MOLYBDENUM MONOXIDE LAYERS, AND PRODUCTION THEREOF USING PVD The invention
relates to the coating of components and tools that are required to exhibit enhanced sliding properties
or that are used in tribological systems in which as a rule lubricants have to be used to reduce friction.
The invention furthermore relates to the coating of components or tools for which there is a risk that
smearing might occur during contact with the countér body or with the material to be processed.
Examples of these components are piston rings, piston surfaces, injection nozzles, slide bearings,
gasket rings in engines as well as generally sliding elements and gear elements. Further examples of

such tools are forming tools suc pYr ' S | [ rocessing industry or plastic
processing industry as well as ﬁég é %ting inserts for the
machining of aluminum, steel lt I e erdlly forming and cutting tools.

State of the art Based on the confirmed good properties of its compounds in particular with oxygen and
nitrogen, molybdenum proves to be a very interesting element for generating different composite
materials that can be used for example as protective coating against wear and tear or as lubricating
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two bodjes in friction against one anotherés ch an intermediate material is usually provided as
Iubricaniﬁ?ﬁ@%ﬂf’s%%i’%%% S G TRt r%ct%%ﬂjction of the tribological load (see for example
DE102006036101 Al). However, the production of molybdenum oxide layers in an economically
sustaindlile ivagtias thus far proveshedisidu it incgatiiu iz ctme prositistiorioimbly bderiu thoxrideas
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process. When used as a valve element, molybdenum trioxide (Mo03) is formed through post

oxidatioBe A HaREd by ther fkoRIST PEYo2008E3TEIeAN SRt it TuBACAESH Pdpeitids were
further ipraved L9 20080256415 diseloses senembneaibiedsitaraeperating tintaelhgengmoxide
layers (MoOx) for the production of gas sensors, in particular for fire detection devices on the basis of
carbon MHoxRR (EOY AceBRIfHG RS e THatEdS HERFBEERARE DBBIRYE HirERHa AR Yrgeted
fashion antecedted withvaiMe leyesafi ¢ Rt aDAdhicknessdaysmeans of electron beam technology.
Subsequently, the Molybdenum-coated object is annealed in air or controlled atmosphere during
several S, 1psqider to enable the growth of MoO,. The authors have reported particular advantages
during the growth of the molybdenum oxide phase desired by them (the carbon monoxide-selective
phase 8-Mo003. 6), when the annealing takes place in an 02 atmosphere at a pressure of 1.2-1.6 atm
and at SEFRpEate FA 7519256 WPIESERSUSS PRERINGS ThERIERARY 4k Héntiorad that
previouslysdgethensaypepurpose - indaye s efrnehmdeniyntemdde Vg3 mithdhigknesses of 200 to

400 nm were produced means of Sol-Gel and RF magnetron sputtering processes.
c&m@d%i%@ ma‘ﬁ@z‘%s tha{' can be used z‘%r sxamp egas pro%ec%ve coa%r?g a@asmsg wear and

tear or as lubricating materials.

it is thus for example known that the presence of molybdenum trioxide (MoOs) can have an
advantageous effect as intermediate material in tribological systems, i.e. a material
provided between two bodies in friction against one ancther (such an intermediate material
is usually provided as lubricant), because it causes a wear-reducing reduction of the
tribological load (see for example DE102006036101 A1). '

However, the production of molybdenum oxide lavers in an economically sustainable way
has thus far proven difficult, in particular, the production of molybdenum oxide as protective

coatings against wear and tear by means of thin-film technology.



In Surface and Coatings Technology 163-164 (2003) 413-421, Cr2-03/Mo03 layers produced by
means of thermal spraying using powder mixtures of Cr203 and Mo03 were discussed. According to
the authors of the article, these layers exhibit an improved reduction of the friction by comparison with
similarly produced Cr2-03 layers but without Mo03. In contrast to molybdenum oxide layers, the
production and use of molybdenum nitride layers as Protective coating against wear and tear have
been better researched. In Journal of Materials Science Letters 5 (1986) 255-256, W authors gave an
account for example about the production of molybdenum nitride layers by means %%Hgstﬂ al
spraying. The authors also commented incidentally that the examined production 3 W02012055485

processed JenErtBAGHHAR fhdnmtieestnmolghurhimi G (Msoyad sy frstivdorlvahiest however

be noted:thaleMe0? Hap aieliRIoNN LLIMOBIRING SMeIE ARdisACccPrdingly very Abrasive and thus
not suitable for redu&igan friction (see e.g. Surface and Coatings Technology 163-164 (2003) 413-421).

Further KRSUH €04t tecHHH SURLHST BrodiRiNg FROKBASIRE HRFRI Y reelshepmtich &ie for
exampleimentioned deSuidase antiGeaiing Fechmalogydksl (2003 /d H2.a56: ippibsamassisted

processes physical or depo on resp, PVD processes such as e.g. sputter and spark evaporation
nitrogen‘ﬂ)er% Ll%?p@%%@ﬁs i%g%ﬁgéh@gﬁ@ﬁwc% ‘%%Slffﬁﬁéﬁgrﬁ?%i%@%%grch papers
relating fordiffasienOBarier slprabandustonricatadyticrapdririiolegisalnreperties efmolybdenum nitride
layers are also cited in the above mentioned publications. It is therefore to be inferred that

molybd LAtA Cif] ' ' ical properties depending on the
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observed that the phases in Mo-N layer systems produced by means of spark evaporation can be

adjusted TR Bergbietirasion 1 \Riing Irelsrrstbnaoiisirer stinstartids hideapstrte

temperattgens of electron beam technology. Subsequently, the Molybdenum-coated object is
annealed in air or controlled atmosphere during several days in order to enable the growih
of MoOy. The authors have reported particular advantages during the growth of the
molybdenum oxide phase desired by them (the carbon monoxide-saiective phase B—MoO,.
5), when the annealing takes place in an 02 atmosphere at a pressure of 1.2-1.6 atm and at
a temperature of 175-225°C during 2-6 hours. The authors incidentally aiso mentionad that
previously, for the same purpose, thin layers of molybdenum trioxide (MoQ3) with
thicknesses of 200 to 400 nm were produced by means of Sol-Ge! and RF magneatron
sputiering processes.

in Surface and Coatings Technology 163-164 (2003) 413-421, Cry-0a/MoOs lavers
produced by means of thermal spraying using powder mixtures of Cr.0s and Mo, were
discussed. According fo the authors of the article, these layers exhibit an improved
reduction of the friction by comparison with similarly produced Cro-Os lavers but without
MoCs.

Irs contrast to molybdenum oxide layers, the production and use of malybdenum nitride

fayere as protective coaling against wear and tear have been batter researched.

in Journal of Materials Science Letfers 5 {1986) 255-2586, the authors gave an accournt for
example about the production of molybdenum nitride layers by means of plasma thermal

spraying. The authors also commented incidentally that the examined production



DE19944977 84 describes a method for increasing the boundary lubrication of low-alloyed steel with
lubricated contacts in a fuel injection system. The method has the steps of preparing a low-alloyed
steel substrate and then forming a metal nitride coating or a diamond-like carbon coating on the
low-alloyed steel substrate, namely by using a physical vapor deposition resp. PVD process at low
temperature, The authors also state that these coatifdgs of fuel system components work to the effect
that they improve the lubricity of certain fuels with low lubricity and thus reduce or minimize the need
for adjuvant lubricants 4 W02012055485 for the fuel compositions with lower Iubridﬁ’?qpﬂmfiﬁ the
method described above, the authors mention, among other nitrides, molybdenum nitride as a suitable

nitride for'fi&edRatiNg SiFREsHad Catitgs TeotmivlsiynaTudTBdR00B) 7] 374 B yepartsithdt when
PVDprodugachsiobladenuim e larets A usedin iholgoie) applifations and aye thus., because of
y

the friction subjected to oxidative conditions at high témperatures, the mo enum nitride layers

oxidize. FHESUNGOrY RN RS HEH IRanehcthe il b Heram pititE iriperéerdize, She properties of

the oxidized/iayersutaeesstagio daminaty thesfrigtion and wear and tear mechanisms. Ttse-coating
with molybdenum also make it possible to have good sliding properties, as is disclosed in

DEZ%ZQQQQ LEJg, hi ment describes a process for producing a coating for surgical instruments
of steel. In orﬁer% %gﬁogﬁagﬁgn%%é@éggﬁr?ﬁi?ﬁe%sﬁa? {%Wﬁfﬁﬁ?gﬂff@%@c@f iﬁ?iW@g@ﬁ%there. In
this nitroyériGtrreEphiers) eirielestric fighttar degchertitedrand for ihjs 1aorposecelectsadesof an alloy
containing nitride formers are used. The electrodes evaporate in the light arc. The evaporating metal

atoms are depositqg}qgg@ﬁhggg@@édvm@é@ég@g combine with the nitrogen. The alloys used for the
electrodes preferably contain titanium and/or chromium as well as aluminum. Titanium and/or
chromium and/or if neces ary mocl%bde um are p %abl used as metallic nitride formers, For this
purpose, a more of 188s farge proporton of Aidmi SARrEtEr iy hESbde P THE At GieFéport that
the coating thus pmducedihas the following advantageous properties: 6extremely smooth surface and
therefore particularly good sliding properties for cutting instruments high degree of hardness and thus

increased resistamgmﬁmmgmg%%gg@g%é%%&%n %?e% ti)c atii?y% and the steel

through the infusion of the metals and of the nitrogen at t 'd%{r}lng ‘evaporation.
Accordiq&tto the authors, aluminum reacts particularly well with nitrogen, so that an infusion of

nitrogen‘atoms a1se TEELRETY thLRHBPSG FARESKHY RIS REagYRERp S ductor, catalytic and

tribological properties of molybdenum nitride layers are also cited in the above mentionad
- pubiications. tis therefore to be inferred that molybdenum nitride can have specific
physical, chemical and electrical properties depending on the achieved structure and that

melybdenum nitride can be well suited in a wide range of applications.

