Qerr] value is controlled. - 20 -
In fig. 1 there is generically showh %@t?l[err] < 0 the adjusting

direction forAAPe®Bi¥ @ Qerr], and it is obvious that in opposite

di rection of Eaadyiustpanrgm@mwv\o controlling process paraneters, and increase

of Jerr] isiswaeheédhe arc current Irva = 200 2
Arc discharge voltage Upva = 50 V
Argon pressure Par = 2.0 2 10~ mbar
Etching current Tgub = 12A
Etching time t = 30 ain
Etching depth : 200 nm
Coating:
Current for each arc evaporator Iape = 200 A
{8 e#aporators with 150 mm diam. titanium targets)
Arc discharge voltage _Uage = 20V
Ritrogen pressure P2 = 1.0 x 102 mbar
Bias pressure Uptas = =100 V
boating time t = 45 min
Coating thickness TiRN 6 s

The process cycle time for one batch, including heating and
cooling, is 150 min.

Thei;nltége generation equipment for the negative accelera-
tion voltage on the workpiece is usually operated with volt-
ages of up to 300 Volt DC, but.to protect the workpieces the
voltage'is preferably kept within the range of 100 to 220
Volt at which good etching rates are still feasible without
defects. The low~voltage arc arrangement must be operated at
least 10 cm away from the workpiece, but the distance should
preférably be > 15 cm, or preferably within the range of 15
to 25 cm at which high rates with a good distribution are
achiaeved. . :

The coating system according to this invention is particu-
larly suitable for processing tocls such as drills, milling
cutters and shaping dies. The holders and the transport
device are designed specifically for this type of tools. The
present coating arrangement is generally able to achieve
good results even if the workpieces to be coated are rotated
only around the central axis of the equipment. In particu-
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" Appendi x A" - 21 - Process and apparatus for workpiece coating
The present invention relates to a coating arrangement ac- cording to the
generic specification of claim1 as well as a process for coati n%

wor kpi eces @@%944bNg to the generic specification of clai REWIBI701P% nany
known vacuum treat nent processes, cleaning of the workpiece surface is-

per f or med prl,. é% Qy4aguum coating. In addition, the workpi eces my be
heated to the sired tem per at ur e -béBore or after the cleani ng step. Such
steps are prisgliypSriyicrdedages ooenklire weRURFEhORBRSTy %t A&t h of the
coat.i ng to bpastapase twex be Tivaied siraopens alysyen npdet aetatinn agxehndat i ons where
Worfpi fces extféeﬂebﬁ Ia&maéetd euhﬁry bgr BubPl dieneanted tw;ut haea tgRar ) ;
protection coatin r roaches an
shapi ng di es® gcgﬁt | %g):earaégg% cgg%:t;e" attsmgera%%t 8‘?1 iﬁa?ﬁ cgl and

abr asi ve strﬁ%%“eAﬁr‘?éWPr 9“"&6 d“ nd with the substrate is, there- fore,
essential for useful and econom cal use. A proven nethod for pre-treating
such tool s i shéieaivention 1h aleeqidntlposhmpldeidd, aaddsctienbt ity means of

0N LNl NGexfiingd U nbliy qB el Py 16kehy NG1ubbAlkage DY means of el ectron

bonmbard- nment Troma plasma discharge i s known, for exanple, fromDE 33 30
144, A plasma di scharge path can al so be used for creating heavy noble
gas ions, foFigexdnpld, ceatdss REFaRNgenphtc withe lowcerkiage addscharge t hi s pl asma
toward the wor kpl aceadqwortibey stibsiheatcaneentifoneh téennotagye guateer et ching

as described in DE 28 238.34%,. -

Fig. 2 Cross-section of a typical coating system accord-
ing to the invention, with peripheral discharge
chanber for low-voltage discharge

Fig. 3 "-'ﬁ;'z_:izontal section of the system illustrated in
" Pig. 2.

Fig. 48__ Crass-sect:.on of a part of the arrangement with
.discharge chamber for 1low-voltage arc discharge
am:l multiple anodes arranged inside the chamber.

Fig. 41?_'"_"Same as Fig. 4a but illustrated with separate
_cathode-ancde discharge paths with the cathodes
arranged in separate cathode chambers.

Fig. 4c.'Sa"|_ne es Figs. 4a and 4b, also with separate cath-
ode-anode discharge paths, but with the cathodes
érranged in a common cathode chamber.

Fig. 5§ Service life comparison curves for tools coated
' with the conventional technology and the technol-
_oqy according to the present ixwention.

Fig. 1 illnstrates a known workpiece coating arrangement. A

vacuumnm chamber sexves as process chamber 1 for accommedating
a low-voltage arc discharge 18 which runs in the center of
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In addition to sputter etching another known technique is to Operate plasnma
di scharges with additional reactive gases and to etch the workpl eces

chem cally, however, al so process techni ques conbining reactive etching and
sputter etclwoe/uss feasible. The objective of all these FICEABY&3%ent
proc- esses is to prepare the workpi ece surface in such a way that thes

subsequently "degosi ted coating adheres well to the sub- strate.
" Appendi x A" "BPpendix A" 55" or ol msma generation the af orenentioned

ar r angenment svessamachambevol t atpmgakbe diatterisgeentel agimrtargddton t he
central axi swefcnt hdgRdHiRdhalsyattdieneasoddtes WaE KRreCerardd atr gpged at a
certain di St?iﬁ%g@é?”ﬁ‘imt Rhe Als:al O AeCYhLiSL Galy SUF -pdidegy The coating
IS subsequen eposite y neans of thernal eva oratlorPor sputtering.
Dependi ng on® %‘é’eﬁrg‘c&s%ﬁﬁ eMeREO%HP ﬁﬁﬂ‘fhﬁroﬁag‘elrﬁnibﬁt‘fém'rrent is
generat ed dufde jGigmbere X ddeEnBoXdsr sughermionis chqsosdrrfes dbahich e bias, a
t echni que wheoh besskppiwed asiai gas [indet ey wilhecradwantiagegsed, tthps- ar r angenent
is that |argealighaCuebpNtdasWiiXe SdFybh. PRor dehbl £/6°R0bOYde@NaPS drawn from
the | ow- vol 268,87 gadll Gindbl OklfaiBhbichl SRLIEN! 0L LAS WRLkpi ece. The
| sadvant age , _however ., that the wor aces nust “be arraﬁg in a zone
defi ned radi ‘54“?%&/ PF8Ce85e CHPIRATA g X8 iy ’t“{‘)i‘é? haley iny phuthexy 4myThe pe rot at ed
round the cef¥hgpe shaaber ipcnguadldy tinsilateinfron proveasiderciapbachi eve
uni f orm and bepreadscodl tnsu@atddss 6. shideen diSagvsirAbagly Inkhat due to the
relatively ngi¢dedWerom the cathode chamber via insulator 6 so that shut- '

ter 4 can be operated on floating potential or auxiliary

potential, as reguired. Anode 7 is arranged in the direction

of the central axis 16 on the opposite side of cathode cham-

ber 2. Anode 7 can have the form of a crucible and holds the

material to be evaporated by the low-veltage arc discharge.

Buring the etching process this evaporation option is not

used; only ions are extracted from the low-voltage arc

discharge and accelerated toward the workpieces in such a

way__g.hat that the latter are sputter etched. For operating

the iow-voltage arc discharge 1B cathode 3 is heated with a

heater supply unit so that cathode 3 emits electrons. Be-

tween cathode 3 and anode 7 there is an additional powexr

supply 8 for operating the arc discharge. It usually pro-

duces a positive DC voltage on anode 7 in order to sustain

the low-voltage arc 18. Between arc discharge 18 and the

chamber wall of processing chamber 1, workpiece holders are

arranged that hold the workpieces 11 which can be rotated

around their vertical central axis 17 in order to achieve

adequate process uniformity. The workpiece holders 10 are

supported on an additional workpiece holder arrangement 12

which is equipped with a rotary drive by which these work-

piece holders 10 are rotated around the central axis 16. In

this type of equipment it is additionally necessary to focus

the low-voltage are discharge 18 via additional coils 13,

for example in the form of Helmholz coils. It is evident

that the workpieces 11 can be processed with the low-voltage

arc discharge 18, that ion bombardment occurs when a nega-
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adm ssi bl e cylindrical processing band width either the processable

wor kpi ece size is |limted or the batch size is limted for a | arge nunber
of small workpieces which se- verely limts the cost-effectiveness of the
known arr angga s.- This limtation is due to the fact tphatssbHi@odeOW volt -
age arc discharge which centrally penetrates the process chanber requires a
certain dinension for itself. In order to produce good and reproducible
results, the mppkpaseay nmust have a SUI abI e di stance fromthe di schar ge
whi ch neans t at a.lar port e central pr.oc arrber space
cannot be uti" "c?lta%gsitf a?% té‘ﬁuf?’é‘r‘ﬁrﬁﬁe'ar’f”gngg &M so-cal l ed
di ode di schalbgekﬁrdB%h 49 oH‘é“éP%%hHYgEEPWBGOﬁerPaFéEF‘W t’ﬁ*bﬁr"ﬁ?f-@vol t ages of
up to 1000 Vobltaged &wethilsi gperthe Dvaxkpiedashicay loke\preesrdaved witdven to be
unsuited to appl hfdtdfOnSs mmmegarwcnmsmgéeasﬁei- b mbbes @¥e hand the
achi evabl e Cliecddid dobffm@Rd GRBRAAY {;nﬁ o b CefBGlgy SyanOW. and on

9'
t he ot her han ese es can 'ef ects on sensi- tive
substrates. PR )b%ﬁdf"?'(‘,ﬁ I"’gfhvﬁﬂ"&bg’é &EERY GARPRELMh SRR WPTHRIRS oNnal

processi ng sddhcas byotastednnettinr rtéaelvqiy mm »f sateriml
arrangenent . f¥foolcruciore oxbyppieans asf the low-volragdppeslioc Ahtough

23 - designeg W:Eeb:lﬂgn#(ﬂ?xe'ina@fxetfﬂoﬂesﬁwée&'ngo@faesnomh‘ﬁ@ﬁ di schar ges
tend to concg %& }H’i’h t he é%elsu:lg t hat uncon- trolled e?‘f ts such as
n n e

over heati ng Pyt the functional edge can occur on such
fine edges and points. In the patent application DE 41 25 365 an approach
for sol v- It is readily apparent that the mechanical- assembly for

substrate movement and the arrangement of the low-voltage
arc discharge are rather complex in this layout. On the
‘other hand the degree of freedom is severely restxicted
because the workpieces can only be arranged between the low-
voltage arc discharge located in the center and the outer
chamber wall. A system of this type is uneconomical to opar-
ate for large workpieces or large batch quantities.
An example of a preferred 'coating arrangement according to
the invention is illustrated as a cross-section in Fig. 2.
Process chamber 1 contains a workpiece holder 11 which is
arranged in such a way that the workpieces can be rotated
around the central axis 16 of the process chamber. The cham-
ber is usually pumped down by the vacuum pumps 19 that main-
tain the working pressures required for the process steps.
In the proposed arrangement a large workpiece 11 which ex-
tends beyond the central axis 16 can, for example, be ar-
ranged in process chamber 1 in such a way that this large
workpiece 11 can be processed by the sources arranged on the
process chamber wall. The zons available for loading the
workpieces essantially fills process chamber 1 completely.
In such an arrangement it is possible to position either a
single large workpiece 11 or a large number of smaller work-
. pieces which essentially fill.the chamber volume.

