The |nvent|on concerns a coating on a substrate for conferring good

- tTi bol ogi cal properties on it, consisting of a non thernodynanic
eqU|I|br|un1chroniun}nitrogen alloy. The invention also concerns a nethod
of obtaining such a coating.. The tribojogical properties of a surface or
coating refers to the properties which determne the friction behaviour of
this surface over tine. The paraneters which express this behaviour are
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represepghareiby efit"o#OErRekionf, the energy involved; it is then nore
I nportant to attenpt an overall reduction in the wear rate, which depends

on the hardness, the fragility and the coefficient of friction conbined,
rat her Thénf&@ct&dhﬁ&efb&r@detblhb&ht1@fﬂhuaﬂﬂnmctﬂanubetweéh two

~ surfaces, and not lubricated friction where a film of
lubricant is interposed between the two solid surfaces and .
where the relative movement essentially occurs between the
layers of lubricant in the film.

In particular, under severe friction conditions, with a high

" load per unit area, resistance to wear implies a high hardness
of the rubbing surface. However, increasing the hardness of a
friction coating frequently increases in its fragility, with
the risk of premature wear through erosion.

There is a definite correlation between wear rate and
coefficient of friction because increasing the coefficient of
friction, all other things being equal, leads to an increase
in degraded energy and the wear rate is in direct proportion
to this degraded energy. :

In many applications the energy degraded by friction
represents only a minor part of the energy involved; it is
then more important to attempt an overall reduction in the
wear rate, which depends on the hardness, the fragility and
the coefficient of friction combined, rather than to reduce
the coefficient of friction alone.



In mhat foll ows, the expression "good tribol ogical properties" thus neans
' essentlally good resi stance to wear, including the wearing of fragile
coatings by erosion. The typical test will involve nmeasuring the rate of
wear or’ renoval of material on a plame coating in contact with a hi gh-speed
steel” r|ng with a load of 20 daN and sliding at 0.55 nis on the plane
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In the context of the present invention only the chromium-
nitrogen system is considered. In this system the nitrogen
content is expressed as the number of atoms of nitrogen per
100 atoms of chromium-nitrogen alloy.

In the thermodynamic-equilibrium diagram of the chromium-
nitrogen system, moving in the direction of increasing
nitrogen contents, there is a solid solution region with 0 to
0.15 atoms of nitrogen per hundred of alloy, followed by a C,N
nitride with 33.3 atoms of nitrogen per hundred, followed by a
CrN nitride with 50 atoms of nitrogen. The Cr,N nitride has a
hexagonal crystalline structure and the CrN nitride has an
NaCl type cubic structure. The latter CrN nitride has all the
characteristics of a ceramic. Moreover, two-phase chromium-
nitrogeh alloys are routinely obtained with a cubic chromium
phase and a hexagonal Cr,N nitride phase.

The prior art documents cited above, and EP-A-0 074 322 in
particular, disclose saturation of metastable ‘interstitial
solutions of nitrogen in the chromium to 3.5% by weight of



3_nitrogen, which represents substantially 12 atons per hundred of

" nitrogen. These docunents disclose that the interstitial solutions have a
hardness very much greater than that of chrom um (a Vickers hardness of up
to 2200, for exanple, as conpared withg600 for chrom um and that, for
concentrations of alloying elenents greater than the saturation of the
interstﬁitﬁbgénluwmboh répreseptsi substahtiazlyl l2ystoms pernhyhiried

pred ctogd [1ORI0g. t NenIndYasBhiefifl! 4i0E1UILILAGE MRe Ihﬁé%ﬁlt&ft%&t i tial

sol uti of u% odic s tering usin rom um cat hode
on a subslwbiensnhave cubardpesssvesy ks pEEPét§5n§h§P|ﬁ§aGf°§ rare gas

ﬁ%‘t a n&:ﬁ‘ﬁoﬁf&makJAO\‘/i_Bﬂe%eﬂEﬁ&néQsth 6pMebNadodi, sgee ehhapabqt @sor in the

ee state. is also found tastaglgHe terstitial % i,ons cause

di st or t¢%:>%¥e@ heleRppR0 F9%t abrPla%wbeaB ehf8Fi GRANCRRTEATISNS,
accountof 04116¢ihgceranentsagtaater Ehanaﬁnélsaﬁhrhaiodlatothned t hat,

contrar expegted fromt | IS S le in

t he chr%ﬂ#ﬁﬁ%gﬁ%fg%gﬁﬂlggé?8n1?%eoﬁ?BPﬂsﬁgggg g§|5 %géycoﬁggiéfﬁg nor e
ni t r ogemightinbéhpredietedi fram theutheHEOdvnamoneéqabdubranm whi ch have
bEtterd3££§9589'cal properties than interstitial solutions, conbined with a

reduced rate, freedomfromfragility and a relatively | ow coefficient
of friction. Thus the invention proposes a coating on a substrate for
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state or in the free state.