Tests of phase composifions in Mo-N layers produced by mieans of spark evaporation have
been described in Surface and Coating Technology 167 {2003) 77-82. In this connection, it
has been observed that the phases in Mo-N layer systems produced by means of spark
evaporation can be adjusted in a targeted fashion by varying the nifrogen pressure,
substrate bias and substrate temperature,

DE19944877 B4 describes a method for increasing the boundary iubrication of low-alloyed
steel with lubricated contacts in a fuel injection system. The method has the staps of
preparing a low-alloyed steel substrate and then forming a metal nitride coating or a
diamend-like carbon coating on the low-alloyed stesl substrate, namely by using a physical
vapor deposition resp. PVD process at low temperature. The authors also state that these
coalings of fuel system componants work to the effect that they improve the lubricity of

certain fuels with low lubricity and thus reduce or minimize the need for adjuvant lubricants



W02012055485 good bonding between the coating the steel surface, which consequently leads to an
increased hardening of the steel surface. high corrosion resistance, which according to the authors is
caused in particular by titanium and chromium in the layer. SU1832751 Al discloses that when
insufficient layer bonding of molybdenum nitride (No-N) layers to the substrate occurs, corresponding
substrate pre-treatments for improving the layer bon@ing can be carried out. In JP2006255708,
Ishikawa comments on abrasion-resistant coatings that contain among others the WB&‘HW&SM
components: at least 15 atomic percent of silicium (of the metallic components) between ang%S
atomic percent of nitrogen (of the non metallic components) between 0.1 and 10 atomic percent of

oxygen {6f the hsh FREtamRipEHeSET b rsibwiRGeapRishtion g st reasetivrdmbmcudist layers

containing elyeamun, ihRaatarofiayers senaningMahaadnglybdendmigrdesarke
furthermore known: fuel injection device with MoN coating (DE19944977 B4) injection system with

MoN co&ﬁﬁa%posited by means of PVD techniques at 200C (US2010078314 Al) cylinder liner with
thermal sprayed coatings having Mo and molybdenum oxide (W09521994 Al) It is interesting to bear in
mind theSposteexidationséifigst Showrindy P T #882A 42 s anibiul 8trahaapdiinthis:dé¢iment about

nard surfage Goat R or HHng AN mIBG ol EqMpYiing, &L east one itide orpiide carbide
layer cohtaining molybdenum or tungsten and that are deposited by means of sputter andior arc
techniquescaneaidse gintates pissttestitiizesrababhpatiémperabigbs olose: e témperatures
occurring, closgdn theitride layers oxidize. The authors further show that when the molybdenum
nitride layers oxidize, the properties of the oxidized layer surfaces start to dominate the

friction and wear and tear mechanisme,

Hee-oogting with molybdenum also make it possible to have good sliding properties, as is
disclosed in DE29620687 U1 .. This document describes g précess for producing a coating
for surgical instruments of steel. In order to produce the coating, the surgical instrument.is
placed in a nitrogen atmosphere. In this nitrogen aimosphere, an electric light arc is
generated and for this purpose electrodes of an alloy containing nitride formers are used.
The electrodes evaporate in the light arc. The evaporating metal atoms are deposited onto
the steel, where they combine with the nitrogen. The alioys used for the electrodes
preferably contain titanium and/or chromium as well as aluminum, Tianium and/or
chromium and/or if necessary molybdenum are preferably used as metaliic nitride formers.
For this purpase, a more or less large proportion of aluminum can preferably be added. The

authors report that the coating thus produced has the following advantageous properiies:

® axtremely smooth surface and therefore particularly good sliding properties for

cutting instruments

® high degree of hardness and thus increased resistance against mechanical

damages

@ good bonding between the coating and the steel through the infusion of the
metals and of the nitrogen at the surface of the steel during evaporation.
According to the authors, aluminum reacts particularly well with nitrogen, so that

an infusion of nitrogen atoms also results in the steel surface and this leads to 2



6 W02012055485 sliding surfaces. Yamamoto et al. mention her Mo02 and Mo03 as products of the
post-oxidation of the Mo-N layers. This post-oxidation effect however has the following disadvantages:
On the one hand, it must be observed that the post-oxidation occurs in an uncontrolled manner, which
causes both MoO, as well as Mo02 to be generated. As already mentioned above, Mo02 has abrasive
properties that are very disadvantageous in connect®n with good sliding properties that might for
example be required. During applications of Mo-N layers with high mechanical Ioacuygﬁz &U)j%géger
hand, both the reaction (post-oxidation of Mo-N) as well as the sliding properties of MO-N'ii
combination with the expected Iubricationb%operties of Mo03 are not stable, because the oxide

compounds produdSPaRERG TERsHRERBIE Frpliredinenebs patrled édhannany ek kste from

the Mo-N layer. This gricklleadsiaradurthesoxidation efithgdo-N layer surface and, as the process
progresses, to a degradation of the Mo-N layer. Task of the invention The present invention has the

task of proposing an improved layer.and a methad for producing same, which in addition to other good
S perted bl 5 Hla A Al BHeDeHas L1958 AHS GB0e Rt HABTEHAB 4o

tribological propertleg hrd/orsladfid
properties and/or aitipraved:sthobthmessrandnwhighepreferably additionally also attenuates at least
partially the above-mentioned disadvantages of the layers known so far. Inventive solution to the task

According fodbenvention hedaskis,solverh DyqRe.pr Qt%hafrﬁé*&rﬁli 8.@%@;%%%?@&&%”}9 a

stabile oxide of molybdenum. In particular, the task is solved according to the invention
productiGY B hififie BalE! fager denToNisHeRIR M HRsBR Bo Riprishigracstiler srae BN Fodenum.

layer bonding can be carried out.

in JP2006255708, Ishikawa comments on abrasion-resistant coatings that contain among

others the following components:
e at least 15 atomic percent of silicium (of the metallic components)
® between & and 85 at_emic percent of nitregen (of the non metallic componenis)

@ between 0.1 and 10 atomic percent of oxygen {of the non metallic componeants)

The following applications and production methods of layers containing molybdenum, in

particular of layers containing Mol and molybdenum oxide, are furthermore known:

e fuel injection device with MoN coating (DE 18944977 B4)

® injection system with Mol coating deposited by means of PVD techniques at
200°C (US2010078314 A1)

& cylinder liner with thermal sprayed coatings having Mo and molybdenum oxide
(WQa521924 A1)

it is interesting to bear in mind the post-oxidation effect shown in EP1783244. Yamamoto et
al. report in this document about hard surface coatings for cutting and forming tools,
comprising at least one nitride or nitride carbide layer containing molybdenum or fungsten
and that are deposited by means of sputier and/or arc techniques and whose surfaces

post-oxidize probably at temperatures close to the temperatures occurring close to the



7 W02012055485 Furthermore, an inventive controlled PVD process is proposed that allows oxygen to
be made to react in a targeted fashion with molybdenum so that a stable molybdenum oxide
combination is formed in the layer. In particular, an inventive controlled PVD process is furthermore
proposed that allows oxygen to be integrated in a targeted fashion into the MoN essentially without
Mo02 and/or Mo03 compounds being formed in the I@yer. Optionally, it is possible by means of the
inventive process for a Mo03 layer as solid lubricant to be deposited at the surface. 5@&l%nventlve layer
system according to a preferred embodiment comprises at least one of the followin ffth an
oxygen concentration .** 0.03, and preferably comprises at least the two following layers: A first layer

having ﬁ%ﬁ%ﬁ?ﬁﬁ?&% ﬁ’@ﬁ*%‘é‘%ﬁa@ﬁ@él stabiing asadeftaming (Mo1 aMed)kBE T, tvheresin 0 x 0.99,
preferablyQisties Si3randide iswargetal from the group of W, Ti, Al, Cr, Si, Zr, Ta, Nb, Ag, Cu and V or
the combination of two or more metals of this group and A is nitrogen (N) with 0.5 s a s. 1 B is carbon
(C) with 0) with O wherei b and c indicate in at% between the
elementg ﬁs 80 an tt'l%} %n(L A Weﬁegdcﬁ? zﬁ%ﬁ %%Wé?%%%@é%%eﬁe provided but are preferably
not provided. A second layer having in particular very good lubricating properties and sliding
characteristicé: corttaiiiisgomad ayidvie g BvOW s witetein=0 §is Pe9.oprefeiably-@y©i5 and Me is a

metal fom the GrouR Qi Yo s AtehesiichNRe £ 8o Fh AR, b1 P SORBIRRISR oL or more
metals of this group and
As already mentioned above, MoO, has abrasive properties that are very

disadvantageous in connection with good sliding properties that might for

example be required.

¢ Buring appli m‘tiai‘*s of Mo-N layers with high mechanical loading, on the other
HKand, both the feaction {post-oxidation of Mo- -N} as well as the sliding properties
of Mo-N in combination with the expected lubrication properties of MoQ, are not
stable, because the oxide compounds produced during the application, in
particular MoQj; particles continually break loose from the Mo-N layer. This
quickly leads to a further oxidation of the Mo-N layer surface and, as the process
progresses, {0 a degradation of the Mo-N layer.

Task of the invention

The present invention has the task of proposing an improved laver and a method for
producing same, which in addition fo other good tribological properties and/or eiectrical
properties in particular alse has good and stable lubrication properties andfor an improved
smoothness and which preferably additionally also attenuates af least partially the above-

mentionad disadvantages of the layers known so far,

Inventive solution fo the task

According to the invention, the task is solved by the production of a hard material layer

comprising a stabile oxide of molvbdenum,

In particular, the task is solved according to the invention by the production of a nitride

oxide layer of molybdenum Mo-{N-O} comprising a stable oxide of molybdenum,



A is nitrogen (N) with 0.5 < u < B is carbon (C) with 0 s vs 0.5 C is oxygen (0) with0.5ws 1 8
W02012055485 and wherein u, v and w indicate in at% between the elements N, C and 0 with
u+v+w=1 and additional further elements can be provided but are preferably not provided. Production
of an inventive layer preferably takes place under process conditions for which during the PVD
process for producing a PVD layer in a non-reactive §as atmosphere or in a reactive gas atmosphere
(without adjunction of oxygen) gradually the reactive gas supplied in the chamber |W§ tﬁégglaeed
with the oxygen and thus molybdenum monoxide (Mo0) is formed in the layer. The é Niiide

required for producing the rré%:%/bdenum monoxide (Mo0) in the coating chamber is supplied from a
target cort bdw %ﬁﬁﬁ‘ﬁﬁ%lﬂiﬂw HRGeHas BedondingRpmegratssas apVaisoaresypesferdisly in an

arc evapatationsedtten BhegMBsuaenithesnelybdenum-gontaining targat must be Agtivated at

least shortly before the adjunction of oxygen in the coating chamber. Molybdenum oxide (MoO) is
advanta§BOLL EpardaTee Mkl im dioxide (Mo02) and molybdenum trioxide (Mo03) in that:
MoO by opposition to Mo02 is not abrasive MoO, similarly to Mo03, has very good sliding and
lubricatitig projsertesoul provbs considiéed ih i are stables Byrtomparispnowitbav 0R2: anddo03

oxygen to be integrated in 3 targeted fashion into the MoN essentially without MoO, and/or
MoQ; compounds being formed in the layer. Optionally, it is possible by means of the

inventive process for a MoQ; layer as solid lubricant to be deposited at the surface.