The workpisce holder that rotates the workpieces 11 around
the central axis 1§, spans coating width b transversely to
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i ng the aforenentioned problemis described. It assunmes that the coating is
deposited by neans of a so-called arc evapo- ration process. In order to
produce wel | -bondi ng coatings with such evaporators, the arc of the
evaporat or iy @h'gyvas used prior to the actual coating i nPEDEB7/B10Y t hat
the ions produced I1n the arc, particularly the nmetal ions, are accel- -~
erated out of the evaporation target toward the workpi eces by neans of a
negati ve accel'dppendix #8l t age of typicaély > 500 Volt, but often also in
the range of &0 ro@adN0d¥eddeie®, tTAAkheDE R tERt &Fdoakiing wpuhéermd of f the
wor kpi ece thagefdesnPesi §8dpaAliteiadil S0k tgREPT ORRS NurlthEmeVaRor at or s
oper- ated as a Cﬁa“hﬁg sour.ce. e‘I'sh t:descrl 0t 'agﬂigr%ﬁt'?ﬂﬁert Q?%oésn t he usual
processes basEPESACYHE SPL*L8atT r’i’g  &¥HhoPody " sUCh RArgh voltages are
essential f or 1grasdgerrigoneidthsdRe PE necxasat P ndaraen 98Bt ka%8eaFR8%vaporati on
process. ToegptendenErdrhcthpr obhtaml Okxie eYthat ithg perighely ngf okheuneven nmass
di stribution ggaRgfhRnYOIHRI E£L WIERITRLh Bt ikBeietCH.PBAARY PrOPOSES O
operate. 10 agfllihehdd LiReRtficPy igsm@n@ gLl AL eIk RENRRGG PALN wi L

hi gh vol t age At causes supplémentary 1oni zation Ich'1s coupled to the
evapor ati on aFtereAnteEictPBhdn PRy Fhese SARGAEISNS¥ere HttdRYvact ed from

t he pl asnma andt avege| matatted beo expectedr khrtcenapdcenteiebpryangddent t he desired
et ching eff echccoddingldto thoOnplesanodenvérithionnebind picinbar getpst h oper at ed

froma separaf&iuers SHURRL Yydrie SN eS LBRESL oLAM gldiisheosd RAthNesfd - fect.
During the etchi ng BLOSES t he ar'c_evagpor at S oggi- @te wth a cl osed
shutter so t h819%nhé gu‘b‘étttiﬁ? 29985 SRR ed‘af‘g{ﬁ# e t01F 981 FERY of the
evapor at or, tWEtheny prabjent inedetesl &8I FheFRopFERsE OF PREARSABsPFate. The
di sadvant age ecdrdehee aifowecsarrangenent is that it also requires a high
voltage, that only limted processing hono- :
On the outer wall of the process chamber the etching and
_coating sources are positioned in such a way that they all
;act from the outside toward the workpisces. For the impor-
tant preparatory sputter etching process the chamber wall
features a slot shaped opening, the length of which corre-
. spééﬂg_at least to processing width b. Behind his opening 26
there is a box shaped discharge chamber 21 in which the low-
_voltage arc discharge 18 is generated. This low-voltage arc
fﬂischarge 18 runs essentially parallel to processing width b
and hag an effective length which shall be at least 80% of
processing width b. Preferably the discharge length should
be equal to the processing width b or extend even beyond it.

The axis of arc discharge 18 has.a distance d from the near-
est proceseing zone, that is, the next workpiece section.
This distance d shall be at least 10 cm, preferably 15 to 25
cm. This results in good process uniformity and a high sput-
tering rate can bs maintained. In the lower part of dis-
charge chamber 21, cathode chamber 2 is flanged on which
communicates with discharge chamber 21 via orifice 4. Cath-
qda chamber 2 contains a hot cathode 3 which is supplied via
the heating power supply unit 9. This supply can be operated
with AC or DC. Cathode chamber 2 features a gas inlet port S
for supplying the working gas, normally a noble gas like
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" Appendi x A" - 24 - geneities are achievable, and that through
the coupling of the different plasma paths al so the adjustnent capabilities
in the operating environnents are limted. In addition this arrangenent is
very conpli cgbhasghagd consequently costly to build and oper ateasvhionioo
seriously impairs the econony of a production system The utilization of
vol tages in excess of 1000 Volt requires additional safety precautions.
Syst éns t hat ‘mnppehased'on the current-t&thnol ogy are not well suited to

hi gh t hr ough i I ' r ' | i ;e stens that
acconmodat e g%bﬁ:t ! nér\%i gﬁ%‘ g?’ GEER s LY ¢t E%lgeﬁbﬁt only with

up.to 10 and nore c
great dif- fFiR Pﬁ?"?”f’eat 1% i ‘lﬁe"?&gbg%newof“f’fnhé Vf)"rrg‘s?(‘ra“ﬁtg'?'sne\il'ent ionis to
el i m nat e t heiamfrRyoestmhiahanber dif Lydweaarsgels aypidferyc @2 fedbitedtnol ogy, in
particul ar bgetdveapassp areoptefegably avgéneed dindcbly pingpoprodesg a process

that is suitgidnpebol vdgpae Ghigt vel! - adhering coatings on a |arge nunber of
wor kpi eces, or on individual |arge workpieces with uneven nass

honpgene. 1137 e WRRE=T BERE AqHRFYS GIBMBRT i SBPRR L PRgisce. - This i
achi eved by trefiegidi WhichhdspAeeiansd aps ampneda: BersupPlynBdimtcante begi nni ng
i N accor dancfestielihvdétiees cithclerd andi spdaont ionsueh &lvaiymthat amd by the
coating procgsss s 10 QGrOLHLIM 7t And NE 160R0S1LaGh! 2 hiBERAdgeN Of claim
4. Accordi ngly g N O aP LgE Ry S hOREaivaS vEPAIRT 1S cRXPOSSD 1O

plece holder or to the workpieces 11 with the -aid of voltage

génerator 20 between the low-voltage arc discharge arrange-

ment and the workpiece 11, argon ions are accelerated toward

the workpieces so that the surface is sputter etched. This

can be achieved with acceleration voltages of up to 300 Volt

DC, but preferably with a voltage in the range of 100 Volt

to 200 Volt to ensure gentle processing of the workpleces

11. The. process uniformity can be set through appropriate

positioning of cathode chamber 2, and by arrangind'aﬂéde“?

relative to processing width b of the workpieces to be proc-

essed in accordance with the process specifications. Another

factor is the shape of anode 7. The latter can, for example,

have either a flat, dished, or rectangular shape, or be

designed as a tubular, cooled anode.

Fig. 3 shows a horizontal cross-section of the system based
on Fig. 2. Shown is again the box-like discharge chamber 21
on the outer wall of process chamber 1 which communicates
with the treatment zone through slot opening 26. Of course,
several such discharge chambers can be arranged on a system
as required, for example to further boost the processing
effect. Also illustrated are the evaporation sources 23
vhich are flanged to the chamber wall. For example, magne-
tron sputter sources can be used as evaporation sources 23
but for achieving high processing speeds at low costs, so-
called arc evaporation sourxces are preferably used. The
advantage of this arrangement is that the arc evaporation
sources 23 can be freely arranged from the outside in such a
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a plasma source designed as a hot cathode | owvoltage arc di scharge
arrangenent by transporting it transversely to the |linear extent of the

| atter's di scharge path. The workpi ece is connected to a negative vol tage
so that ionwoanesex- tracted fromthe arc discharge and EVHP®d to t he
wor k- piece, causing the latter to be sputter etched. Subsequently the

wor kpi ece is coated fromthe sane side fromwhich the | owvoltage arc

di schar ge wa$aphdrddii . - 38 - - 25 " Appendi x
A’ The pref gp2dndeskBRodédr itAB! A1 fr {blifed OAtraRgemintangemtient orm ng to
the invent! Ofbudtss AGRCdeBEkd LohBind® HRADELIYC LGk "o 2pd i A0 1 he

preferred deSjgn variants o e process”jn_clai 4 to Etching with
b " TF g e |

a hot cat hodtoGRarIPs AtfFeafen tganed- IFabif OVPLEME Y source i s
parti cul ar| yitadimnererseorfdyepeegasse 30thtar @88 SéRalPesrestnBe!®Sperated with
di schar ge voeéispgestioh soui@es\mitt sederal sednieri hadunihssugeesecess | S not

afflicted bysidgrdisaayant 8L Spedt phi:gh oY oL hd 08tk NiAdacderaidag Wi t h

| ow vol tage a schar.ges . articularly harm ess to the workpi ece,
that is, the” tﬁ’ngl!-w gf?ﬁ%t%uféeiu%iﬁ%é?ger wor kpi eces such as cutting edges

are adversely af- fected neither by thermal overload nor edge rounding
caused by hiE¥kg.erfer ghlliterrasesnbanstient advaidagsote wvheiangl xfi vidiey | ow
di schar ge voadraggenent! RecoiiltgN@o the invention in which cathode
chamber 2 ig located on the top of discharge chamber 21. The
advantage is that the operating of the discharge path is
least disturbed by particles which always occur in such a
coating system. Also shown is a the possibility of subdivid-
ing the discharge path by using several anode-cathode cir-
cuits and making the intensity along discharge 1 adjustable.
The main discharge is generated with power supply 8 between
main anode 7 and cathode chamber 2. Additional ancillary
discharges can be generated with auxiliary anodes 24 and
auxiliary power supplies 25. In this way it is possible to
adjust the power density of the discharge along the entire
discharge path between ancde 7 and cathode 2 locally and
with respect to the intensity to the homogeneity require-
ments of the workpiece. :

Fig. 4b shows an alternative arrangement. The anode~-cathode
paths can be kept completely apart, or even decoupled by
uaing separate anodes 7, 24, separate cathodes 3, 3‘, and
separate cathode chambers 2, 2’. Another version is illuse
trated in Fig, 4c in which two separates ancdes 7, 24 are
used, but a common cathode chamber 2 with twe hot cathodes 3
and 3', '