It is also found that metastable interstitial solutions cause
distortion of the cubic crystal lattice of the chromium, which
could account for the increased hardness.

The applicant has discovered that, contrary to what might be
expected from the prior art, it is possible in the chromium-
nitrogen system to obtain metastable alloys comprising more
nitrogen than the interstitial solutions mentioned above and
which have better tribological properties than interstitial
solutions, combined with a reduced wear rate, freedom from
fragility and a relatively low coefficient of friction.

Thus the invention proposes a coating on a substrate for
conferring good tribological properties on it, consisting of a
non thermodynamic equilibrium alloy of chromium and nitrogen,
characterised in that the alloy contains, per 100 atoms, from
87 to 68 atoms of chromium and from 13 to 32 atoms of
nitrogen, and in that it consists of two phases, a cubic
microcrystalline chromium phase containing included nitrogen
and a quadratic chromium nitride phase with a nitrogen content
which is stoichiometrically deficient relative to the Cr,N



and a quadratic chromumnitride phase with a nitrogen content which is

- stoichionetrically deficient relative to the [err] 4 nitride. The

two- phase alloy with these characteristics has a high hardness (a Knoop
hardness of approximately 2000); it has inportant advantages as conpared

with known chromiumnitrogen alloys of conparable hardness: - its wear rate
I's up trpitivhidee. times [ower than that of interstitial solutions of nitrogen
in chromumclose to saturation; - its wear rate i's substantially the sane

as that of the N and [err] nitrides and of t wp- phase, co ound consi sting
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mhereby parts of e surface of the substrate receive the deposit with
t he sarsatwxation;inci dence. The differences between the
t her nodynam c-equilibrium Cr2N nitride and the netastable nitrides in
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and Cr,N nitrides and of two-phase compounds consisting of

~ chromium and Cr,N nitride, but it is considerably less fragile.
It shows no scaling due to friction and therefore has a
service life much longer than that of thermodynamic-
equilibrium nitride compouﬁds;

- using physical vapour-phase deposition, the fineness of
grain is not influenced by the angle of incidence of the
deposition on the substrate. This contrasts with conventional
deposition using the same process where the grain size varies
greatly with angle of incidence. This independence of the
grain size and angle of incidence facilitates deposition on
substrates of relatively complex shape without it being
necessary to perfect arrangements whereby all parts of the
surface of the substrate receive the dep051t with the same

angle of 1nc1dence.

The differences between the thermodynamic-equilibrium Cr,N
nitride and the metastablé'nitrides in accordance with the
invention are confirmed by examination of the crystal
structure, by X-ray diffraction for example, and by the
distinctly different properties of the two-phase alloys
depending on whether the nitride phase is quadratic or
hexagonal, even when their overall composition is the same.
However, it has not at present been possible to determine the



distinctly different properties of the two-phase alloys depending on
- whether the nitride phase is quadratic or hexagonal, even when their
overall conposition is the same. However, it has not at present been
fpossicble to determne the 5.chem &l conposition of the quadratic
nitride. In particular, it wll be understood that the netastable nature of
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operating conditions such that a
The thickness of the coating is preferably between 0.1 and 50

pm, and more particularly between 5 and 20 pm. This thickness
depends on the wear rate, the intended application and the
permissible tolerances. With thinner coatings the grain size
of the alloy has to be taken into consideration.

In another aspect, the invention proposes a method of coating
an electrically conductive substrate, intended to confer good
tribological properties on this substrate, according to which
chromium is sputtered in a reactive atmosphere of nitrogen in
a rare gas confined at low pressure in a chamber equipped with
so-called magnetron sputtering equipment with, in combination
with a magnetic field, an electric field established between
the anode substrate and a cathode chromium target and
generating a plasma urider operating conditions such that a
deposit of a non thermodynamic equilibrium alloy of chromium
and nitrogen is formed, a method characterised in that the
nitrogen partial pressure in the rare gas is set to a value
between a predeterminéd ninimum pressure at which the single-
phase alloy is saturated with included nitrogen and a
predetermined maximum pressure at which hexagonal chromium
nitride Cr,N begins to form, the alloy then containing, per 100
atoms, from 87 to 68 atoms of chromium and from 13 to 32 atoms