Arinventive layer system according to a preferred embodiment comprises at least one of

the following two layers with an oxygen concentration > 0.03, and preferably comprises at

least the two following lavers:

J A first layer having in particular very high mechanical stability and containing
(MO, Mey) ABpC., wherein 0 < x < 0.99, preferably 0 <x < 0.5 and Me is a
metai from the group of W, Ti, Al, Cr, 8I, Zr, Ta, Nb, Ag, Cu and V or the
combination of twe or more metals of this group and
Ads nitrogen (NJwith 05 <a <1
Biscarbon (C)with0 <b <05
Cisonygen (Oywith0<c<05
and whersin &, b and ¢ indicate in at% between the elements N, C and O with

atb+e=1 and additional further elements can be provided but are preferably not

provided.

® A second layer having in particular very good lubricating properties and sliding
characteristics:
containing (Mo1.y, Mey) AB,C,, wherein 0 <y < 0.99, preferably 0 < v < 0.5 and
Me is a metal from the group of W, Ti, Al, Cr, Si, Zr, Ta, Nb, Ag, Cu and V or the
combination of two or more metals of this group and
Alls nitrogen (NYwith 0.5 2 u £ 1
Biscarbon(Ciwith 0 <v 05
Cisoygen {OYwith 0.5 <w < 1



MoO is effective against smearing, The process preferably takes place under process conditions for
which in pure nitrogen atmosphere the hexagonal phase of molybdenum nitride (MoN) is produced but
wherein, through the adjunction of oxygen, the nitrogen is gradually replaced partially by the oxygen
and thus molybdenum monoxide is formed in the layer. Since molybdenum oxide (MoQ) even in the
case of mechanically challenging applications remairfs stable and present on the layer, it prevents or
inhibits an extensive post-oxidation of the MoN layer and thus also stabilizes the mq&/ésdenum nitride.
The inventive synthetized layers exhibit neither the typical molybdenum dioxide pea (B14AR5485

molybdenum trioxide peaks in the x-ray spectrum. These layers however show during 9
W02012055485 arfdiysi @ §niniquantative sriménailahalysspyhaerns ofiEHstic RetilbDistection
(ERD) of high-energy:heavy ionshanamen-santantabmorethan ér%%&y&!ﬁ%éfws%%ﬁ?n' i
correlating the oxygen to the pure Ma monoxide. For specific applications, further elements such as
carbon (C), boron ff“%ﬁ%m (Si), tungsten (W) or copper (CU) can be added to the molybdenum
nitride oxide layer Mo-N-0. For many types of steel, the problem arises that they smear on the surface
of compéiienteiemeht dnieoitvecated witiccabientiasalieoatingsesuchas € @rtiBINOfE N which
is an undesi ' i r for the machining. of metals, such as for example turning, .
oronchir T e R e A SR S R AN S Hecor
steel is pRAFENRE% RiastFohthe (mbBsepartibrotigh tesgating yrith MoON by meshs: of spatkplied
evaporalioherhinAlen apples nAREIAED DYhbiehRILIE R IRAR LD SRR gjanttes
a S

into other nitrides. This means that the originally vefy good properties ¢ basis Aitrid e, are

preservéd [ iR tHdia08itismEly seatifylearnrpegsraventisd byrdoding e lytdgnisnmitridentiéde too,
the depletiompfiedobliftouainsostaledaosbaisation casmbeprevariod u ahleashinhiiied by

replacing to a greater extent or completely MoN partl¥ with"MoO, preferably at ayer surface.

FurthermorSCHha IS HbrS @RIt DA EIE JortRe MEiarme by nisas 6eparrisvaporateniand pulsed

spark everationstelatively thilypelybdenswenontainiogdayess k2 20:0m)with,a higher goncentration
(a 50atcé%é)‘féj)£fetr§%yb enum o>éiE?e. Thegﬁ%/énthesis of the molybdenum nitride oxide layers Mo-N-0 in a

PVD proc SBIHRE TS R praShT At Be SR eS8 86ating, for example by means of reactive
spark evaporation, in that a cathodic spark on a molybdenum target is operated in nitrogen
atmosphépé/betwesh aysiedlydl Paarmhi@PaT heraguinadtiorofoxygteniesultsinithe fepmation of
molybdepum.o; &{@-@é@@@@%&l’% gnown oxides that are formed from molybdenum, namely
MoO2 and Mo03, have as described t g property that they are readily volatile, It is known that Mo03

sublimates at -~ )
® MoG by opposition to MoG, is not abrasive

® MoQ, similarly to MoQs, has very good sliding and lubricating properties but
proves considerably more stable by comparison with MoO, and MoQ,

w WMoQ is effeciive against smearing.

The process preferably takes place under process conditions for which in pure nitrogen
atmosphere the hexagonal phase of molybdenum nitride (MolN) is produced but wherein,
through the adjunction of oxygen, the nitrogen is gradually replaced partially by the oxygen
and thus molybdenum monoxide Is formed in the layer. Since molybdenum oxide {(Mo()
even in the case of mechanically challenging applications remains stable and present on
the layer, it prevents or inhibits an extensive post-oxidation of the MoN layer and thus also

stabilizes the molybdenum nitride.

The inventive synthetized tayers exhibit neither the typical molybdenum dioxide peaks nor

the molybdenum trioxide peaks in the x-ray spectrum. These layers however show during



10 W02012055485 temperatures between 500C and 600C, i.e. it transitions into the gaseous phase.
In a reactive plasma, this transition into the gas phase takes place due to the high reactivity of the
plasma at considerably lower substrate temperatures. This means that the transition is caused rather
through the reactivity of the plasma than through the substrate temperature. This in turn means that
the gaseous Mo-0 compounds must be controlled ve¥y accurately so that the integration of the solid
lubricant in the form of powdery molybdenum oxide (MoO2 or M00:3) during the layer deposition can
be prevented. For illustration purposes, this will be discussed using the example of 81§@z§ﬁﬂﬁ§g
electron microscope pictures (SEM images) of rupture cross-sections for Mo-N, Mo-O and Mo-N-0

layers. Figiel/iis{ Sietthwsran §piva fgeemshsislogisfor ammibddraniinittiste lapetddo, EFEN the
inventor@ﬁﬂg@wgg%eymwfé@??@f%%é&@#ﬁ eyaporaton, 5%'\?%%%}%5%%% ?ﬁ‘éﬁ dengsited a

molybdenum nitride MoN onto a bonding é?/er of chromium nitride CrN (thickness of the bonding layer
approx. SBORRYISTHE MOP Y& WESHFed(eerataridtiferature of 450C with a Mo target and a spark

current of 220 A. The nitrogen pressure was 3,5 Pa and a substrate bias of 20V was used. The SEM
image ofthesuptiireecnussaiectiohshewslerdenses layesmespholqgy, Hareiness BeasHiements yielded

typical valy S gI-WB 00-500, layer,showed.in comparispn with layers usually produced b
means o@sgar% e@a&é%ﬁ?ﬁ r18 %1 {(‘?lgéﬁgaﬂyb%%g%%dgaﬁngses%?; ﬁ'g i ﬂﬁ’?\ Rs Egei Ami-C
- Additionally, the friction coefficients of the deposited layers were determined. For this, a SRV test resp.

a tribombBEEr MY tHeSorh 5476 ptimoIniest gsnes treflbehrik emisH thasuseds Whamperferming the
SRV testidhestodpeiabiesteanauniodin the dasing hamber(asphererpn a diskere prassed onto
0

one another wijth a prescribed force. During the measurement, the upper test object, in this case the

counter BO&tAT o AEa% phers rlgoers sienchicnartroniae pivbraestobiect iihéurokted test
disk). Fanthemeasuranient, the freaueney lide pabtest f@é@ém%éet%%%%%%& Qg‘éﬂtlifl’”
y by

were pr%%pe%i}geg. urin,%the {‘%?as rerr,]?nt, the friction forces were recorded continuousl
W02012855285 theans 8 SaHEoT and the HicfidhRRIGeS HHIRESH fsd igomtikily. bhhe wear and
tear occursingediiring: thevaeasstiement on both test objects was also assessed after the
measurement.

This also applies in particular when molybdenum nitride Eé integrated in suitable quantities
into other nitrides. This means that the originally very good properties that the basis nitrides
have, are preserved, but that additionally smearing can be prevenied by adding
molybdenum nitride. Here too, the depletion of the MoN through uncontrolled posi-oxidation
can be prevented or at least inhibited by replacing to a greater extent or completely MoN

partly with MoQ, preferably at the layer surface.

Furthermore, the inventors could produce for the first time by means of spark evaporation
and pulsed spark evaporation relatively thick molybdenum-containing layers (> 50 nm) with

a higher concentration (= 50at%) of molybdenum oxide.

The synthesis of the molybdenum nitride oxide layers Mo-N-C in & PVD process takes
place through plasma-assisted reactive coating, for exampie by means of reactive spark.
evaporation, in that a cathodic spark on a molybdenum target is operated in nitrogen
almosphere between typicaily 0.1 Pa and 10 Pa. The adjunction of oxygen results in the

formation of molybdenum oxide Mo-O compounds.

The known oxides that are formed from molybdenum, namely MoO, and MoOs, have as

described the property that they are readily volatile. It is known that MoO4 sublimates at



The measured friction coefficient and the observations with respect to the smearing of the used
counter body of 1000r6 steel on the test disks coated with MoN in the SRV test are indicated in table
1. For all measurements in the SRV test, the same parameters in terms of frequency, glide path, test
force, test temperature and test duration were pre-specified. However, the measurements were
performed after three different test procedures, as id @lso indicated in table 1. Since for all
measurements a counter body resp. a sphere of 100Cr6 steel was used, the appeawwg&g{‘ %%;(?grings
from the steel on the contact surface of the coated test disk was to be expected, as IS Usua er the
predefined conditions, However, the inventors surprisingly observed that no smearing of the counter

body on 'fHEBRUAEE LP 68t isks contédWith Mol becaiteas Talsléne sierohcobfifserisof the
MoN layessdaradpeeehby meanmsfisparkevapgrationsand ghseryation of &E‘lﬁ%%grﬁé@&a@@?@@r body

on the Ia\éers in the SRV test Different test procedures for the measurements in'the SRN/ test

Measurdd HRbTERERearitg G FB0CTE Eb e TURTRBET bR RIONTS means that the transition is

caused rather through the reactivity of the plasma than through the substrate temperature.
This in turn means that the gaseous Mo-O compounds must be confrolied very accurately
50 that the integration of the solid lubricant in the form of powdery molybdenum oxide
{(MoO, or MoOs) during the layer deposition can be prevented.