Pig. 5 illustrates the test results of HSS finish milling
cutters that were processed according to the invention
(curve b) and the conventional technology (curve a). In both
cases the milling cutters were given a 3.5 pm TiIN coating.
For the milling cutter according to the conventional tech-
nology (curve a) high-voltage etching was first performed in
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range of 30 to 200 Volt DC, but preferably wthin the range of 30 to 120
Volt, a very high discharge current of a few 10 to a few 100 anpere,
preferably from 100 to 300 anpere, is feasible. This neans that this type
of dischargggdsngdese to produce a very high ion current atCrgBs7@se9dgy. Due
to the high ion current available, a high etching rate can be achi eved.on
the substrate at a relatively | ow accel eration voltage, and as has been
menti oned bef'@ipendtikha'gent| e treatnenggof the workpi ece. The extraction

vol tage or tf g?) Fﬂ%‘a?%ﬂe&%&ﬁ'&at l?@r seﬁb.s;.{ﬁtﬁ '&We&hkéb-t he range- of

-50 Volt to - reea 0 to -200
Vol t. The iof® ET}FI’ {’ycﬁ) Q,H; E 6P KD “cccé’gd'é :%é’ve}s‘e aqggglgr? 5to 20

anpere, Wit hvasprseferThey Lok IGPH@W%‘T@e“‘f%ﬁFSf"c 3%M% anpere. The processing
wi dth for the workpiece or workpieces can be up to 1000 mm Wth a some-

what nore el %berﬁtnqsﬁqm@ loudlesi 0N absk.! 86 Ge processing widths are
f easi bl e. ethy ues depend, not only on the operating values for

the arc di sc arge Et RS0 on their georretrlc arrangenent relative to the
woi kpi ece, as well as on the selected working pressure. Typical working
pressures ar gest materiglder of 10-3 nbat2 CFYed dPENa 73851 he

"Appendi X A" Hardness: - 26 - arc di skkrangesa noble gas is used as the
wor ki ng gas, pref- erably a heavy noble.gas such as argon. |In the past,

| ow vol t age 3fa di;scharge arrangement s, g\/&he r%) Hnon symmet ri cal which
means that the arc discharge was arran in the center and the wor kpi eces

wer e rot at edcaFBHstP?ﬁds arc di scharge ¢ J/®{Rd in the central axis. The
Feed per tooth . 0.088 mm

Feed 280 mm/min
End of life: Spindle torque 80 (arbitrary unit)

The result shows clear improvements in the life of the tool
treated according to the invention. An improvement by a
factor of 1.5 or more is easily reached. Important: is not
only the extension of the. tool 1life but also the flatter
progressing of the torque. curve which is indicative of the
deterioration in tool quality toward the end of the tool
life. In the example according to Fig. S this is clearly
recognizable at a total milling depth of 15 m. Curve a which
represents the conventional technology shows a2 sharp dsgra-
dation in tool guality at a total milling depth of 15 m.
This shows that the cutting quality achievable with the
conventional technolecgy has a greater variance across the
entire tool life which means that it is not very consistent.

Systems bullt in accordance with the invention as illus-
.trated in Pigures 2 to 4 achieve far greater throughputs
with the aforementioned high gquality than system 1 which
confoms to the conventional technology. Throughputs can
easily be doubled or even increased by a factor of 3 to 5
which d:amatic_ally increases the economy.
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assunption was that the rotation symetrical arrangenent with the centrally
arranged arc di scharge woul d offer the best possible result with respect to
uniformty and speed of the etching operation. Surprisingly it has been
shown, how woew4éezhat the asymmetrical arrangenment proposeri/ibyr/o1ése

I nvention is overall much nore advantageous than the afore- nentioned
rotati on symmetrical arrangenent. Wth a rotation symetrical arrangenent.
wi th the arc “tippehaigeai n the cen- tral axis the placement of |arge volune
wor kpi eces i Sumsarystricted toward the t®nter by the arc discharge itself.
In adgltloln %th%k@u@pqsrm%tmsb%n: ﬁigtaft-slgltcmhta%u )Eo@%;ﬂ’uﬂﬁtt he Cen: L al
axis but als X{ S S0 ..a e e | Nng_process e
et ched wor kpi%‘e‘g{:éog%r péflgg&éé c%ér?ﬁgg ic’:%%%‘é*d%’%%%é‘ai'a?é?y Wetnﬁg?%e&c%ati ng

sour ces arrafgBPe 5® FREFteRafERY the toolenyith a Len-yohkses eradbguat e
di stri buti on cbhrgehenditohenpseguendysceard thhm fooat theg diectinesshegnsur ed. Tt

has al so beemagbmsentdrathethe di stance of the workpiece fromthe arc
di scharge is nore critical in a rotation sym netrical arrangenment than in

an asymretri %ﬁtat@:r rangement in which the workpiece is exposed only from one

side toward the arcC °|§charge. In the apparatus according to the

I nvention it is possible to pass | arge-vol unme workpieces in front of the
arc di s- chalgeCoartingubrehgiehertnZor r titeiting , workpheddae (0 €5 Ubilent Bat the si ze
of the process ¢Bankeprsduisbenisint mi ind & eptaRabléudcemyid agd the
o ani 1 aant i e o, €hpCohselEC ko Lol aCebat it spure @2 ar r angerent
according to t h&THFEA- 1PEife.i i8q\PhArERfeo ARdn deignIcharkAr | 2aige- vol une
wor kpi eces but PEuinped| witlhoa shajiddng papdiosmrwensperandesicr | wrbous| y

: defines a treatment zone (b) for positioning or passging

the workpieces (11) in front of the sources, with said
sources being arranged at a certain distance to the
workpiece and acting from the same direction, character~
ized by a plasma source (18) designed as a hot cathode
low-voltage discharge arrangement, the linear extent (1)
of which in a direction transverse to the workpiece
transport direction essentially corresponds to width (b)
of the processing zons, and containing a device for gen-
erating an electrical field (20) between the arc dis-
charge (18) and the workpiece (11).

2. Arrangement according to claim 1 in which the holding
and transporting device for the workpieces (11) is ar-
ranged rotatable around central axis (16) of oprocess
chamber (1) and with sources (18, 23) arranged on the
chamber wall in such a way that they all act radially
from the outside in the direction of the central axis
(16} .

3. Arrangement according to claim 1 or 2 in which the
Plasma source of a discharge chamber (21) is arranged on
the outer wall of chamber (1) where inside or on dis-
charge chamber (21) a2 thermionic emission cathode (3),
and at least 80% of the processing zone width away and
along processing zone width (b), an anode (7) for gener-
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" Appendi x A" - 27 - process a correspondingly |arge nunber of
smal | er wor k- pieces. Anot her advant age of the arrangenent according to
the inven- tion is that the etching apparatus no | onger has to be con-
structed as wosmssyral part of the process chanber becausBCTABIH@M8: to be
arranged only in the area of the process chanber wall which nmeans that it
can be arranged as an elon- gated, snmaller discharge chanber on the
latter's outer waldppeodikak” far greater4¥ reedomis achieved in the design
of the process cétimges. lovw-viktage\ant BésghargenclB)has positionedasnfe- nent is
far l-ess criticaln WHibhr &5a0agémdne &heollieSigaBCpolte-(shWerndidehasge di scharge

oSl 15 19 aoh coutiny Ryt ST VoTRRT iRk HARL (SRERRMRI A Y ccur
with |arger wor kb‘f°€8e§ Tﬁ'é“&of%ﬁ%g% ﬁ?‘*"éznta“f’hﬁf"’é%ﬁ?cﬁe)(@) acted from
the arc di schar g&sedy 8| pay ddafeShey PAAE Hfe RILF yithigh weEkRieSeahtf)can be
concentrated ful sy Omtt tbewpligmee sesrcd henabyenemad @i, ng. t b8, d2k)i red hi gh

etching rates. Th@caténidlasSLpaheddr0Bteingh@edioy: vol tage arc di scharge or
the plasma source fromthe process chanber or fromthe treatnment zone al so

affords a hi ghﬁraﬁeggaﬁanef adddRRERYN voN ohd Co e UPr fedihy 531%@H5 C and
consequently a {]%LL%' E' &a’i@&‘&%%{ h%{,‘%é’f(zﬁ Feex%af.dﬁ.g design to the

process I’eCIUI rerrent S

rot ati on- symmet r FteaP1asna, pathett nicertatrs Harars rf"f’ﬁes‘t‘@ntplla?“‘am s of the
equi prent . Forpatdpdsi axmgged hekvedno enissiopogsthngieaf 8 brandhenedechi ng
process, one 0Or (M dofdshjusoival the oplisabi AénsIeyr Apscrabhtidy along

arc discharge (18).

‘5. Arrangement according to one of the preceding claims in
which anode (7) and the additional anode (24) are con-
nected to separate, adjustable power supplies (25), and
featuring an opposite cathode (3) preferably for each
anode (7, 25) which together with the corresponding an-
ode (7,25) and the separate power supply (8, 25) forms
it’s own adjustable power circuit.

6. Aéfangement accoiding to one of the preceding claims in
which the emission cathode (3) is arranged in a cathode
chamber (2) separate from discharge chamber (21) and
with said cathode chamber (2) communicating with the
discharge chamber (21) via opening (4) through which the
electrons can emerge, with the noble gas inlet port (5)
preferably arranged on this cathode chamber (2).

7. Arrangement according to one of the preceding claims 2
to 6 in which process chamber (1) with its central axis
(16) is arranged vertically, and cathode (3) or cathode
chamber (2) is arranged above the anode (7, 24), and the
opening (4) of cathode chamber (2) is preferably point-
ing‘downwa:d

8. Arrangement according to one of the preceding claimg in
which at least one coating source (23) which preferably
consists of at least one arc evaporator {23) is arranged
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fromthe sane side are arranged on the process chanber wall. Particularly
suited are sources that can be arranged in such a way that, |like the

el ongat ed | ow vol t age di scharge, they coat the workpieces transported in
front of the¥PMM¥3s a correspondingly el ongated area. SuPCEMBBOW®ources
such as sputtering sources or arc evaporation sources. Practice has shown
that so-called cathodic spark evaporatqors or arc evaporators are

particul arly sui'®®genditdde wel | - bondi ﬁ@ Coatings can be econonically
produced by thes® #hel P¥reesf echamdar nepldt glekhgter bhesklasmeseourss| s processed
t hrough this (18) whichAppanchvedAfurthex ahead in -tha8tramsppoanighrent achi eved
a useful life thake@s significantly and reproduci bly | onger than achi eved
by known arc evapo- rated coatings with precedi ng high-voltage etching. For

exanpl e, the giseidthnddnbft GcceidingNfo L SeStRd) FRecBiidd BYafil igr s was
i nproved by a fagtor gf, %1}: St@fgﬂgwrtgﬂﬂr ist 4§ iqa}‘r Idyéégvorﬂbl e cases

even by a nultiple over ques, tYon a very
honogenous et ch &#°E-° PPb‘iﬁ VV\BE' zi’c?ﬁf%’i?@&lymfﬂrcl’ro? £9r29%¥s dependent on
t he workpi ece q(%eomatr and al so allows mixing of different sub- strates in

a batch. AR angsmERb AFGOEFIn 5R RN °Ftt§‘% presed s £13in%0d8i bl e to

i npl ement  pr oces?é’ésh e dew-yohrade mobl disghsrses mxrandementi (IB)cHenical |y
active gases bedauseed he Laiwcvobtagodutr préfierabDparsgacaesismtaaygases such
as Nerr], H errdrodafgkpicde (Hdijvanted parasitic discharges produced by

I nsul ati.ng surfaces can be easr I y controlled with the | owvoltage

di scharge. Tha.l@¢angement according to one of the preceding claims in
which the holding and transport device is designad as a
tool holder, particularly for drills, milling cutters
and shaping dies.