deposit of a non thernodynanic equilibriumalloy of chrom um and nitrogen
~is formed, a nethod characterised in that the nitrogen partial pressure in
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b;agl ns°$on3r{]ﬁfagehhangl hayinhetwoophasespga pabitOdisrerrystadiigreto 68
atons of chrom u [0 a ¢ 10 Qe A3 vi ng two
phases?h5°?,‘bm“cpﬁ:a%r208¥1§/is? a?;?ila?ligac%rc o%ﬁ%‘?ﬁmﬁ'ﬁgsgq}rﬁ;a:r uqdrﬁ?iﬁ cﬂghér o?ri um

ni tri deiphaegenwcontenti whighn isostedchipmetricaddy; dafdd@Mtcal |y deficient

el ati ¥gy40:4acLBeXALORRKaGRIAT WRrbiiikiiitiiqe. | be understood that the
rmatT on of netastabl e al l"oys which correspond to relative internal

crystallisation energy mnina separated fromthe absolute m ni num
correspenging be uhdekrstosadthat ¢hed fiormaticn af metastabde\abboysers

t hat cannot be crosse t th enper.atur u | JIR] 4l 5 ff1 ol ent

of QepBQFFPQﬁ°F5FSP98ga%Fbﬁ&gﬁéﬁg% &P&§F§%%?ﬁ?ﬁﬁ%?iﬁ%%ﬁé%é?ﬂ%ﬁ%ﬁﬁiﬁxégt?n
t he:c r fitposat separatidyfram dhe Hesqlubeamindon daprespanding kP n t hese
confi gy at I [ % 18 ' fruﬁgﬁ, b0l ' d
nitrog ea#’%%sh\%ﬁggl%&g%%%él su dénfr%g'?'egyan téhe e,ne%?yﬁﬁtra%/]if?lgif%?hmeg;n o
at ons. cahpotake gressed Wl ithehSemparatayras UgRf (IPRYRS i®&e the operator

can ack,eph%ikRtovaitd b Wpvditiich FRIROYHd rRdigutiints ofaaedys tiw t ot al
pressure of the atnpsphere in the anber, the nitroge artial pressure
the pothst FEYSHAds & b ftlﬁigddi%b%g‘reg‘ﬁ q%silrﬁle‘?%i%}’n%fg‘f%%@]d?@tharge ,
e_md_, ~to sonme degree, the paths of the ions. However, these paraneters are
bast | Al pRISEIS Qi dhd W P YUt Ui WA AR AR RRE 8£6S O
apparently the respective fluxes of ionised chromium and
nitrogen atoms which reach the substrate and the energy levels
of these atoms. The laws are not well known, however, and in
practice the operator can act only through the measurable
depoéition parameters, namely the total pressure of the
atmosphere in the chamber, the nitrogen partial pressure, the
potential drop across the discharge, the intensity of the
discharge and, to some degree, the paths of the ions. '
However, these parameters are partially interdependent in the

discharge area and the operator acts on giobal parameters.

In particular, the pressure adjustment brocess is essentially
dynamic and result from the injection, at a controlled flow
rate, of the gases into the chamber connected permanently to a
pumping system. It will be understood that the pressure
distribution cannot be uniform in the chamber. What is more,
the various elements (target and substrate supports) in the
discharge area and the presence of the discharge cause local
pressure disturbances.

Consequently, the minimum and maximum pressures to either side
of the deposition range according to the invention must be
determined experimentally and will be valid only with a given



“In particular, the pressure adjustnent process is essentially dynam c and
result fromthe injection, at a controlled flowrate, of the gases into the
chanber connected permanently to a punping system It will be understood
ihat the pressure distribution cannot Be uniformin the chanber. What is
nore, the various elenents (target and substrate supports) in the discharge
ar ea andptuttepiagecbanbert haddigivien gepomitd drocaindirtdsamns.e di st ur bances.
Consequently, the m nimum and maxi mum pressures to either side of the
deposition range according to the invention nust be determ ned
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and operatln condi tiqQns he rarefgas pressure is preferably between 0.1

and O. SCPXsaﬁ&IPH€aRPﬂFb§€ﬁlﬁ ﬁ%?ﬁnqgﬁﬂ Q/Q%nween 0.01 and
0.1 Pa. gékersiinehahee mivMium andr ai‘ae:rﬂdﬁw ritinepih it XU res [err]

of cath de ea he chrom ﬁ The referr % ep05|t|on rates are
betmeen Fad®1® ﬁﬁﬁ?u 8%¢ 6 #agﬁfrg %ﬁ ‘ages of the
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by~ The rare gas pressure is preferably between 0.1 and 0.5 Pa and
the nitrogen partial pressure is preferably between 0.01 and
. 0.1 Pa.