For illusiration purposes, this will be discussed using the example of some scanning |
electron microscope pictures (SEM images) of rupture cross-sections for Mo-N, Mo-0O and

Mo-N-0 lavers.

Fig. 11is a sketch of a typical layer morphology for a molybdenum nitride layer MoN, which

the inventors have produced by means of reactive spark evaporation.

The inventors have deposited a molybdenum nitride MoN onto a bonding laver of chromium
nitride CrN (thickness of the bonding layer approx. 300 nim). The MoN layer was produced
at a temperature of 450°C with & Mo target and a spark current of 220 A. The nitrogen

pressure was 3.5 Pa and a substrate bias of 20V was used.

The SEM image of the rupture cross-section shows a dense layer morphology. Hardness
measurements yielded typical values of HV 3000£500. The fayer showed in comparison
with layers usually produced by means of spark evaporation an unusually low roughness of
Rz =1.07 um and Ra = 0,13 um,

Additionally, the friction coefficients of the deposited layers were determined. For this, a
SRV test resp. a tribometer from the company Optimol Instruents Priftechnik GmbH was
used. When performing the SRV test, the two test objecis mounted in the testing chamber
{& sphere on a disk) were pressed onto one anoiher with a prescribed force. During the
measurement, ihe upper tast object, in this case the counter body (an uncoated sphere of
100Cr6 steel) oscillated on the lower test object {(the coated iest disk). For the
measurament, the frequency, glide path, test force, test temperature and test duration were

pre-specified. During the measurement, the friction forces were recorded continuously by



dry running tests with coated test disk that have not been treated after the coating dry running tests
with coated test disks that have additionally been polished after coating lubricated tests with coated
test disks that have additionally been polished after coating 12 W02012055485 The x-ray diffraction
(XRD) spectrum in fig. 4 shows the typical Bragg reflexes for the MoN produced by means of spark
evaporation. Fig. 2 shows the sketch of a layer of M3-N-0 deposited onto a CrN bonding layer. The
MoN-0 layer was produced on an approx. 300 nm CrN bonding layer under similar ﬁg{gdiq%ns to the
MoN layers described above, at 450C substrate temperature and a spark current o #N 282489 short
phase of several minutes in pure nitrogen, oxygen was added to the process regulated to the nitrogen

pressurd stas g Wﬂﬁ@ﬁ%@@ﬁrﬂéwgbéﬁﬁ%ﬁéﬁ@éé@@%ﬁﬁ%ﬂ%ﬁéﬁ@ﬁﬁﬁ%}a@%@wewwﬁzh from
50sccm to.8009e0MyiRRer2EN: H0age Ol her UBtHIe: 6/ 085 _@&E&%)ﬂ?&%ﬁ&é@%%@?ﬂw to a loose

layer construction in the last third of the layer (as sketched in fig. 2). The upper layer showed the loose
deposited RISHFIAGEE that has smearing properties but barely any mechanical resistance.
The measured friction cosfficient and the cbservations with respect to the smearing of the
used counter body of 10008 steel on the test disks coated with MoN in the SRV test are
indicated in table 1. For all rneasurements in the SRV test, the same parameters in terms of
frequency, glide path, test force, test temperature and test duration were pre-specified.
However, the measurements were performed after three different test procedures, as is

aise indicated In table 1.

Since for all measurements a counter body resp. a sphere of 100Cr6 steal was used, the
appearance of smearings from the stesl on the contact surface of the coated test disk was
to be expecied, aé is usual under the predefined conditions. However, the inventors
surprisingly observed that no smearing of the counter body on the surface of the test disks

coated with MoN occurrad,

Tabie 1: friction cosfficients of the MoN layers produced by means of spark evaporation

and observation of smearing of the counter body on the lavers in the SRV test

Lifferent test procedures for the Measured friction | Smearing of 100Cr6
measurements in the SRV test coefficient [um] steel on MoN
dry running tests with coated test disk that ~ 0.8 no smearing

have not been treated after the coating

dry running iesis with coated test disks that ~0.5 no smearing

have additionally been polished after coating

tubricated tests with coated test disks that ~ (.08 o smearing

have additionally been polished after coating




It will be obvious to the one skilled in the art that the integration of such a layer into a layer system will
lead to bonding problems. The inventors ascribe this undesirable construction in the last third of the
layer to the fast reaction of the molybdenum atoms in the coating chamber and even in the already
produced MoN layer with the oxygen added in the coating chamber. This fast reaction, so the
inventors surmise, promotes from a specific flow of d4/gen onwards the formation of volatile
molybdenum oxides such as Mo02 and Mo03 during coating. This result therefore underlines the
importance of preventing the sublimation of the Mo02 and ivio03 during coating, i.e WG RBIRPGEHS flow
of oxygen in such a manner that essentially not only volatile molybdenum oxides such as molybdenum
monoxide [RE0F arsimeipatetihtbapedayer kyiterh shwan heweverbBradyant: ©ateokding to
the invenfionteanask with & high-2xygen flow;Lnfil completion of the layer for molybdenum trioxide
(Mo03) to be formed at the layer surface and thus for a soft run-in layer to be generated, e.g. Mo03
onto Mo 1%%0201 05 4{?5 Fig. showst%?Pe XR%?sﬁectrum generated by the x-ray diffraction
analysis (XRDY of the MosO: E'fa?%‘ %gﬁﬂ%df Ty 3 SPHESLGI PR onwithodiechatelarie Hsmtpe
ISDN datafiakeyalsvopfirtsdiesformatianef. thecMed T whish-ftngtiansrasagoge, saliddulrisant. For
the laye % in fig. 2,,the surface roughness.could no be determined since the upper part of the
layer is t%%lf@% ocl’:‘ﬁr%a fgg tﬁic%gfgﬁr}ﬁ'ezg%%?gr%e%tgﬁh% HiCHOR Costrtiar b fHa et e a6t stisiBerlo
post-proéessingirisiagain detsrmihediiarther8Rtest pThe SRV testswete perfosmediindrg-run and
with the [$,2S,; i v e layers, were not subsequently polished in
orderto oot DORaIe gt b The HloDd a5 ero the Somn) il Seterd e CHIP AN PSRV tost
The frictACedticiast of thride daperpasmedisited Flthisway 38s @b, which is surprisingly higher
than the friction coefficient of the pure MoN layers which were characterized in exactly the same test

conditior$iésate! iestpatameierpand save desting precedyraLy the SRYAesL EB%%&%EQMS
conjecture tggt this unegﬁv%ﬁcted r,eﬁulg is due to the possibly integration of molybdenum dioxide (MDO02)

in the MESNEY KEGE hEWH 3 tHY fitatatlre ¥Rt RESKFEARY BBa rbntioned above, Mo02 is strongly

abrasive. How the formation of Mo02 can be avoided in the inventive production process will be
describethfiHhREDEIBW. ThigwBddhesketeh dftheiBE MdEyccrossssectionokatayespradticedut

accordi%;%@ggwgg&i%h\{ggg l;!%%@{gﬁgg oxygen content. The Iyer showed a clearly different

morphology as that of the layer sketc in fig. 2. The morphology of the inventively produced layer
with controllﬁ%gﬁé%en content resembles that of the MoN, although a proportion of more than 5 at%

oxygen ih 't AGHSE BV S by riie i F Srerik didperalinn xiray dhisreamalpsis(EDR). The
p;oﬁuctig;lrsmaacasés§eecf®at§rag©ds&ﬁ@%diﬁ&ﬁtﬁé,h%@i\l@@@%ﬁ%%%ﬁ ﬁw&z&%%%%%@ %&t@ﬁﬁf {LWH“OH
of the m enum monoxide (Moo) in.the MoN layer, wherein the atomic concentration of the oxygen
in the M%‘z%ﬁﬁ%% gﬁ';\a‘gy%%r)%‘I s*%‘é?%f?e%%%%&%?%?@&%%@ JHYPirasr REEshHItER $@tne, with d, e

i

and z incat@tobda and even in the already produced Mol layer with the oxygen added in the coating

e

chamber. This fast reaction, so the inventors surmise, promotes from a specific flow of

oxygen enwards the formation of volatile molybdenum oxides such as MoO, and MoO;
during coating.

This result therefore underlines the importance of preventing the sublimation of the MoQ,
and MoQ; during coating, {.e. to control the flow of oxygen in such a manner that
essantiaily not only volatile molybdenum oxides such as malybdenum monaxide (MoQ) are
integrated into the laver system.

It can however be advantageous according to the invention to work with a high oxygen flow
until completion of the layer for molybdenum trioxide (MoO;) to be formead at the layer

surface and thus for a soft run-in layer to be generated, e.g. MoOs onto MoO.