12, Arrangement according to one of the preceding claims in
vhich at least one magnetic field generator is arranged
‘in or on discharge chamber (21} for adjusting the plasma
density distribution.

13."Arrangement according to one of the preceding claims in
which discharge chamber (21) has. an opening along the
full width’ (b) of the processing zone and with the open-
ing facing the latter so that the processing zone is ex-
posed to the arc discharge.

14. Process for at lsast partially coating workpieces (11)
in a vacuum process chamber (1) with a plasma source
(18) arranged on " the procéss chamber and a coating
gsource (23) and with a holding and/or transport device
arranged in chamber (1) with said device determining a
treatment zone (b) for positioning or passing the work-
pleces (11) in front of the sources (18, 23), where the
sources act from the same side and are arranged at a
certain distance from workpiece (11), and in which proc-
ess the plasma source (18) generates a hot cathode low-
voltage arc (18) in a direction transverse to the worke
piece transport direction essentially at least across
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voltage arc discharge is preferably operated with a separate cathode
chanber or ionization chanber that accompdates a hot cathode and

comuni cates with the di scharge chanber or the process chanber only through
a smal |l opernwmgpiadfze gases are preferably admtted via thiECTIRIMINES
chanber. This re- sults in a certain gas separation between the process.:
cham ber and the coating sources which, reduces or elimnates the problem
of target cont amMRRE"GAX A th this arré%gemant it is also possible to

perform act!vat ig@8 QP t.,b&)V\DMpIQQCQhWI ithesiireher @Bhe PRACESH QREMS dyri ng the
actual coating @é&g Ih% o &d xgyﬁeagb&mht 'tﬂ&‘saé‘@rh;l%ﬁh é‘bl i shed by

choosing a corréspon ven poslgél ve voltla e wor k-

piece. As the aWri g%‘[s]“’ ﬁﬁeertgﬂ *HEVEEG SRATIR ST ﬁr7 rg’f:ﬁm of the
sources several thenpiasigr rsﬁg*-h“pr*éeﬁssﬂ%t% ‘F‘%F%Pﬂ%‘i‘edt ‘oMe¥ et t he
necessary etchi ngbdeqitk, or coating thickness as well as uniform and
reproduci ble treatnent, it is advanta- geous to design the apparatus in
such a way t hst. sreeeswOrdecopdimgesocanaime I4otiat adhien otind woxkphéced axi s and

to arrange the SQuieSDrafeldiiy C&@ﬁbﬂaomg abburilCBnéra@laxiibajaghey all work

f th tsid
e Ut 9% Vi Bt 1 (oK B e s o

processing in sl a ?(/?/ay"t‘%a& 'f}btpéf’%? Pt R1asmA; FEPAYBOPE O (he same
space, however, <usothrohgh g@amﬁrtyerrmr Segbprdnenkplacestirsbeptert different
size, can be arranagent esatingobfiebripiecpacErdin a second step.

16. Process according to claim 14 or 15 in which the charge
carriers consist of lons that are extracted from the arc
discharge (18) directly with the aid of a negative work-
piece voltage in such a way that they sputter etch the
workpiece (11).

17. Process according to one of the claims 14 to 16 in which
the homogeneity of the etch distribution across coating
zone {b) can be set to predetarmined values by selecting
arc length, the distance (d) between the arc and the
workpiece, the pesition of the arc relative to the work-
piece, as well as by adjusting the plasma density dis-
tribution along the arc.
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across the sources while rotating around this central axis in order to
achi eve honogenous results. Such an arrangenent is particularly conpact and

easy to build which is essential for an econom cal process. The pl asna
source or tWOoMBR20l tage arc discharge is pref- erably aPCIABEO1UA t he
process chanber wall, transversely to the transport direction. The

| ow-vol tage arc di schar ge de- vice can, for exanple, and preferably be
arranged i n ‘@apsRdixiXe attachnent, ~-héte-in the form of a di schar ge
chanber, whiRig.i% connected to the process chanber by a | ong narrow opening
in such a wasbmap; tt;b@,d Qe:wpl tage arc is arranged directly opposite the
wor kpi ece(s) ol 0 be proc- essed. The |owvoltage arc discharge

i s generat edEnb Fectr aI |y kggat ed, . or ther ni.c em ssion cat hode and
an anode arr é@%ﬁgﬁﬁfé og A AL e (ArE 59 g’ﬁﬂndl ng di s- charge

vol tage is dsprveXtage t4xcs atmdeg caudihg HMn 3#’& dereerficaténrPe drawn. This
di scharge feansemsionygas inlet port through which the arc discharge is
suppl i ed w tepthDeamiiQikd RBpeRgm) Thi s arrangenment is preferably operated with
a nobl e gas such-as argon, but as has been nentioned above, al so reactive
gases can be added. The size of the discharge path should be at | east 80%
of the treatnent zone width and be positioned relative to the treatnent
zone in such a way that the desired treatnment distribution or honpgeneity
can be attained., To achieve the corresponding sputter etching on the

wor kpi ece, the latter or the wor kpi ece holder is oper- ated with a negative
vol tage relative to the arc discharge arrangenent. Depending on the
process, such as in reactive processes dur.ing the coating, the arrangenent
can al so be operated w thout such a voltage or even with a positive
voltage, that is, with el ectron bonbardnment. Aside froma DC voltage also a
medi um or hi gh-frequency AC vol tage can be used, and al so superposition of
DC on ACis feasible. The DC voltage can al so be pulsating, and it is

possi bl e to super- ‘ o
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" Appendi x A" - 30 - pose only part thereof on the AC supply.
Wth such a supply it is possible to control certain reactive processes. It
al so can in particular avoid or prevent parasitic arcs if dielectric zones
exi st or araevbewrse on the equi pnent and the workpi ece surPGEHS7/0109he
desired distribution with respect to the processing _zone can be set via the
| ength of the discharge and its | ocation. Another paraneter for controlling

the distribution is the plasma density di glribution a m m

di scharge. This distribution can e.g. be influenced VJ! 'l"‘ = Hﬂuﬂlumdi-
ti onal magnediginfd:el ds which are arranged in the area df thé dfscharyge
chanber. For the setting and correction of the process paraneters,

per manent magnets are_positioned a%pgg t he di scharge ,chanber. Better
results are achi &v&FPLhEHER & T PREYIRRE AMRRD AT IFE2Bhet AY R SHSTHE™.
addi tional , $£RA1avRkeLYsPONCERprARAAGS avhl Eds@IchallagRCeraoRg JHifein

di scharge path in accordance with the distribution requirenments. Wth such
an arrangenent even the distribution _curve can be in- fluenced to a certain
degree. PrefeMec@omprisag etidium padaptdRt@#®int wit hout correction magnets
and with nore than one anode al ong the discharge path. However, it is also
possi bl e st 0 cqhisnatt DbssOreeL e dinibgas eakdtoMd-maddi - tional correction
magnets. Additional anodes can be readily operated in conbination with a
single cathode, .It is advan-_ tageous, however, to have an em ssion cat hode
opposi t e ead@PhNB§Eein IR 1AVETaLAPe R0 FEEM decoupl i ng of these cir-
cuits which in turn inproves the controllability.

Q < 2

énd said tool is one of
~ a solid carbide end mill;
10 - a solid carbide ball nose mill;

- a ‘cemented carbide gear cutting tool, whereby the value of
T(111) is at least 20 times the intensity average noise

value, both measured according to MS.
2. The tool of claim 1 wherein there is valid for said Q;:
15 Q; < 1, preferably:
Qo £ 0.5, theréby éreferablyz
Q, 0.2, esp%cially preferred:
Q £ 0.1,

3. The tool of one of claims 1 or 2, wherein said MeX mate-
20 rial is one of titanium aluminum nitride, titanium aluminum

carbohitride, titanium aluminum boron nitride, thereby prefera-

e
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The therm onic em ssion cat hodeﬁ(efe_r \m‘anged In a separate, small
cat hode chanber whi ch comuni cat egii \k\ \ ‘\ arge chanber through a
smal | opening. This cat hode chansg!}“\

ersablly equi pped with an inlet
port for nobvesyuds2 |f desired al reaCtive gases can be PEIABY0&0OVi a thi s

gas inlet. Preferably, reactive gases are not admtted into the cathode
chanmber but, for exanple, into the dischafjge chanber. Through the opening
in the cathode chanber the electrons are drawn to the anode or anodes so
that the gas which is a least partially ionized also energes fromthis
"Appendi X A'bly one of titaniuXl alumbpenimifriflec apdotissnilwmriemingm car-
preferably desi, negFi n such a way that the central axis around which the
wor kpi eces 95”19:511 fng, is arranged vertically. The cathode or the cathode
chanber is preferably arranged above the anode. In the cath- ode chanber
the exit openi ngThe poel esfldng afreinsjedadmeni wvarsl, witaed pmMeafigetghet s

sinplify the entiire handling of the system and helg t voi d probl ens that
can be cause‘?f“W‘ﬁﬁPt?ElJeeaf%r PRE; Dprthey r?TEH'&f’Fi gn t%‘?t SERRoFPRge arc

di schargeg ard:agegest boeod @88e6n Lhd/NAIfrisme Yt ©pBsh Wi idbnl, e8ghgone
addi tional source, preferably in the formof an arc evaporator. These
sources act S%H:aFhyoniumhdhexebyPFekeradyf PEnRE hkedilt SMge ofoWbFyivhe

central axi g Sgligcﬁﬁo%%o%nzone. It is advan- tageous if the
. a

| ow-vol tage arc .discharge is arranged before the coating source with
respect to the transport direction.
5. The tool of claim 4, wherein said further element is con-

tained in Me with a contenﬁ 1
10 0.05 at.$ £ i £ 60 at.%,
taken the content of Ti as 100 at.%.