The discharge power is preferably between 250 and 1200 W per dm?
of cathode area (the chromium target).

The preferred deposition rates are between 1 and 10 nm/s.

Secondary characteristics and advantages of the invention will
moreover emerge from the following description, accompanied by
examples.

N
Example 1: Determination of operating range

Direct-current magnetron cathodic sputtering vacuum
metallisation equipment is used, with a metal vapour source
and a 30 litre (0.03 m’) chamber.

In the source a target cathode of 99.9% pure chromium with a
surface area of 2 dm? is used. The atmosphere in the chamber
consisted of a mixture of argon and nitrogen at a total
pressure of 0.24 Pa,.



exanpl es. Exanple 1: Determ nation of operating range Direct-current
" magnetron cathodic sputtering vacuum netal i sation equi pnent is used, with
a netal vapour source and a 30 litre (0.03 [err]) chanber. In the source a
{arget cathode of 99.9% pure chromumswith a surface area of 2 [err] is
used. The atnosphere in the chanmber consisted of a m xture of argon and
ni t r ogParall lelepigedale sheed clukstaties are isendaldispgsebdat &tonl
substr | SHRP c é?Eh onnected to
earth. %%%z“ %g}%ho%ég%&%char g?ﬁﬁe‘%e\ﬁangc{sg&i%ﬁwg%{%v%r e s‘-fcjbst rate
t enper digchayge POWIX was &gt % rI800NRh t hese conditions a coating 11
{err] thick was obtained in one hour, representing a deposition rate of 3

nfm's. A series of substrates were coated with the nitrogen partial pressure
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the coating was anal ysed by X-ray diffraction. For the substrate coated at
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pressures fromO0.04 to 0.08 Pa, the diagramrepresented a two-phase all oy
wth a cubic phase simlar to the alloy forned at 0.03 Pa, with
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the su ate coated at, 0. 09 Pa thet.di agram re eseé1tbe§i )?—ray

Pa. After deposition theé coating ‘was analyse

diffraction.

For the substrate coated at 0.03 Pa the diffraction diagram

represented a cubic single-phase alloy with relatively high

distortion of the lattice. This is a typical diagram for the
" alloy according to EP-A-0 074 322.

For the substrates coated at pressures from 0.04 to 0.08 Pa,
the diagram represented a two-phase alloy with a cubic phase
similar to the alloy formed at 0.03 Pa, with a broadening of
the lines typical of fine crystallisation. " The other phase
had a quadratic structure with lattice parameters between 1.1
and 1.3.

For the substrate coated at 0.09 Pa, the diagram represénted a
two-phase alloy with a cubic phase corresponding chromium and
a hexagonal phase corresponding to the known CrN nitride.

on the basis of these results it can be calculated that the
minimum and maximum nitrogen partial pressures above and below
the formation of a two-phase alloy with a chromium phase and a
quadratic nitride phase were respectively 0.035 and 0.085 Pa.
Chemical analysis of the coatings obtained with nitrogen
partial pressures of 0.03, 0.04, 0.08 and 0.09 Pa show,
allowing for the measurement accuracy possible, that the



_t-wo- phase alloy with a cubic phase correspondi ng chrom um and a hexagonal
phase corresponding to the knowmn CrN nitride. On the basis of these results
It can be calculated that the m nimum and maxi mum nitrogen partia
pressures above and below the formati ®n of a two-phase alloy with a
chrom um phase and a quadratic nitride phase were respectively 0.035 and
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the pr ESERE & a%b PrERSHY e *‘operating conditions are as in Exanpl e
1, with an argon partlal pressure of 0.2 Pa and a nitrogen partial pressure
of 0.0 dp1EN® anal ysed coating contains 15 at %nitrogen. The structure

s two- th a chromium phase with .a highly accentuated ,
nicrocrystalllne character and a quadratlc nitride with (absolute) lattice
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The analysed coating contains 15 at % nitrogen.

AN

The structure is two-phase, with a chromium phase with .a
highly accentuated microcrystalline character and a quadratic
nitride with (absolute) lattice parameters as follows:

a = 285.7 pm
c = 330.6 pm

“ratio 1.157

The measured Knoop hardness is 2100.

Example 3

The same equipment is used as for Examples 1 and 2, with the
operating conditions slightly modified.