W02012055485 The proportion z (D + y) of Mo then corresponds to the molybdenum that has not
reacted with nitrogen and/or oxygen. This occurs for example during spark evaporation in the form of
conglomerates integrated into the layer that arise from molybdenum that has not fully reacted and that
are known in professional circles as droplets. The layer sketched in fig. 3 was deposited without
bonding layer. For the deposition of this inventive layér, 2 molybdenum targets were used that were
operated both with 220 A spark current. The coating process was set to a constant wg?égoréeoss%gsesof 4
Pa, which was established first by letting in nitrogen into the coating chamber. The pr ;1,

parameters were varied during the entire deposition process in an alternating and continuous fashion,

by adding'%o & R¥GuAe d Tt RrekElteansRiRe Rt 8Tsusdsis einnanm oedr R4 ahitie

subsequemtiyintesiupting.againithe, axyaendimsipsminunikthe: full layer thicknesshas heels.
reached. Fy means'of egg,é%\-dlsperswe X-rag microanalysis (EDX), it has been established that the

inventivé13) &R tHTESdE G &hmit e YN ST THBFEIRARL6 S0 OFENY G&H HBIvever, no

distinctive molybdenum dioxide or molybdenum trioxide peaks could be detected in the XRD spectrum
of this layer (seéfig: 6katubeghnttiey aréhoweertobesemsindigd Bolbis thusrsthionn dhatthre:Mo-0

layers pr [ ] ntrolled over the ox flaw in such a.way that the
stable and ducti (}:'A{ K%%%%ﬁﬁ%grﬁ%&gggﬁé %gﬁ%‘g iﬁ)% Uicet aeﬁ}ggbeéq?f%%%?g?@dﬁﬁ?%;g* 5f‘<‘lgmatrix
or also BassimthetizedadindividbasiayenEhsgrarsitiapeio Weeswithion with $&iy litde Ftegration of

(he ZoraRlus MR JRdARIBRLEARREAGRHE T & SuaK s FamB acdle piadution, ol soi

surface |ubrication is thus possiblé in the same process. As a ioned above, an outér Mo03
layer prodiR& iy Bifs sy ROpaHRERANS WeIPsliteachis Ritsh layaioit rapkssblth texibility 'dbthe

inventivelyssedispaik-evaporation sod Rulsed spark eyaperatign;processes, the inventive Moo layers

can also be integrated into any kind of layer. The Mo0O layers and kiloO + Mo03 layers using Mo03 as

urin o e EUASE 1S WOOLLSS408 pe s ey n it e bk o

achieve a specific so negss or an
system, snpriendty Bidmaiptoco ininintzertbe sfésieand tbarmiredunte badies/ o tibalogical system

and simylianeously iawe aaipilizedpridaton hefayior Rflavers.coniaining molybdenum. g
procedure) in the SRV test. The inventors conjecture that this unexpectad result is due to
the possibly integration of molybdenum dioxide (MoQ.) in the Mo-N-O. As is known in the
literature and has already been mentioned above, MoQ; is strongly abrasive. How the
formation of MoQ; can be aveided in the inventive production process will be described

further balow.

Fig. 5 is a sketch of the SEM layer cross-section of a layer produced according to the
invention with controlied oxygen content. The layer showed a clearly different momho%agy
as that of the layer sketched in fig. 2. The morphaology of the inventively produced layer with
controfted oxygen content resembles that of the MoN, although a proportion of more than &
at% oxygen in the layer can be evidenced by means of energy-dispersive X-ray

microanalysis (EDX).

The production process performed according to the invention essentially results only inn a
phase formation of the molybdenum menexide (MoO) in the Mol layer, wherein the atomic
concentration of the oxygen in the Mo {N.Q,) laver lies between a vaiue of & = 0.03 and 1

under the condition z =2 d + e, with d, & and z in at%.



The integration of MoO in any kind of layer and in particular in other oxide layers such as Al-0, Cr, Zr-0,
Ti-0 and/or also in mixed oxide layers such as (Al,Cr)0, (Zr,Cr)0 or Cr-0 is also advantageous, e.g. to
adjust smoothness. For this, the reactivity of the other elements towards the oxygen must be observed
very carefully. It is for example possible, through different tests each with incrementally increased
oxygen flow, to analyze from which oxygen flow onwl#gkds molybdenum dioxide and molybdenum
trioxide are formed in the layer. If during the coating process itself the lower oxygen flows are chosen,
the formation of the undesirable molybdenum oxides is prevented. As the inventors‘ Wt SE55
determine, it is particularly advantageous to provide a layer containing MoN between the Mot) layer

and the SOBSHERCTRIS AISE com UM i furhiar #pprevi iy e mdehdaican tatsiligsoitheskyferin
terms ofiaidnessandrhopding yatin thedayer: thean thende adypaiadeays 5o aravids n. addition to

the molybdenum, further other metal components in the layer. One particularly preferred embodiment
of the inYeRABH R FroHUIEHEABE M M0N-GYaIdRay arisa oot eparkdsapsratsmandoriplised spark
evaporatiar;tahighicanhe-producedforaxampleiastolows: @g?@@ting in nitrogen into the coating

chamber, a spark is ignited in the nitrogen atmosphere on a molybdenum target serving as cathode,
which cayses. the evaparai molybdenum.and/or already reacted malybdenym nitride. After
reaching a particular gyée?é thic “e‘égv,gag it Qoait)?ggevﬁ%?%gdglﬁ%ééﬁ}@ H%*feﬁ[ntg %ﬁé?wéeogﬁﬂas&%%é End
thus a MBYREG Y&y s, prsduickd suhicht s thevessygeddipropertiespef Alad b ditit aitidiiphallgpetie to
ihe smalluantifesolli-g ABMOA2QIR4RS sanantes bulking e ayer lsg procures

t Atter lettin

improved Iubribcatingm ert|e§ and/or smoothness. in nifrogen into*tWe'%oa\%%% chamber, a
spark is f§HE e therFitrydeii atribsprereronta melybesngmhanyet siving asssathedenwisich causes

the evaneiation pldnalyhaanuraanelaealiaady seacted molkbdenuim pitide Alehiracing g particular

layer thickness, a little oxygen is additionally let into the coating chamber and after a certain ti

interval, tH& SXyele flof RAHRied pidel 25235150 eI hblybarsamtide istiprRedusedagain. The

coating processdsdhusisontiaeginghisalteraating;manneriptl the desired QEP!A%PE&!&%@%SS of
the multj-layer coat Mo-N/Mo-N-0/Mo-N/Mo-N-0... is achieved, The thickness of theé individual layers
as well g&%%@%%g%: thickness are adapted to the field of application. With this variant
embodiment it is also possible to combine in a single coating the very good properties of Mo-N and the

lubricatiFy propestieissandior SsrootivessralMoc@analysis (ELX), it has been established that the
inveritive layers thus deposited exhibit a proportion of mors than 10 at% of oxygen.

However, no distinctive molybdenum dioxide or molybdenum trioxide peaks could be

detected in the XRD spectrum of this laver {see fig. 6}, though they are however to be seen
in fig.. 5.

it is thus shown that the Mo-0 lavers produced with épark evaporation can be controliad
over the oxygen flow in such & way that the stable and ductile MoQ (moiybdenum
monoxide) can be produced and be integrated into @ MoN matrix or also be synthetized as
individual layer. The transition to MoO; with or with very little integration of the abrasive
MoO; into the layer can be achieved in a fast oxide ramp and the production of a solid

surface lubrication is thus possible in the same process.

As already mentioned above, an outer MoOj; layer produced in this way is particularly well

suited as run-in layer,

Thanks to the flexibility of the inventively used spark evaporation and pulsed spark
svaporation processes, the inventive MoO layers can also be integrated into any kind of

layer. The MoO layers and Mo + MoO; layers using MoO; as run-in layer are integrated in



Similar layer systems can also be produced with alloyed targets of Mo in combination with other
metals or by activating resp. evaporating, in addition to the Mo target or the Mo targets, also targets of
other metals and/or alloys and/or of other materials during the coating process. In order to produce
similar layer systems as the ones already mentioned above but with particular mechanical properties,
the inventors have also provided for inventive layer dystems that comprise carbide. These layer
systems are also produced by means of spark evaporation and/or pulsed spark evaparation b%/ letting
in additionally a gas containing carbon during the coating procedure and/or by activ&?@?@gﬁ. 485
evaporating carbon targets and/or targets containing carbon, In general terms, there is an inventive

layer syStEHALBOASIRG @ SEpaFEd0IarREpfefeReéd erithadinmeist if sndetist twivleyers compriseradfirst
layer havingiasEainisemponastNoN and thus,exhibitingyer ggaﬂ?sﬂ‘sm%%%%?g%a”d 1ijb. ]
us exhibiting

W02012055485 a second layer having molybdenum monoxide as main component a
very good ftiBHEaNg ff%éfﬂ@%ﬁ@%&%éﬁrﬁ’%ﬁé@rﬁtﬁ@ﬂ?@@@ﬁéj%@@c@ﬁéj sayetieandveidesigned

to be gradual - Amessedtiatimprovesent of dhetaugbnrssis-achigyed by depositing multi-layer
coatings. Simultaneously, it is possible in this manner to prevent crack propagation from the surface to

the basie-material. Further, the maxi layer thickness can pe increased in many cases since
internal zechar%%kaalﬁéf&élﬁsgi&ﬁgt%g%%kﬁ?%(}%m'éfiaﬂgé% Wﬁ?H@‘h‘% G4 PRS2 CorAPared
with a mbhblayePcdatingl i ertértabnsore k gbodidehegiveress within the@ntire Coating (&-0

correspogpdiag gggg;@g%&&r@ %n@%%géggﬁéﬁ%gg he individual layers is required. This can be

achieved for example by generating gr ary/transition layers or by depositing intermediate

layers. i -
For this, the reactivity of the other elements fowards the oxygen must be observad very
carefully. it is for example possible, through different tests each with incrementally
increased oxygen flow, to analyze from which oxygen flow onwards molybdenum dioxide
and molybdenum trioxide are formed in the layer. If during the coating process itself the

tower oxygen flows are chosen, the formation of the undesirable malybdenum oxides is
prevenied.