6. The tool of one of the claims 1 to 5, further comprising a
further layer of titanium nitride between said at least one
layer and said tool body and wherein said further layer has a

15 thickness 4, for which there is valid
0.05 yum £ d £ 5.0 pum.

7. The tool of claim 6, wherein said layer system is formed

by said at least one layer and said further layer.

8. The tool of one of the claims 1 to 7, wherein the stress

20 within said at least one layer, o, is
2 GPa < ¢ £ 8 GPa, thereby preferably

£330 Ja'GPa € 0 € 6 GPa.

9. ?he tool of one of the claims 1 to 8, wherein the content

x of titanium in Me is:

————
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An arc evaporator, like the arc dLscha#ge—arr§ﬁ§€ﬁEﬁf, usu- ally has a

| inear extent that is transverse to the tran irection so that the
entire processing zone can be coat emeu sﬁmﬁ“ d honopgeneity. In the
proposed coaWor$y1482 rangenent seve . evapor at orsTassz/opvef er abl y
used which are distributed al ong the*chanber wall in such a way that the
desired honogeneity is achi eved. The advantage is that the high power
consunption of the evaporator can be spldtgsup and that coating thickness
distribution can be better controlled or to a certain degree be even

adj usted by neans of theopgyet SYppPbyaol Beld] oL RIGPL T onal Iy high
coating rates can be achi eved which results 1 n high ecdnony. For exanple, a
process for tools, particularly shaping dies, would be configured as

foll ows: Process exanpPeare st @nbBoatiYyurati on corresponds to
illustrations 2 and 3. The tools are not rotated around their own axis but

only passed i@, f rod coblt B SAMITGETHRY chalaki 10:4 e GCeRhO ound
Its central axis. A coating zone wth g mﬁﬁ%h b of‘1§@%&%%§aﬁﬁga#%$%%e er d
of 700 nm i sy fof daminumhin s#idMe He :wor kpi eces are arranged. The process

chanber has a dianmeter of 1200 mm and a hei ght of 1300 nmm
- 32 - "gppendix A" Etchpng RArARPLegs Ak QA0S BLESULA Lerr]

35 at.%¥ <y < 45 at.%.

11. A method of producing-a tool comprising a tool body and a
wear resistant layer system, which comprises at least one hard

material layer, comprising the steps of

10 . . - reactive PVD depositing said at least one layer in a vacuum

chamber;

- i~:;8electing predetermined process parameter values for said PVD
depositing beside of at least one of the two parameters con-
gisting of partial pressure of a reactive gas in said vacuum

15 chamber and of bias voltage of the tool body with respect to

a predetermined reference potential;

- adjusting at least one of said partial pressure and of said
bias voltage for realising said layer with a desired Q, value
and a value of at least one of the I(200} and I(111l) to be at

20 least 20 times larger than the average intensity noise value

both measured according to MS.

iawm o Lo

12. The method of claim 11, further comprising the step of re-
ducing said partial pressure for reducing said Q; value and

‘vice versa.

—_—
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Arc di scharge voltage ferri—Argon pr’éEE'u’re PAr = 2.0

x 10[err] nbar Etching current _ rr] Etching tine
t =30 mn Etching depth H‘lm ‘!‘@B\lrﬂ r Coating: Current for each
200 A PO

arc evaporatwooodserr] = ors« wi th 150 [ epCi/BI7/61090

titaniumtargets) Arc discharge voltage [err] ARC = 20 V Nitrogen.
pressure PN2 = 1.0 x 10-2 nbar Bias pressure

Ubias = -100 V Coating tine = 48t~ = 45 mn Coating thickness

Ti N 6 [err]m The process cycle tine for one batch, including

heati ng and €®0! iTHe methd8Ccfridlaim Theovrols agsomiariariali @heestepremtic-or t he
negative accelera- tion _voltage on the workpiece is usually operated with
vol t- ages of*%fAF¥ §869\Bres %@1‘:@&5 §8rp?’%$‘é?:’cngn [FR 4o R pY ande V¥ 6Pt age

is preferablyak&pt Wthin the range of 100 to 220 Volt at which good
etching rates are still feasible wthout defects. The | ow voltage arc
arrangenent nust be operated at |east 10 cmaway from.the workpi ece, but

the di stanceléhofi® BeERed 4B \Prse of tBechiaifs dilefsr 4Bl yEWFEIRT AP TigNge
of 15 to 25 oy alnMiel Bk 9he Sl Aany Lhia ggg&ﬂétwbba&baa%g{rﬁ Hhiered.

The coating system according to thi§S invention is particu- I tabl e
f or processiagtiveolcatbadhc aararevaperafiibhi ng cutters and shaping dies. The
hol ders and the transport device are designed specifically for this type of

ool s, The PifseihechBLhag B [ARIGTSE, boxORNE'Abbriabh ife llPYy 000

results even 1T the workpi eces to be Coate
magnetically controlling said arc evaporation.

1§. 'I‘hé method of one of the claims 11 to 15, further compris-
10 lng the step of depositing on said tool body a MeX layer, |

wherein Me comprises titanium and aluminum and X is at least

one of nitrogen and of carbon and is introduced to said PVD de-

positing by reactive gas.

17.. - The method of one of claims 11 to 16, wherein said tool is

15 one of
- amsol.id carbide end mill;
- a solid carbide ball nose mill;
- a cemented carbide gear cutting tool,
thereby selecting said Q, value to be
20 Q, < 2

by adjusting at least one of said reactive pressure and of said

bias v'_oltage for said reactive PVD depositing.

18. The method of claim 17, thereby selecting said Q; value to
be

-
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only around the central axis of the equipnent. In particu-

;ﬁpﬂg:pdi)? émal | parts are to- b§3l oaHmmH“H“lHﬂﬂlquﬂf:%S ?Lei Io?a;/?(r)x L?ggﬁd

t he central @éi%&f g easily be supplemented i*n this desi gnpermmepiosby

addi ng addi-t1 rotating axes which in turn rotate around the central.
axi s. The invention is subsequently exenplified and schematically

expl ai ned by nmeans of the following ill u§t£ge1t_i ons: Fig. 1 A coating
arrangenment with | ow vol tage di scharge according to the
conventional technology. (State f the ary) Fi.g.
Cross-section of a typi (%Isscgat Pﬁ§f§§§?3e¥nota%tcboer8§ 'L' 9.5 Arge‘lv%grgl 'FS lt) e
invention, with peripheral discharge chanber for | ow voltage
discharge Fig. 3 Horigpn¢al.2xsection of the systemillustrated in

Fig. 2. Fig. 4a Cross-section of a part of the arrangenent with

anodes arrandé&d i
be

di scharge chanberwié)(rﬂetltq%g Z’%Lﬁﬁ%’fm A C $e580ar 98 ecring saA% JTWRHLA! €0

5 Q, € 0.1,
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Fig. 4b Sane as Fig. 4a but illustrated with separate

cat hode- anode di scharge paths wth the cathodes arranged in
separate cathode chanmbers.  Fig. 4c Sane as Figs. 4a and 4b, also with
separ at e catp 99/14392 ode- anode di scharge paths, but w PCTABRS/00 hodes
arranged in a common cat hode chanber. Fig. S Service life conparison.
curves for tools coated with the conventional technology and the

t echnol - ogy according to the present invention. Fig. 1
illustrates a known workpi ece coating artawigenent. A vacuum Chanber serves
as process chanber 1 for acconnDdatln a IOMFvoItage arc discharge 18 which

runs in the ce ﬁrgft ﬂaos - 34 - vacuum
chanmber 1 alongi * Iattér's‘ceﬁtra? ax[s 16 ahd t'o WA ch™ naghetron |
sputtering sources 14{are flanged at the periphery fromthe outside {o the
chanber wall of proceps chanber 1. On the top off process chanber 1 there is
a cath- ode chanber 2pthat golds a thermonic t cathode 3 which cah be
supplied via gas inlef 5 he wor ki ng ga ypi- cally a noble gas |ike
argon. For reactive pfocesdes al so active ga ~can be added. Cathodp
chanber 2 communi catgs with process chamber al |l hole in shutter
4. The cat hode 4}@&1@02? is usually I ffr om progessi ng chanber —py
means of insulators 6] Shutter 4

S Q=22
<3 @
E3.0x1072 -
Q)
[ 3
=
wy o A -
g ) QI :0.2
[ .
< 2.0x10"2
X = -
Y 1(1M)>20N ™
o
2
e o -
“'z' QI . 0141
=0.1
1.0x1072} 3' v -

. / ao - - A -L
/ QI:O.OIO

0.0 ] N i 3 i | L 1 i 1 1 ] .
0 50 100 150 200 250 300

Bias Voltage [~V

F1G.1
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N
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| ated fromthe cat hode chanber via insul ator

operated on
is arranged

6 so that shut- ter 4 can be
or auxiliary potential, as required. Anode 7

floating potenti al
axis 16 on the opposite side of

in the direction of the central

cat hode chawopm4s®2. Anode 7 can have the form of a cruci bbermsarolasd ds t he

material to

et ching process this evaporation optio

extracted

be evaporated by the | ow voltage arc discharge. During the .
ijs not used; only ions are
from the | owvoltage arc discharge and accel erated tpward the

wor kpi eces
operating t
heat er supp
and anode 7
di schar ge.
to sustain
wal | of pro
wor kpi eces
order to ac
supported o

n such a way that that the latter are sputter etcheq.SFor
ne | owvoltage arc discharge 18 cathode 3 is heateg§ yth a
y unit so that cathode 3 emts electrons. Be- t

there is @an additional power supply 8 for operatt ,
t usual |l yaspro- duces a positive DC voltage on anode }
he Iom#vqgtage arcgl8. Between arc discharge 18 and} d
Cessi ng chanber @or kpi ece hol ders are arranged that hol d@he
L1 which be tgted around their vertical centralf axis ¥ in
i eve adeqyat e ppocgsy uniformty. The workpiece hol gers 10 are

1 an addi t'&'oﬁl wr K Ece fJol der arrangement 12 wig
Vg

equi pped wi fh a rotang i chot hese wor k- piece hol d¥&S§1& are
rotated aropnd the central axis 16. In this type ok equi pnent=it§ is
additionally necessary to fcg: € the | aw voltage arg cimaelaro 3 via
addi tional poils 13, f.or equ;Se in t®e formof HeTmholz coil STt is
evident thal the workfieces 218can beggprocessed with the | ow voljt age ar
di scharge 1B, that id8 anbﬁ gt o@urs when a nega- e '
Z @8 g Baes & -
— an L9 = D
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" Appendi x A"

- 35 - tive voltage is applied to the

substrate, and that el ectron bonbardnent is possible by applying a positive

substrate vol t age.

In this way the workpi eces can be pre-treated with the

aid of a | owwesbas®gr arc di scharge either by neans of el ececTaBytmodsar dnent
or through ion bonbardnment with sputter etching. .
Subsequent |y the workpi ece 11 can be coated, either through evaporation of

i nduced by heati ng,

mat eri al frontcru0|ble 7 by neans of 3he Iomfvoltage arc, or through

sputtering
power supplj
substrate

It

|s readlly apparent that the nechanlca
DVenent andrthe arrangenment of the |ow voltage arc dj schargg are

ch t he
ESenmbly for

rather conplex in thisglayout. n the other hand the degree of ¥ reedonyi s
severely reptricted bé?ause wor kpi eces can only be arranged bet wegfl t he
| o voltage arc di sckgrge | ed in the center and the &iter *Eanber
wal | . A sysftem of thisgtype Eszyngconontcal to oper- ate r I.:ge

wor kpi eces jor |arge bagan q tik txges. s An exanpl e of a p&ferrfd coating

arrangenent accordlng 8

the& r@qﬂtlorgls illustrated as %cro -section in

Fig. 2. Process chanber 1 contalns a wor kpi ece holder 11 s arranged

in such a way that the workpf s can Be.rotated around the cfofeal axis 16
of the prodess chanber. The ) ber ®'s usual |y punped &out e vacuum
punps 19 that nain- takn the king gEessures requi red $or ™| process

steps. In tlhe proposeds

beyond t he |cent gl

axi

chanber 1 i|n sug?
the sourceq arranged

such an ar rfangenent, it

fill the cHanber vol une.

aﬁra nt a rge workpi ece 11 which #x- tends
f r npl e, be ar- ranged in

‘ﬁhat Iarge wor kpi ece 11 can be pr ‘eﬁsed by
$he gr s chhmber wal | . The zone avaijl &l e for
| oadi ng t hg morkplecesJééseﬁﬁ 186 fiK¥s process chanber 1 congl et el In
is possible to position either a singleg arg
wor kpi ece 11 or a large nunber of snaller work- pieces which e«sentfally
o U
- i © E?
z 3
N <
& Iy . e
g R =
3 He L
® =
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g =
> o
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EE-—-—-—-===#:r
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The wor kpi ece hol der t hat
spans coating width b transversely to .
the rotation direction.

16,
- 36 -
it

rotates the workpieces 11 around the central

axi s

"Appendi x A"

In the system according to the in- vention
is parti onbasddgeadvant ageous that uni form and reproduci pCEIB®EL10000g

results can be achieved either across |large coating widths b or across a

| arge depth range that extends from t4ies central
the coating_w dth,

t hat-

LS. W

~axis 16 to the periphery of
D. d

t he

known concentric arrangerrent according to the conven- ti onal ' l ogy in
whi ch theseg conditions were critical, it was not to be expectedfthat an
eccentric grrangenent according to the present invention would #roduce
better resyts. Alarge variety of workpiece geonetries with fi e edges=and
cutting edges can be ndled in_this large area without problemg &el at
to. thermal| stress or ggnwant ed Bc- currence of arcs. On tie oft®r wal | of
t he process| chanber th® etchigigeaand coating sources are pogkti oged in such
a way that fthey all a@ fro out si de toward the workpi & §For the
i mpor - tantf preparatory sput{®roetaghing process the charrber3 | } features a
sl ot shaped opening, t eg} engf huo¥ whi ch corre- sponds at Ieas E:é
processi ng jwi dth b. Be:hln-_d hu-_g ébéﬂ ng 26 there is a bax shaped schar ge
chanber 21 |in which the | ow a\‘.'oltage arc discharge 18 is genera ed. This
| ow-vol taggq arc . 5-5-
L
g, 28
o m iy ‘ c
- we YO S§ S
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- ONn oacax .
o
<<
o
1] Q =
0 W
3 S
= £
b Q
~ Q
q
=3
(32}
&
1 { t 1 i 1 ] | o
8 S =] ] S ©
D = 0 o i
N ~N = ) -
~_— [s}unod] Ayisuayyy
//’/ .
s Sheet Has B Been Replaced

R

SUBSTITUTE SHEET (RULE 25)

THIS SHEET HAS BEEN



di scharge 18 runs essentially parallel to processing wwdth b and has an
effective length which shall be at | east 80% of processing w dth b.
Preferably the discharge |l ength should be equal to the processing width b
or extend eVNQMEPVNd it . The axis of arc discharge 18 heGI/Botewance d
fromthe near- est processing zone, that is, the next workpiece section.
This distance d shall be at least 10 cm preferably 15 to 25 cm This
results in gopg Igr cess,uniformty Py(ha hi gh sput- tering rate can be

mai nt ai ned. | TR $WBr part of dis® tharge chamber 21, cathode chanber 2
is fllanged on which comuni cates with di scharge chanber 21 via orifice 4.
Cat h- ode chanber 2 contains a hot cathode 3 which is supplied via the
heati ng power supply unit 9. This supply can be operated with AC or DC

Cat hode chanber 2 features a gas inlet port 5 for supplying the working
gas, normally a noble gas like " Appendi x A" - 37 -
argon, or a noble gas - active gas m xturelBor certain reac- tive
processes. It is also possible to admt rki ng gases via process chanber 1

by neans of auxiliary gas inlet 22. Acti gases are preferably admtted
directly into process chanber 1 via®asiijnpl 22. In the upper part of
di scharge chanber 21 there is an el ec-\&r 7.8hich is designed as a
anode. DC supply 8 is con- nected t y e 3 and anode 7 in such a
way that the . -
~ - 6
[ . g4
L9 ' |
13
17 L8
. M e /" l4
10
I 1 -
X (
13 7 EE% T
AVARMNAMMEAN -
= / \\ IS
™~ 8 7 l2
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positive pole is on anode 7 and a | ow voltage arc di scharge can be drawn.
voltage to the work- piece holder or to the

aid of voltage generator 20 between the | owvoltage
ment and the workpiece 11, argon i OReT/89¢01090

e wor kpi eces so that the surface is sputter etched,
This can be achi eved mnth accel eration voltages of up to 300 Volt DC, but
in the range 2 4100 Volt to 200 Volt to ensure

By applying a negative
wor kpi eces 11 with the
arc di schar

accel er at edqgfn’aéd%

preferably with a v t

gentle proceSS| ARg 8

t hrough appropri ate pdsi

anode 7 relative to pro
in accordance with the

of anode 7. The latter
rectangul ar shape, or b
shows a horizontal cro

agai n the box-like disc
chanber 1 whi ch conmuni
26. O course, severa

as required, for exanpl
ilkustrated are the e

wal | . For exanpl e, magn
sources 23 but for ach
cal l ed arc evaporation
arrangenment is that the

fromthe outside in suc

eces 11. The.

process uniformty can be set

of cathode chanbeZZ and by arranging
ce Si ng 3ﬁ of e proc- essed
pr c@es Aq0|f|cat . atHev factof is the shape
can,[Tor exanplg,..have\ei ther fl@t,] di shed, or
e deslgned S a tubula>\ caoleﬂ de Fig. 3
gume ) -rns-gvg € 5 € 2. _Shown is
e t“anb 2§ on th %‘ e f' pBcess
5 with the treatnmenft ggn , rou ot openi ng
di scharge ¢hanberd chp rra on a system
furf her bobst thelprpgeesii g ef fect. Al so
i on| source$ 23 whilch r:g;l d{to the chanber
E' vapor ati on
S g sts, So-
. RS of this
epabe arranged
A 3
e
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" Appendi x A" - 38 - way that through the distributed
arrangenent of nultiple sources the desired coating honogeneity can be set
and a high coating rate can be maintained. It has been shown that it is
nmor e advant ayeesnidszot to-use single, rectangul ar evapor at iroTABSMII0S but
several smaller, round sources that are arranged on the periphery of the
systemin accordance with the process requirenents. Fig. 4a illustrates
anot'her advant vahi ant of the ngement according to the invention
in which cat hogfekﬁkzxggmi s | ocat e?y%a t he tOPIQi s%ﬁge chamber 21.
The advantage is t perating of the di scharlg® pat s | east

di sturbed by particles which always occur in such a cQating system Also

shown is a the possjibility of, sybdivid- ing the disc t hy by using
several anode-cat hod® gi ro-cth and maki ng tlhe int ,ift? di scharge 1
adj ustabl e. The mai nydiis gqnerated wiyt hip bet ween
mai n anode 7 & &t ho ha . Addi tionalj arjc ) chipr g@s can be
generated with afy, an 4 and auxi upgl i e . In this
way it IS possj adjjug} e jpower densjt Is£ha lsong t he
entire di schar p bgtywep de 7 and C th
respect to thelinte _it¥ oj t nogenei ty\requj r EoL T fhe

' > tive arjranggerne h Te~gnofle- cat hode

I

pat hs can be
anodes 7, 24,
2' .. Another vegrsio
anodes 7, 24 ane us
3 and 3'. ;J

wor kpi ece. Fifg. 4p {sh Bn
% r even

=
yl usijng| separ at e
hbde.lch grs 2,

AN bdes 3', and §epar ptle ET

i&$ -t ed in Fidg A4c ”dEr cht epar at es
{24 cat hode fchanpdr ﬂj h hot cat hodes

i .P

L

T
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TT1T FIG 4

\“ﬁ

SUBSTITUTE SHEET (RULE 26)

o THIS SHEET HAS BEFM
REPLADED



Fig. S5illustrates the test results of HSS finish mlling cutters that were
processed according to the invention (curve b) and the conventi onal

technol ogy (curve a). In both cases the mlling cutters were given a 3.5
[err] m TI N cqRalsbi@ez For the mlling cutter according to thgcf/p%\%mg{,onal
tech- nol ogy (curve a) high-voltage etching was first perfornmed In