As the inventors were able to determine, it is particularly advantageous to provide a layer
containing Mol betwaen the MoG layer and the substrate. This also contributes to further

improving the mechanical stability of the laver in terms of hardness and bonding within the
layear.

it can then be advantageous to provide, in addition to the molybdenum, further other matal

components in the layer.,

Cne particularly preferred embodiment of the invention is the production of a Mo-N-O layer

by means of spark evaporation and/or pulsed spark evaporation, which can be produced
for example as follows:

& After letting in nitrogen into the coaling chamber, a spark is igrited in ithe
nitrogen atmosphere on @ molybdenum target serving as cathode, which causes
the evaporation of molybdanum and/or already reacted molybdenum nitride.
After reaching a particular layer thickness, a little oxygen is additionally let into
the coating chamber and thus a Mo-N-O layer is produced which has the very
good properiies of Mo-N but additionally, dus to the small quaniities of Mo-O



Detailed description of the invention on the basis of examples The following examples serve to present
the invention in detail, they are now however to be considered a limitation of its scope. Example 1: It is
generally advantageous for piston rings and shaft seal rings to exhibit good mechanical stability and
simultaneously good lubricating properties and/or smoothness. In the present example, a piston ring of
stainless steel was coated with rvio-N by means of gfark evaporation. For this, the piston ring is
placed in the coating chamber of a coating facility. The coating chamber is evacuated and, in order to
clean/activate the surface, the surface is heated and etched before the coating proé@ﬁ@f’é?ﬁ%ﬁﬁtﬂng
in nitrogen into the coating chamber, a spark is ignited in the nitrogen atmosphere on a molybdenum
target serving as cafoae fHichiré silivstite thgasy ajsoratiotiiof srolybaert miandiorgaireadytreacted

- molybdenum nitride,khe depesitionof the material onto the piston surface results in the formation of a
2um thick Mo-N layer. The coating process enables the coating thickness to be adapted depending on
the application. 18 \%%%01205548_5 The inventive coating of pistons with Mo-N by means of spark

evaporation hs lef t& FRVERBH TR ObEe EHRSHIRG: thefictiors durifg hedist dtiches

considerably reducetiayuh alsadberseryine dife il thr pistorFing is-considerablyjnsreased.chheq:
inventors ascribe t eereduced irictic‘)f am r%]g%others t the,s%aéterings or droplets built into the layer by
the spark evaporation -t RBSE SR RHETHYY o HrUPIeta U AlRTSHCHIRF S &0 tstarey doitit:

essentially impair tAéestabilityianch thaisi theshardnessorfithe MaiNdaysryet iaredereseatinsush,

numbers that the um. thus, available. further improves, thanks to its lubricating properties, the
already good sIidi%%é%%%%g%ﬁ%%ﬁmﬁﬁﬁtﬁﬁ v{\fﬁfg%%sg o@ﬁ?‘ﬁ@g %%k%@@ﬁdﬁ%ﬁprocess. A

particular advgntagtz@?@pmgy@fmomimiﬁﬁe posgibitityiof ?ﬁatiags‘dtpﬂcﬁanié% %gé@;@esg@f precision
components since exactly according to the.required. precision
resp. the requiremén%é ?r%t%é\}é tr%bglﬁég?ga %ﬁsﬁgﬁ%%ﬁgﬁ?ﬁ%ggg%%é% %}gn'ﬁgﬁggrc%%q{%w&ﬂg pulsed
technology is used°thelgreivthiof tifferitphasdislay v oadiciohe MerkvidlVieglidtetl By, adjusting

dfferent puse harageieiian ARAMASSPHIBTHAS Yollane andioLhen anelafing o pulsed shark

evaporation source. This makes it possible, by a specitic adjustment of the coating paramgters and

especially of the plilke‘pararREicid it émbe fine glcimmispigsaritiidhishaszanertbprodaceiMo-N
layers with particutar{uenersiesiadapteaiadhe ysegfdhe 50 5%@%&-?&&%&'&@@&%@% by
e

varying the coatin%ﬁ@rt%meters during the coating process, to build for'example also in an alternating
fashion multi-layerMd-NAATerS Mt Gfrsreriesrasds: ppstiinas of bpePsystem can thus be

achieved in which cubic Mo-N alternates with hexagonal Mo-N. Such a layer system, which comprises
at least foilaydazstisonizoides atdedst prel cubicvatid shugshiarst dayenanthan esrashsxagana and
thus sof | t iment of the,present invention, a two-layer coating
system gﬁ%ﬁﬁgie%%%%regén gﬁi@’%ﬁ%ﬁ%ﬁ%{ggﬁ%ﬁeﬁ%ﬁ %%%g E neﬁgu%gt e%fgg’.b{.}%g%)%ﬁﬁcularly
heavy-difigplsichacirecafip aétonaengiiels andlso diardentbdeabledo dispenseuith@xternal
intermedigjgagthe.ficsidayer is then a Mo-N layer and the second layer is a molybdenum monoxide
layer 9, as represented in figure 7a. 19 W02012055485

Iy order to produce similar layer systems as the ones already mentioned above but with
particular mechanical properties, the inveniors have also provided for inventive fayer
systems that comprise carbide. These layer systems are also produced by means of spark
evaporation and/or pulsed spark evaporation by letting in additionally z gas containing
carbon during the coating procedure and/or by activating resp. evaporating carbon fargets
andfor targets containing carbon,

In general terms, there is an inventive layer system according to 2 particularly preferred

embodiment if at least two layers comprise:

® a first layer having as main component MoN and thus exhibiting very good

mechanical stability, and



Here too, as already described further above, an additional bonding layer can be provided, as shown
in figure 7b. The bonding layer 3 is provided between the substrate 1 and the first layer 5 in the layer
system. The bonding layer can be both a pure metal layer (such as for example Cr, Mo, Ti, Si) or also
a composite (such as for example Me-N or Me-NC), wherein Me can also be a combination of metals.
The transition between the first layer 5 and the secohfl layer 9 can be designed as a gradient in such a
manner that with increasing distance from the surface of the substrate, the Mo-N concentration
diminishes and simultaneously the Mo-0 concentration increases. This results in a %W&Wﬁ%sive
strength within the layer system. This applies accordingly for all layer transitions of the layer systems
mentioned in this deSefptisnaTtie Giadematardienpartivalarddmpsisesthecentperlayenandiosthe entire

layers. A further in@mﬂm@q}e%@go@m%gw%@{gésystem can be achieved by the deposition
of several nano-Layer coatings or by producing hano-composite structures, for example by embedding

the hard hase in the form of nano-grains in a matrix from the softer phase. One speaks of X-layer,
The BRI Eéﬁ?%é&%ﬁ%ﬁg NSRRI CYR{aRTS fredsmmatiirasrarsial X can be an

in the frame of the pre
elementary material or a compound. In the frame of the present description, a coating has been

disclosed st Eorhisrizisy airteakohttay srugimedsiganolybee hyranes whichisticharactedzagdn that
the molybgenwnds.essenti depim.m ' inyentive coating can contain for example
a molybdenum oxidﬁﬁ%}gﬁ%én%%%gg essenﬂaﬂ ygr?ggﬁ/jg%{)e%?){:%t ?n%no&fggﬁgﬁg%g?gfl %%gﬁréaecu

distinguiSh&y fréioViGTS MBS TagERs thethabfonexdmmte tekiRE spedirimaooétisediolytxtenum
monosicipies OO ErDEsSRIAIN Betlies a0 penks ot Mot pecls, 20 gL a0sdes

The inventive coating can also contain a Mo-N-0 layer comprising m enum-nitrogen c%){ﬁﬁounds
and mol§BHERIESGEEBBApctHAS TWhepkk B<eriinly the molybdenum atoms build a compound

with maximum one oxygen atom and wherein molybdenum monoxide is preferably comprised in the
coating. A préde treremizozlinent afitheiinventvel toating avithatieasionecMehhgdayas is

characteyi j :N-0, layer lies between a molybdenum nitride layer and a molybdenum
monoxic%; ayé?.{} ﬁﬁ%ﬁ%’%ﬁ%&@%ﬁﬁg%ﬁgﬁﬁ% ’fﬁ%ﬁ%—%%ﬁ%ﬁe%?ﬁ%e e<dibEAHY%he following
formulaanfiziRdds) swartepbin: egitreitoriadxy gencongentratitorindber Mo NyQilayesiting

intermediate layers. '
Detailed description of the invention on the basis of examples

The following examples serve to present the invention in detail, they are now however to be

considered a fimitation of its scope.

Example 1! It is generally advantageous for piston rings and shaft seal rings to exhibit good
mechanical stability and simultanecusly good lubricating properties and/or smoothness. In
the present example, a piston ring of stainless stesl was coated with Mo-N by means of
spark evaporation. For this, the piston ring is placed in the coating chamber of 2 coating
facility. The coating chamber is evacuated and, in order to clean/activate the surface, the
surface Is heated and etched before the coating procedure. After fetting in nitrogen into the
coating chamber, 2 spark is ignited in the nitrogen atmosphere on a molybdenum farget
serving as cathode, which results in the evaporation of molybdenum and/or alraady reacied
malybdenum nitride. The deposition of the material onto the piston surface results in the
formation of a 2um thick Mo-N layer. The coating process enables the cogting thicknsss o

be adapted depending on the application.



d: is the atomic nitrogen concentration in the Mo-N-0 layer z: is the atomic molybdenum concentration
in the Nilo-N-0 layer and z y. The Mo-N-0 layer can also be a graded layer, wherein the oxygen
concentration decreases from the boundary surface close to the substrate towards the boundary
surface close to the surface of the Mo-N-0 layer whilst the nitrogen concentration increases. An
inventive coating can also be deposited as a multi- Iéﬁer coating system, wherein several MoN and
MoO layers are deposited in alternating fashion and can also contain several Mo- N- w‘% %e for
example between the MoN and MoO layers and that can be deposited as graded Iayers WI apted
variationg of the nitrogen and oxygen concentrations to improve the adhesive strength within the layer.

The invetR&WEAHE carlRRSHIaIERAINERIBERY FBvr T/eFfith IS0 ERE MO Hibauces

SlgnlflCaM\z@@W@@@gﬂ%@bﬁ@@v&%ﬁ'@ﬁe@@ﬁ@%&@@n@%@@tﬁé te-thedaventiondbe cealinggan also
include one or several bondin fyer (s).and/or functional layer(s) between the base body and the layer

containif§ M SAN51S5 Hefe e 4\ AfidrE SR BEEIAR SIIR ARV ERABITRES ORIy BiHP CoRTEFISES at

least onm@y@ﬂmmgd\m@n@ baving f ttﬁ;) Wt@g@mm&%& bg%g%%ﬁ%@&ﬁuﬁﬁ!r.ﬁ@m@tmséﬂ éa%lh@d "
W02012055485 ta Me AaBbCc ein 0 X eferaply 0 st: x and Me is
a metal from the gg%%[ﬁg%g%v '??é ?p@egaﬁi%r@ﬁ'gv ?E’g FRGTENURAY irytﬁg BRLEY 6Pt or more

metals afthesgedypranairitis nitroidians(i) With ;6 saaisckBds tarbnCrwith/8t® Q&sent in -
such numbers that the molybdenum thus available further improves, thanks to s
lubricating properties, the already good sliding properties of the Mo-N layer which is smooth

due to the production process.

A particular advartage of spark evaporation is the possibility of coating funciional surfaces
of pracision components since the layer thicknass can be deposited exactly according to

the required precision resp. the reguirements in the tribological system.

if for the above mentioned coating method pulsed technology is used, the growth of
different phases of Mo-N can be very well regulated by adjusting different pulse parameters
when applying a pulsed bias voltage and/or when operating a pulsed spark evaporation
source. This makes it possible, by a specific adjustment of the coating paremetars and
especially of the pulse parameters, to promote the growth of a particular phase and to
produce Mo-N lavers with particular properties, adapiad to the usea of the coated
component. Itis also possibly, by varying the coating parameters during the coating
process, to build for example also in an alternating fashion multi-layer Mo-N lavers with
different phases. In parlicular, a layer system can thus be achieved in which cubic Mo-N
alternates with hexagonal Mo-N. Such a layer system, which comprises at lsast two layers,
then includes at least one cubic and thus hard layer and an outer hexagonal and thus softer

laver.

According to g further embodiment of the present invention, a two-layer ceating system can
be depesited onfo the function surface resp. onto the substrate 1, &.¢. for particularly
heavy-duty pistons in combustion engines or also in order 10 be able to dispense with
external intermediates: the first layer is then a Mo-N layer and the second layeris a

molybdenum monoxids layer 9, as represented in figure 73,



C is oxygen (0) with 0 ¢ s 0.5 and wherein a, b and c indicate in at% between the elements N, C and 0
with a+b+c=1 and additional further elements can be provided but are preferably not provided, and x A
preferred variant embodiment of the invention is also a coating that comprises at least one layer
containing Mo and having in particular very good lubricating properties and sliding characteristics and
containing (Mol.y, Me) AuB,C"," wherein0sy s 0.9§,9preferably y s 0,5 and Me is a metal from the

group of VII, Ti, Al, Cr, Si, Zr, Ta, Nb, Ag, Cu and V or the combination of two or m%@%q%%&fs?is
group and A is nitrogen (N) with 0.5 u 1 B is carbon (C) with 0 v 5 0.5 C is oxygen (0) wWith'0.5w 1 and

wherein y, v and w indicate in at% between the elements N, C and 0 with u+v+w=1 and additional
further eleThRATS cah BECRIIRSE BIR G Pt rapry ndl ViR dagivg Pisterablycabcodting could
also be stsuciured iadeiedbior thedpraMipR i@ COMPEISRIded between the substrate 1 and the first

tayer & in the layer system. The bonding layer can be both a pure metal layer (such as for
example Cr, Mo, Ti, 5i) or also a composite (such as for example Me-N or Me-NC), wherein

Me can aiso be g combination of metals.

The transition between the first layer 5 and the second layer 9 can be designad as a
gradient in such a manner that with increasing distance from the surface of the substrate,
the Mo-N concentration diminishes and simuliansously the Mo-O concentration increases.
This results in a very good adhesive strength within the layer system. This applies
accordingly for all layer transitions of the layer sysiems mentioned in this description. The

gradient can in particular comprise the entire layer and/or the entire layers.

A further improvement of the toughness in the layer sysiem can be achieved by the
depuosition of several nano-layer coatings or by producing nano-composite structures, for
example by embedding the harder phase in the form of nano-grains in a matrix from the

softer phase.

One speaks of Xayer, in the frame of the present description, when the layer contains

predominantly X, wherein X can be an elementary material or a compound.

In the frame of the present description, a coating has been disclosed which comprises at
least a layer containing malybdenum and which is characterized in that the molybdenum is

assentially molybdenum monoxide,

The inventive coating can contain for example a molybdenum oxide layer comprising
essentially molybdenum monoxide. A MoO layer can be distinguished from Mo, and
MoOs layers in that for example the XRD spectrum of the molvbdenum monoxide layer

{MoO) exhibits essentially neither MoO; peaks nor MoOs peaks.

A preferred embodiment of the inventive coating can for example additionally also comprise

a molybdenum nitride layer.



at least a first MoN-containing layer and thus exhibiting in particular very good mechanical stability
(according to the (Moi_x, Me) A,BE,C, layer described above), and at least a second layer exhibiting in
particular very good lubricating and sliding properties (according to the (Moi_y, Me) /1/2,,B,,C,A, layer
described above). A preferred variant of the method for producing the inventive coating is a PVD
process or combined PVD/CVD process, wherein themolybdenum monoxide is deposited in the
molybdenum-containing layer by means of spark evaporation. 22 W02012055485 A further preferred
variant of the method for producing the inventive coating is a PVD process, whereirf{@&012055485
molybdenum-containing layers are produced by means of spark evaporation of at least one target
containir@m@yﬁﬁ@mm%'me&otﬁemmm@ha@]%@a@rmlmm‘&;?ﬁ@g the Hayers.conirioing .
molybde e ed mol bdenu a|n| ets are use
thatyare pro u%ﬁ%%%%(ﬁgﬂ;sp %@n%t tﬁ%l\gg §%r§e |ng ?Thpao{w éersrshee glca %ﬁ%ﬁ&%nts can
be coatedfdépatidihg GATHEHP Pt rawith.eneomd stgitabiéovarant efitherinveniivese

particulag; saaghiringdeels and &WHQ@@%M%@@MM according to the |nvent|on for the
production of components of metal or metal alloys, in order to reduce or preferablyI cc;rgpletely prevent
\S/\%ez%ri s of éagrerga(:hg]ecﬂnmeer;[? f;l)s‘f rer?%&!ﬁgﬂgycsoggég Evg?iaég Eeglsjtrfaarfg ﬁ?%gtgieé’jt}oi%yw is

chara@t@ﬂzed i that the Mo-N-O layer lies between a molybdenum nitride layer and &

molybdenum monoxide layer,

The atomic concentration ratio in the Mo-N-O laver can be described by the following

formula: Mo {NsQ,) , wherein:

e: is the atomic oxygen concentration in the Mo-N-O laver
d: is the atomic nitrogen concentration in the Mo-N-O layer

z: is the atomic molybdenum concentration in the Mo-N-O layer and z = .

The Mo-N-O layer can also be a graded layer, wherein the oxygen concentration decreases
from the boundary surface ciose to the subsirate towards the boundary surface close fo the
surface of the Mo-N-O fayer whilst the nitrogen concentration increases.

An inventive coating can also be deposited as a mulli-layer coating system, wherein
several Mol and MoO layers are deposited In alternating fashion and can also contain
several Mo-N-O layers that lie for example between the MoN and MoO layers and that can
be deposited as graded layers with adapted variations of the nitrogen and oxygen

concentrations to improve the adhesive strength within the {ayer.

The inventive coating can also additionally include a cover layer with MoQ, if the MoQs

produces significant advantages for the specific application

According to the invention, the coating can also include one or several bonding iaver(s}

andfor functional layer(s) between the base body and the layer containing Mo.

An also preferred variant embodiment of the invention is a coating that comprises at least

one layer containing Mo and having in particular very high mechanical stability and



lllustrations: Fig. 1:sketch of the layer morphology of a MoN layer deposited by means of spark
evaporation with CrN bonding layer in SEM rupture cross-section. Fig, 2: Fig, 3: sketch of the layer
morphology of a Mo-N/Mo-N-0/Mo-0 layer with CrN bonding layer in SEM rupture cross-section,
wherein the molybdenum oxide phases Mo02 and MoC3 can be evidenced in the layer by XRD,
sketch of the layer morphology of a Mo-N/Mo-N-0/Md-0 layer produced according to the invention by

means of spark evaporation without bonding layer, in SEM rupture cross-section, W‘?{gﬁ%ﬁ%s 485

molybdenum oxide phases Mo02 and Mo03 can be evidenced in the layer by XRD, althiough more

than 10 atomic percent oxygen can be evidenced in the Iazer by EDX. The layer was produced by the
. o

adjunctiGR RtEITEE1E8 as el ifitéivats "ERAA bRV GEHOR L IBBEER (& 4 Pa &dt preskilsré) with an

on-time ef4Qsrand @@ eftlimenf3 minytes, &igzA-Fypieal Aﬁ%@%%%@_ Mo, ia¥eh 198,

Bragg reflexes are in conformity with the MoN reference ISDN 00-025-1367, Fig. 5:Typical XRD

spectrurfi'df'8'MmBtEak e Nih 852 BragR reflexes are in conformity
Ads nitrogen (N)with 0.5 <a <1

Biscarbon {C)with0<b<0.5
Cisoxygen (Oywith0<c < 0.5
and wherein g, b and ¢ indicate In al% between the slements N, C and O with a+h+c=1 and

additional further elements can be provided but are preferably not provided, and x = c.

A preferred variant embodiment of the invention is also a coating that comprises at least
one layer containing Mo and having in particular very good lubricating properties and
sliding characteristics and containing (Mo+.,, Me,) A B.C,.. wherein C < y < 0.99, preferably
0=y <0.5 and Me is a metal from the group of W, Ti, AL, Cr, Si, Zr, Ta, Nb, Ag, Cu and V
or the combination of two or more metals of this group and

Ads nitrogen (NJwith 0.5 <u <1

Biscarbon(Ciwith 0 <v< 0.5

Cisoxygen (O with 0.5 <sw <1

and wherein u, v and w indicate in at% between the elemenis N, C and O with u+v+w=1

and additional further elements can be provided but are prefersbly not provided, and y > w.
Preferably, a coating could also be structured according to the invention {o comprise:

® at least a first MoN-containing layer and thus exhibiting in parficular very good
mechanical stability (according to the (Moq, Me,} A.B,C. layer described

above}, and

@ at least & second layer exhibiting in particular very good lubricating and sliding

properties (according to the (Mo+.,, I\/E@y)_ﬁi\u%vﬁw layer described above).

A preferred variant of the method for producing the inventive coating is a PVD process or
combined PVD/CVD process, wherein the molybdenum monoxide is deposited in the

molybdenum-containing layer by means of spark evaporation.



with the Mo03 reference ISDN 00-001-0706. Fig. 6:Typical XRD spectrum of a molybdenum monoxide
layer. Reference list: 1:substrate 3:bonding layer and/or functional layer 5:first layer 7:transitiqn.layer
9:second layer 24 W02012055485 Claims 1. Coating comprising at least one layer contglnlng
molybdenum with molybdenum oxide, characterized in that the molybdenum oxide is essentially
molybdenum monoxide. 22

WO02012055485

Afurther preferred variant of the method for producing the inventive coating is a PVD
process, wherein the molybdenum-containing layers are produced by means of spark

evaporation of at least one target containing molybdenum in a reactive atmosphere.

As material source for the layers containing molybdenum, both molybdenum targets as well
as alloyed molybdenum-containing targets are used that are produced for example by

metaliurgical smelting or powder-meataliurgically.