"Appendi x A" - 39 - the conventional manner whereas for

the mlling cu -aresented kyysgqurve b the process according to the
i nvention was %&é%lmﬁ?ﬁg' test conditions were as follows:M HSS finish

mlling cutter: prar—f6— T oTeT Jor reqr .y | M 4 Test
mat eri al : 12 CrMo4 (DIN 1.7225) Hardness
NRC 38.5 | nf eed: {~ 15 nmm x 2.5 nmutting speed
40 mmin reed per {ooth - 0.088 mMmm Feed _IOQ
280 minin End of life: Spi ndlé\torque 80 @bitrary A0 1)
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The result shows cl ear i nprovenents in the |ife of the tool treated .
according to the invention. An inprovenent by a factor of 1.5 or nore is 'O

easily reached. Inportant is not only the extensi on%fe but .
also the flatter progressing of the torque_casve whlwls I ndi ve’of the
deterioration in tool quality toward the end of the t he
exanpl e according to Fig. 5 this is clearly recognl I@/ c[ mlling
depth of 15 mClkaime: a which represents the conventionaf tle shovvs a
sharp degra- dation in tool quality at a total mlling depth of 15 m This
shows that the cutt vyl bl t he _convention t echnol o

has a greater%Y/arl %c%%%%%%ﬁ %‘ﬁt éﬁt(%’ldhﬁ PEAFh EEF LS }ﬁ%eﬁ SysLem,
not very consigdeitlave®SV$stitn Rbnddr Wnleh n

illus- trated % Fi gu¥ es ?t o] 4t&‘a(§:‘%1|le§\n/ié@36e%[r%r g'?%%?er thrltgugﬁp%t\fng(n}?h Vﬂﬁareln
af orenmentioned high quality than system 1 which conforms to the

conventional tedMnctanprisEs didlanitm @ad edsimiyiube doubl ed or even

i ncreased by a factor of 3to 5 Whl ch dramatically increases the econony.
" Appendi x A" Synmmary For dep03|t| ng hard coatings on

hi gh- per f o? maric& tidbIak tlr?oﬁs’:rr@ﬁe t?pf e 82 @t €AEPEC 0at i ng, t he

I nvention pro- poses to sputter etch the tools with a | owvoltage arc dis-

charge and 10 S1#PSAEII LR /280D B GLfALLd s 1E8Y ratio of the
diffraction intensities I(200) to I(111), assigned respectively
to the (200) and (111) plains in the X ray diffraction of a ma-
. terial, using the 6-20 method, thereby measuring the intensity
10 values with the following equipment and with the following set-

. tings:

Siemens Diffractometer D500
Power: Operating voltage: 30 kV
_ Operating current: 25 mA
15 Aperture Diaphragms: Dié.phragm position I: 1°
Diaphragm position II: 0.1°

Detector Diaphragm: Soller slit
Time constant: 4 s
29 angular speed: 0.05°/min
20 Radiation: Cu-Ka (0.15406 nm)

which Q; has a value

0, <2
and ‘said tool is one of -
- a solid carbide end mill;

25 - a solid carbide ball nose mill;
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have been etched. Pat ent cl ai ns 1. Coating arrangenent for treating
wor kpi eces (11) with a vacuum process chanber (1)_and“a-pLaSHa~sﬁurce .

(18) ar- ranged on the chanber, and with a coating source ";
arranged inside said chanber, and said charrb? being eUlmH @1‘“ ’“ta
hol di ng and/or transport device which deffhes a tr or
positioning or passing t he mnrkpleces (11) in front of the sources, with
sai d sources ¢m¢¢QFQM¢dngéubadeageertemhtdmgtanoé t whéheby therkaﬂaeeof
and acting fronttg; tion, character- i zed, by a plasma source
(18) -desi-gned ast &b %%tﬂ%d eaStl%Hw%%W?%gEhﬂlé@ﬁﬁ?ﬁétﬁrﬁﬁﬁﬁéﬁén901§ﬁe

l'i near extent ( of which in a direction transverse to the workpi ece
transport direction eSsentially corresponds to wdth (b) of the

processi ng zone, and contai ning a device for gen- erating an el ectrical
field (20) betaeen The tosl bS-claimhbrterd) thelré hisweakpdeesr(dd1d o
Arrangenent according to claim1 in which the hol ding and transporting
device for the workpieces (11) is ar- ranged rotatabl e around central

axis (16) Bf process charnbe¥, (Byeferhliiyh sources (18, 23) arranged on

t he chanber wall in such a way that they all act radially fromthe

outside in the direction of the centg axi s (1 3. Arrangenent
according to claim 1 or 21§ QnhPchthereby BFégﬁﬁa§ Wece of a di schar ge
chanmber (21) is arranged on the outer wall of chanber (1) where inside

or on dis- char ge chaggg <(¢1) e%ﬁgéﬂgf |cp§%§35|g§|cathode (3),  and

at | east 80% of the proc i Ng zOohe ong processing zone
width (b), an anode (7) for gener-
Q, < 0.1.

3. The tool of one of claims 1 or 2, wherein said MeX mate-
10 rial is one of titanium aluminum nitride, titanium aluminum

carbonitride, titanium aluminum boron nitride, thereby prefera-

bly one of titanium aluminum nitride and titanium aluminum car-

bonitride.

4. The tool of one of the claims 1 to 3, wherein Me further
15 comprises at least one further element out of the group con-

sisting of boron, zirconium, hafnium, yttrium, silicon, tung-

sten, chrqmium, thereby preferably of at least one of yttrium

and silicon and boron.

5. The tool of claim 4, wherein said further element is con-

20 tained in Me with a content i
0.05 at. % £ 1 £ 60 at.¥%,
taken the content of Ti as 100 at.%.

6. The tool of one of the claims 1 to 5, further comprising a

further layer of titanium nitride between said at least one
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" Appendi x A" _ - 41 - ating a lowvoltage arc discharge (1B)
is positioned and in which arrangenent a noble gas port (5) in . .

ASET 2 e e P "o 2eoeas TBITIROA 2

the negative pole is on workpiece (11) so thatc t ke pl a&snd source
arrangenent (2, 7, 18, 21), functions as a sputter etching device. 4.
Arrangenent adédfer mpd s ok thody andlivhersial reaid furtiexrhlayer duss a

one addi tional_,anqgde (24) extendi.n llong , the p]asma path at a certain
di st ance from%“a“befét’%réf goi)d&ﬁ‘%%%g‘eﬂ Vt?gt’\/deen em ssi on cat hode (3)
and anode (7) for adjusting the plasma density distribution al ong arc
di scharge (18). 5. Arrangement,.accogdin o] e of the preceding clains in
whi ch anode (7) and the agﬁi ti %‘ng aﬁoa’eg(%) B{'gllr'e con- nected to

separate, adjustable power supplies (25), and featuring an opposite

cathode (3) pr7efer ey ol edclrlaimamqdeheteidbsaill Qlayleddehtiemiildh gditned
corresponding _an- | ode (7,25) and the separate power supply (8, 25) forns
it's own adlj ubvamaddh@terledstcgne layerpansh garightfuatherdilayem one of the
preceding clains in whi ch the em ssion cathode (3) is arranged in a

at hod hanb f isch b 2 d i th
30 d cat hode BanbaTel 5Ok Rty FEaBing ™ FHaiRE 1 8 JohFies Slfaiiiel CXeps
vi a openi ng (ﬁﬁzzgl'ho‘é@ld’@tdleta@i oneellﬁ%%”%,ci'% energe, with the noble
t

gas inlet por

2 GPa < 0 = 8 GPa, thereby preferably
4 GPa £ 0 £ 6 GPa.
€
10 9. The tool of one of the claims 1 to 8, wherein the content

x of titanium in Me is:
70 at.¥ 2 x 2 40 at.%, preferably
65 at.¥ 2 x 2 55 at.%.

10. The tool of one of the claims 1 to 9, wherein the content

15 y of aluminum in said Me is:
30 at.% < y < 60 at.%, thereby preferably
35 at.¥ £y < 45 at.%.

11. A method of producing a tool comprising a tool body and a
wear resistant layer system, which comprises at least one hard

20 material layer, comprising the steps of

- reactive PVD-depositing at least one layer of MeX on said
body, wherein Me comprises titanium and aluminum, X is at

least one of nitrogen and of carbon;
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preferably arranged on this cathode chanber (2).hf%;_éngngeneﬁf*HEEording
to one of the preceding clains 2 to 6 in whic rocess chanbig (1) .wth

its central axis (16) is arranged vertically, V“mﬂl cat hode *;
chanmber (2) is arranged above the anode (7, %ﬁ) 3

(8) of **
cat hode chanber (2) is preferably point- Arrangenent

according to one of the preceding clains in mhlch at Ieast one coating
source (23) mhLcbemeeténgbpyedetenmshedspnécessIpasam@neravalwsapﬁontsald PVI
(23) is arranged " Appendi x on the

process chanber GBPPSHE%PgtBeﬁhéepPﬁsﬁﬁ %%%ﬁ%eone ?ﬁBFhQWF%% P%r¢%%5?§§ con-
furth head the,t t { t,

one of the. precoBtAELBRaPRoBPkE 1oL, REeFETHE 05 2 Rt RlY Fo 180521 Pdcllin
desi gned for vol thambe2d8830b£UBIAS BOD K %QQDE PERS et SH1 Yoddy &%%égpaee to

V. 10. Arrangenent according to one of the. preceding clains in
t he | ow vols age arprddetezmjpedr rafigeemce pdt8entsal; | ocated at Ieast 10 cm
but preferably 15 to 25 cn1amay from workpi ece (11). 1. Arrangenent

according to one Qf t rece clalns in whi ch {he hol di ng apd
transport deV|Cea§3uﬁE§P§n§H ga one of said partial pressure and of said

bias voltage for realising said layer with a desired Q,,
which may assume a value larger or smaller than unity, and
for realising a value of at least one of the I(200) and

10 I{(111) to be at least 20 times larger than the average inten-
sity noise value, thereby exploiting, that said Q;, as a
function of partial pressure and bias voltage, decreases witl
decreasing partial pressure as well as with increasing bias
voltage, Q, being defined as the ratio of the diffraction in-

15 tensities I(200) to I(111), assigned respectively to the
(200) and (111) plains in the X ray diffraction of a material
using the 6-20 methoa, the intensity values being measured

with the following equipment and with the following settings:

Siemens Diffractometer D500
20 Power: . ) .Operating voltage: 30 kV
Opérating current: 25 mA
Aperture Diaphragms: Diaphragm position I: 1°
Diaphragm position II: 0.1°

Detector Diaphragm: Soller slit

25 Time constant: 4 s
28 angular speed: 0.05°/min
Radiation: Cu-Ka(0.15406 nm) .
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tool holder, particularly for drills, mlling cutters sh dles
12. Arrangerrent according to one of the precedi ng cl ai

| east one magnetic field generator is arranged Pg or ge ‘ o0
chanber (21) for adjusting the plasma t_y dis A
13. Arrangenent according to one of the prece ng cl aw V\:hl ch

di scharge chamber (21) has an opening along the full*wdth (b) of the
processing zone.andha tuethed operone of rithe aziaims HEO | a¢ t3k, sburbherteempris-

eact parti al 15ng GRS riF Gl RREETRAS 5214, Eeatiin B0 SS8S KRG B8 oF Lye-
with a pl asmr%%‘f% %ﬁ:ﬂ@c aarltd?l S g, process chanber and a coating

source (23) a transport device arranged in
chanber (1) with said device det erm ning a treatment zone (b) for

posi tioni ng orp3asTHy nidtthobrdE claim s furhen domprtising heheosttepsof
(18, 23), where the sources act. fromthe sane side and are arranged at a
certain di St amagrietirabkk FEtrqhling FrLd AYH| FRRPFRLION. ess the pl asma
source (18) generates a hot cathode | ow voltage arc (18) in a direction

transverse to the r k- | ece tran Lt di+.ectl [ I s e

187 e merndd G o VP Yo UiEfhs O TEC, okl FBfpria

the treat ment ;z2pne thidp V¥ (epositing on said tool body a MeX layer,
whérein Me comprises titanium and aluminum and X is at least

one of nitrogen and of carbon and is introduced to said PVD de-

10 , positing by reactive gas.

15. The method of one of c¢laims 11 to 14, wherein said tool is

one of
- a solid carbide end mill;
- a solid carbide bal]. nose mill;
15 - a cemented carbide gear cutting tool,
thereby selecting said Q; value to be
Q £ 2

by adjusting at least one of said reactive pressure and of said

bias voltage for said reactive PVD depositing.

20 16. The method of claim 15, thereby selecting said Q;, value to
be ' .

Q; £ 1, preferably to be Q; < 0.5 or even to be
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process a voltage is applied between the arc discharge and the Merkplece
for extracting charge carriers from the plasma so that they can beis » "s..
accel erated toward the substrate. 15. Process according to ckaimai4 ine’
whi ch t he wor kpi eces rotate preferably comgpi nuously around central axis
(16) of a processing chanber and pass in front of the sources (18,

23), and in which process the plasma treatnent oc- curs through charge
carrier bonbandnentrhe netiddioSicdaim 1#)d tHedetyatgdlecfingd Idaila e dlhle i fo
a second step. 16. Process according to claim14 or 15 in which the charge

carriers consik®® of ions that are extracted fromthe arc di scharge (18)
directly with the aid of a negative work- pi ece voltage in such a way
that they sputter etch the rkpiece (11). 17. Process a one
of the clains 14 to 16 |nchhrc&0 t he honbgeneity o | bution
across coating zone (b) can be set to predeterm nﬂ"’"ﬁm{ﬂﬂ}gﬂl % cti ng
arc length, the distance (d) between the arc and the * , n
position of the arc relative to the work- pi ece, as well as. by adj usting
the plasma density dis- tribution along the arc. Appendi x A"

- 44 - Fig. 5 Spindle torque [a.u] End of tool life



Hi gh-voltage etching + 3.5 [err]mTi N (arc coating) Lowvoltage "arc
coating + 3. 5 [err]lm TiN (arc coating), (Invention) ;Total Jmlljng"*..:
depth (rr] - . N '.v.-[.err].-o' ; 00.
Cl ai ns: 1. Atool with a tool body and a wear resistant |ayer

system said | ayer system conprising at |east one |ayer of MX,
wherein - Me conprises titanium and 1a4um num 5 - Xis at |east
one of nitrogen and of carbon and wherein said layer has a JQerr],
defined as the ratio of the diffra(:TiﬂwAl@E)Nsities 1 (200) to I1(111),
assi gned respect3.0&10 TTO THe (200 any ( tTo)Tprar s T the X Trayr:
diffraction of a ma- terial, using the 0-20 nethod, thereby neasurijng
the intensity 10 valyes with the follow ng equipnent and with the

foll ow ng set- tijngs: Si enens Diffractgnmeter D500 Power :
Operating voltage: 30 [kV ® 3
QI::SO

4.0x10" 3
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Operating current: 25 mA 15 Aperture D aphragns: D aphragm position I:

1 D aphragm position I1: O. 1{err] DeIector ,
Di aphragm Sol ler slit Time constant: : 4 s. R
2[ err] angul ar speed: 0.05[err]/mn ° 02 d| ation: - o ? *e
Cu-K[err](0.15406 nm which JQerr]as a \/a Jderr]o
[err] 2 anfl sard tool 1s one of - asond carbi de end mt1; O
- a solid carbife ball nose nill;
- 46 - - a cenmented carbide gear cutting tool, whereby thgv ue
of - I(11f) is at least 20 tinmes the intensity average noise I
val ue. 2. The took*of claim1l1 wherein there is valid for said ~
err]: L5 o
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5 Qerr][err] 1, preferably: Qerr] [err]-:

R4

0.5, thereby preferably: Qerr] [err] 0.2, espemally M
preferred: Qerr] [err] 0.1.. 3. 1 The ftodl af 6ne**:
of clains 1 or 2, wherein said MeX mate- 10 rial is one of 'titan’®um * *°
alumnumnitride, titanium al um num caydonitride, titani um al um num
boron nitride, gthereby prefera- bly opne of titaniumalm nim nLTJ’i@
and titani um aljum num car - bonitri de. 4, The tool of one f~

the claims 1 tq 3, whereing® further 15 conprises at |east one furtHer
el ement out of [the group cay- igting of boron, zirconium hafniu
yttrium silicdn, tung- Q sten cgrom um thereby preferably of at

one of yttrium and silixon anch"eron 5. The tool of ¢jaim4, o
wherein said fiyrther eleme@ is c-320 tained in Me with a cont@nt i} &
0.05 at.[err] [ferr] i [err]it60 at aDr | taken the content Ti @s
100 at.[err]. 6. Theltfol T wne&of e clains 1 to 5 fu
conprising a further | ger of Qifaghum Gtride between said t
one
vz | o
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- 47 - | ayer and said tool body and wherein said further |ayer has a-

Diffraction Angle 29

t hi ckness d, for which there is valid . 0.05 - [err]n1[erw]
d[err] 5.0 [err]m 7. The tool of cIa|n16 wherei n sald’layer ..'
systemis formed 5 by said at |east one [ &/® and said further |ayer.
8. The tool of one of the clains 1 to 7 wherein the stress wi th
said at | east ophe layer, [err], is 2 GPa [err] a [d&r
8 GPa, thereby preferably 4 GPa [err] [err] [err]
GPa. 10 9. fhe tool of one of the clains 1 to 8, wherein the contedt
x of titaniumip Me is: . 70 at.% [err] x [err] 40
at.[err], prefefably < 65 at.%[err] x [err] 55 at.% o
10. The tool ofjone of the Blains 1 Ep 9, wherein the content & D
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15y of alumnumin said Me is: 30 at.[err] [err] vy -

[err] 60 at.[err], thereby preferably . 35 at.[err] [err] XY, I
[err] 45 at.[err]. 11. A method of E q9u0|ng a tool c¢onprising a:tool **;
body and a viPeppendi s thant | ayer syst 41 whi ch conprises at |east dne *°*
hard 20 material |ayer, conprising the steps of - reactive
PVD- depositing at | east one |ayer of MeX on said body, wherein M
conprises titaniumand alum num X is at | east one of nitrogen and of
car bon; I - 48 - -
sel ecting predetermi ned process paraneter values for said PVI )
depositing beside of at |east one of the two par ters con- sisting
of partial pressure of a reactive gas in said yaf@um chanmber and of
bi as voltage of the tool body with respect togﬁ:S a predeterm ned
ref erence potential; - adjusting at | easd of said parti al
pressure and of sald bi as voltage f rela said layer with a
desired err] whi ch nay assune a va Eﬁe @ smaller than unity,
and for realising a value of- at | east e I(200) and 10
| (111) to be at least 20 times larger t € I nt en-
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sity noise value, thereby exploiting,
of partial pressure and bias voltage,
partial pressure as vveII
bei ng defined as ARRENSY

ﬁ.?‘f\g gi)lnl;actll

as, W th increasing2ti@s

o i n-

15

that said Qerr],as a
decreases wth

function.

’

decreasing M

vott age,

48

qprr]) » :
tensities 1,(200)

LI ]

to 1(111), assigned resp (200) a@P(111) plains in
the X ray diffraction of a material : usé%qth errj-2[err] method,
the intensity val ues being nea redl W t e | 1 o equi pnent and
with the follow ng settings: | bh r D50 20 ower : .
Operating voltage: 30 kV \ T @oetat n98cu rent: 25
mA Aperture Di aphragns: D aphragm pa@sitio h _‘L@.?
D aphragm position 11: O7fTer§] | ﬁtect‘or Di aphr agm [IV (J {t 25
Ti me constant: 4 9 2terr] anqul ar spged mn
Radi ati on: Cui{Klefr] (@. 15406 rm . | A .+.
- 49- 12. The nethod off ong of ‘the claijms 10 [érr] [1Xs[|fyrthe npri s-
ing the step of perform ng{saiq redctive P\D deposilti ¢ .‘ - active
cat hodi ¢ arc evaporation 13. |The met fod of cliai MilZ; f .bsyr
conprising the step of - 2
b, t.L
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5 magnetically controlling said arc evaporation. 14. The method of one.

of the clains 11 to 13, further conpri s- ing the step aof depositing an .
said tool body a MeX I wher ei n I\/E%T/ogprl ses titani ym and al uif fum®*;
and X is at IeastAPPen i trogen and ar bon a? ntr ed”to *°
said PVD de- 10 posj ? ctive gas. 15. T fﬁ one of
clainms 11 to 14, wh |n sa| ool is one of - a SO|Id car bi de end
mill; - a solid carbide ball nose mll; 15 - a cenent @6carb| de gear
cutting tool, t her %select ngzald qerr] % eto ? 34
Qerr] [err] 2 é east one of |d tilfe Dfeséyure

and of said bi as vol agje al guctive PVD <19] i | “./20 The
met hod of cl ai m 1f, breb ec i hg’sald Q err] val uel tigi 2‘
Qerr] [err] 1, I begAQlerr] [err] 0.5 0Of eVvAn Toide -

[err] 0.2 7 1 ;ll‘{ /3‘
b TIN Hlies=
N | s i
| 12 & T
| - T 24
T T

FIG. 4c¢
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(S7) Abstract

There is proposed a tool with a tool body and .
a wear resistant layer system, which layer system 8010
comprises at least one layer of MeX. Me comprises
titanjum and aluminum and X is a nitrogen or L .
carbon, The tool is a solid carbide end mill, a 0,250
solid carbide ball nose mill or & cemented carbide
gear cutting tool. Thereby, in the MeX layer the 400"
quotient Q; as defined by the ratio of the diffraction |
Intensity 1(200) to X(111) assigned respectively to
the (200) and (111) plains in the X ray diffraction [

of the material using the 9-26 method is selected E Q=22
to be < 2. Further, the I(111) Is at least twenty Eiomoat © .
times larger than the intensity average noise value, dll
both measured with a well-defined equipment and :
setting thereof. i 0,002
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