Components can be coated depanding on the application with the most suitable variant of

the inventive coating.

in particular, machining tools and forming tools that are coated according to the invention
for the production of components of metal or metal alloys, in order to reduce or preferably
compietely prevent smearings of the machined metals or metal alloys on the coated

surface of the tool.



2. Coating according to claim 1, characterized in that the coating comprises at least one molybdenum
oxide layer that essentially includes molybdenum monoxide and in that the XRD spectrum of the
molybdenum monoxide layer essentially exhibits neither Mo02 peaks nor Mo03 peaks. 3. Coating
according to one of the preceding claims, characterized in that the coating comprises at least one
molybdenum nitride layer. 4. Coating according £ one of the preceding claims, characterized in
that the coating comprises at least one Mo-N-0 layer including molybdenum-nitroge\% mgounds and
molybdenum-oxide compounds, wherein essentially the molybdenum atoms form a gﬂ‘? dRaRRn
maximum one oxygen atom and in that molybdenum monoxide is preferably contained in the coating.
5. Coatiﬁ%%%’lﬁ@fto claim 4, characterized in that the Mo-N-0 layer lies between a molybdenum
nitride layer and a molybdenum monoxide layer. 6. Coating according to claim 4 or 5,

charactefigedin thakhehaibthiciagaceniratiorntatior in the\Mayd-Gdayenisdeperibad by thedellowing
formula: formula: Moz Nd%egﬁwhﬁr%rﬁ%ﬁﬂis%e ?tomic O%ﬁfn concentration in the Mo-N-0 layer d: is
the atomic nitrogert CoRCantration in-the MBS AV 'D: 15 the WBHicHGRBESHEM concentration in
the Mo-N-0 layer and z y. 7. Coating according to claim 4, 5 or 6, characterized in that the Mo-N-0
layer is & §radled |EfEicRéfEn tenitrogdwioarcerhtiohl déerbasdd fréiaherbaimdaly surface close
fo the substrate WOwglsihedipvga. sudece Sash I MeaiRce ol iBada-aipyarudist the

oxygen concentration increases. 25 W020125055485‘ 8. Coating according to'c or 6,
characterized in thildie #s Nelayénion grsiesssyeriiprananitneBagen concentration decreases

from the boundary surface close to the substrate towards the boundary surface close to the surface of
the Mo-INig. layer vetitstithsf tiitedgenrconosmifationincCrkeasesio-N-O/Mo-O layer produced

according fo the invention by means of spark evaporation without bonding layer,

in SEM ruplure cross-section, wherein no molybdenum oxide phases MoQ, and
MoQs can be evidenced in the layer by XRD, although more than 10 atomic
percent oxygen can be evidenced in the layer by EDX. The layer was produced
by the adjunction, interrupted at time intervals, of an oxygen flow of 5{?sccm (at 4

Pa set pressure) with an on-time of 40s and an off-time of 3 minutes,

Fig. 4. Typical XRD spectrum of 2 MoN layer, whose Bragg reflexes are in conformity
with the MoN reference ISDN 00-025-1367.

Fig. 5: Typical XRD spectrum of & MoO; layer, whose Bragg reflexes are in conformity
with the MoOs reference [SDON 00-001-0705.

Fig. : Typical XRD spectrum of a molybdenum monoxide laver.

Refaerence lst:

substrate
bonding layer and/or functional layer
first fayer

transition layer

Lo m e

second layer



9. Coating according to claim 4, 5 or 6, characterized in that the coating comprises at least one coating
according to claim 7 and at least one coating according to claim 8.  10. Coating according to one of
the preceding claims, characterized in that the coating has a cover layer with Mo03.  11. Coating
according to one of the preceding claims, characterized in that at least one bonding layer and/or at
least one functional layer is deposited between the Bdse body and the layer containilng Mo. 12
Coating according to one of the preceding claims, characterized in that at least one layer containing
Mo hagin particu?ar very high mechanical stability and contains (Mo.1, Me) AaBwa%%%qa%%.%, _
preferably O s x 0.5 and Me is a metal from the group of W, Ti, Al, Cr, Si, Zr, Ta, Nb, Ag, Cu and V or
the combination of two or more metals of this grodg@FtFA is nitrogen (N) with 0.5 L: a 1 B is carbon
(C) with 0 b 0.5 C is oxygen (0) with O c erc 0.5 and wherein a, b and c indicate in at% between the

elements N, C an@ 8=ty eorheiFerly @m@le@@dEEE%@M@HB@&@L@?Q%%&@}@ﬁu&ﬁ%i%ﬂf@b@&%%ﬁfamy
t id dx?, c. 13 Coating according to ane of the preceding claims, characterized in
that a IC00E S Ty AR G M Ry PArGLIar VR b ErCATig prOpEres & Séing

o od. o thqvl
ohé layer containing .
characteristics and contains (Mai., Me) AL,B,Ci,", Whergin 0y 0.99, preferaply O y _0.5 and Me is a
metal from thé gréfFORNECTETRINTE Siaze, Tashabadeied anthet onthenetimbiratiprisaftaidarsnore

metals of RIS GIOHRRMIASISUTARENH{N) AR 0213 bR JeB IS SABER (@ W O 6r 9P, that
the XRD spectrum of the molybdenum monoxide layer essentially exhibits neither MoG,
peaks nor MoO; peaks.

3. Coating according to one of the preceding claims, characterized in that the

coating comprises at least one molybdenum nitride layer.

4. Coating according to one of the preceding claims, characterized in that the
coating comprises at least one Mo-N-O layer including molybdenum-nitrogen compounds
and molybdenum-oxide compounds, wherein essentially the molybdenum atoms form a
compound with maximum one oxygen atom and in that molybdenum monoxide is

preferably contained in the coating.

5. Coating according to claim 4, characterized in that the Mo-N-O layer lies between

a molybdenum nitride fayer and a molybdenum monoxide layer.

6. Coating according to claim 4 or 5, characterized in that the atomic concentration
ratio in the Mo-N-O laver is described by the following formula: formula: MoL{N4Oe),
wherein:

e! is the atomic oxygen concentration in the Mo-N-O layer
d: is the atomic nitrogen concentration in the Mo-N-O laver

z: Is the atomic molybdenum concentration in the Mo-N-O laver and z 2 y.

7. Q@éting according to claim 4, 5 or 6, characterized in that the Mo-N-O layer is a
‘graded layer, whersin the nitrogen concentration decreases from the boundary surface
close to the subsitrate towards the boundary surface close to the surface of the Mo-N-O)

layer whilst the oxygen concentration increases.



26 W02012055485 C is oxygen (O) with 0.5 w 1 and wherein u, v and w indicate in at% between the
elements N, C and 0 with u+v+w=1 and additional further elements can be provided but are preferably
not provided, and y>w. 14, Coating according to one of the preceding claims, characterizgd in that
the coating comprises at least one first layer according to claim 12 and a second layer accqrdlng to
claim 13. 15. PVD process or combined PVD/C\® process for the production of a coating _ _
according to one of the preceding claims, characterized in that the molybdenum monoxide is deposited
in the layer containing molybdenum monoxide by means of spark evaporation. F %ﬁﬁgéss

for the production of a coating according to one of the preceding claims, characterized in that the
molybdenum-8ontaifiifif Jayeier diogrodabadiby Aicans of spiark evaporationedi/at ledstone tagget
containingdBeLRARR M 68 FAREINR, BN rarior do GRIRATRALMID B.SARING- Sharacterized in
that the coatingﬂis a coating according to one of the preceding claims 1 to 14, . Use of a tool

coated ac@&FIRGE BRI EIMAEIBrEGUHBRCET e sMiperrAlesst métal vrfactabhlivy$icha@cterized

in that the\goatingsmakesidi-pessidledareduse orriefetably completely prevent smearings of the
machined metals or metal alloys on the coated surface of the tool.

8. Coating according fo claim 4, 5 or 8, characterized in that the coating comprises

at least one coating according to claim 7 and at least one coating according to claim 8.

10. Coating according to one of the preceding claims, characterized in that the
coating nas a cover layer with MoOs;.

11. Coating according to one of the preceding claims, characterized in that at least
one bonding laver and/or at least one functional layer is deposited between the base body
and the layer containing Mo.

12. Coating according o one of the preceding claims, characterized in that at least
one layar containing Mo has in particular very high mechanical stability and containg (Mo,
Mey) AByC., wherein 0 = x £ 0.99, preferably 0 < x < 0.5 and Me is a metal from the group
of W, Ti, Al, Cr, i, Zr, Ta, Nb, Ag, Cu and V or the combination of two or more metals of
this group and

Adsnitrogen (N with 0.5 <a < 1
Biscarbon{Ciwith0<h <05
Cisoxygen {0 with0 <o <05
and wherein a, b and ¢ indicate in at% hetwsen the elements M, C and O with a+h+c=1 and

additional further elements can be provided but are preferably not provided, and x = c.

13. Coaling according to one of the preceding claims, charactetized in that at least
one layer containing Mo has in particular very good lubricating properties and sliding
characteristics and contains (Moy.,, May) AB.Cy, wherein 0 < y < 0.99, preferably 0 < y <
0.5 and Me is a metal from the group of W, Ti, Al, Cr, Si, Zr, Ta, Nb, Ag, Cu and V or the
combination of two or more metals of this group and ‘

Aldsnitrogen (Nywith 0.5 <su <1
Biscarbon (Ciwith0 sv <05
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Cisoxygen {Oywith 0.5 <w <1
and wherein u, v and w indicate in at% between the elements N, C and O with u+v+w=1

and additional further elements can be provided but are preferably not provided, and v = w.

14, Coating according to one of the preceding claims, characierized in that the
coating comprises at least one first layer according to claim 12 and a second layer

according to claim 13.

15. PVD process or combined PVD/CVD process for the production of a coating
according to one of the preceding claims, characterized in that the molybdenum monoxide

is deposited in the layer containing molybdenum monoxide by means of spark evaporation.

16. PVD process for the production of a coating according to one of the preceding
claiims, characterized in that the molybdenum-containing layers are produced by means of

spark evaporation of at least one target containing molybdenum in a reactive atmosphere.

17. Component with a coating, characterized in that the coaling is a coating according

to one of the preceding claims 1 to 14.

18. Use of a tool coated according to claim 17 for the production of componeris of
metal or metal alloys, characterized in that the coating makes it possible to reduce or
preferably completely prevent smearings of the machined metals or matal alloys on the

coated surface of the fool.