Argon partial pressure 0.3 Pa
Nitrogen partial pressure 0.06 Pa
Cathode discharge power 2200 W
Substrate temperature 350°cC
Substrate bias =100 V

relative to
earth
Source/substrate distance 5 cm



Nitrogen partial pressure 0. 06 Pa Cat hode di scharge

- power 2200 W Substrate tenperature
[err] Substrate bias -100 Vrelative to
earth Source/substrate di stance 10 5cm 10 Duration

1 hour Analysis of the coating obtained gives: Conposition: 20 at %

nitrogen Twohyakeisborst ructlurizowrth a mcrocrystalline chroniun1phase and a

quadratic nitride phase with lattice paraneters as follows: a = 280.7 pmc
350.4 pmratio 1.25 Knoop hardness: 2300 Exanple 4 A 1 [err] vacuum

met al | iAnalysie ofiihe  @oa atitpg optatwedigivesis [err] cathode. The
sputtering conditions were as follows: Argon partial pressure
25 Pa Nitrogen partial gres 0. 06 Pa Cat hode

di schar ge pde@position: nltro%ﬁ%o W Substrate tenperature

[err] The substrates are nDunted on a turntable biased at -100 V rel ative

L0 " in RRIA rpusrdel U By R Lk Sefrat AF TR LApSmLucaBATRAR L] O

UPeC W EHY &M crocr ron1un1phase
and a quadratic nitride phase with lattice parameters as follows:

a = 280.7 pnm

c = 350.4 pm
ratio 1.25
Knoop hardness: 2300
\\/ :
Example 4
A 1 m® vacuum metallisation chamber is used, fitted with a 14
dm? cathode. '
The sputtering conditions were as foligws:
Argon partial pressure , 0.25 Pa
Nitrogen partial pressure - 0.06 Pa
Cathode discharge power ' 6000 W
Substrate temperature 220°C
S

The substrates are mounted on a turntable biased at -100 V
relative to earth.

Duration 3 hours

Analysis of the coatings gives:
Composition: 30 at % nitrogen

Two-phase structure with a microcrystalline chromium phase and
a quadratic nitride phase with lattice parameters as follows:
a = 286.5 pm



a quadratic nitride phase with lattice paraneters as follows: a = 286.5 pm
‘ ¢ = 321.7 pm Knoop hardness: 1800 Shiny appearance (indicating fine grains)
Exanple 5 These tests were applied to 10 [err] thick coatings on a
paral’l el epi pedal steel sanple. The medfler rubbing on it was a hi gh-speed
steel ring, rubbing occurring in water at a sliding speed of 0.55 m's and
with a | oad ®f= Z2HalN.PiThe contact between the rubbing parts was of the

pl ane/ cyli nggiody Reardiessoeidogi ent of frlctlon and the wear rate were
determ ned. Thyee coatings were tested A coatlﬁghof t he type

cor r espondi riPIRY BRRRAEABCE Bsnl(j%??lﬁ?-%gp ine gRR&AFIM nitrogen all oy
goating containing 2% by weight of nitrogen, ie 7 at % in the formof a
supersaturated solid solution, with a centred cubic structure (chrom um.
C) A two-phase chromumnitrogen alloy with a chrom um phase and a

hexagorEsan® XN Fhromium nitri de phase. The results were as follows: Table
Wear rate Coefficient of friction A 0.83 nm's
0.32 B 4 nn' s . 0.27 C 0.83 nnis
0. 36 | tThess tewks Wrre apRtiediterl@nemhphickf capskeast an Besting, = 12

parallelepipedal steel sample. The member rubbing on it was a
high-speed steel ring, rubbing'occurring in water at a sliding
speed of 0.55 m/s and with a load of 20 daN. The contact
between the rubbing parts was of the plane/cylinder type. The
coefficient of friction and the wear rate were determined.

Three coatings were tested.

A) A coating of the type corresponding to Example 2.

B) A single-phase chromium-nitrogen alloy coating containing
2% by weight of nitrogen, ie 7 at %, in the form of a
supersaturated solid solution, with a centred cubic structure

(chromium) .

C) A two-phase chromium-nitrogen alloy with a chromium phase
and a hexagonal Cr,N chromium nitride phase.

The results were as follows:

Table’
Wear rate Coefficient of friction
A 0.83 nn/s 0.32
B 4 nm/s 0.27
c 0.83 nm/s 0.36

It should be noted that, after one hour of uneventful testing,



s

.coati.ng A had a polished appearance w thout defects in the friction area.
" The test on coating B had to be interrupted before the friction had worn
-Yhrough the coating, which would have occurred in approximately 40 m nutes.
Jhe test on coating C had to be interizipted after 20 m nutes, as |ocalised
bi ndi ng had occurred. Profile neasurenents and exam nation of the friction
area Wicldatd riec & hady ae|pedt irshrediappesopes oikhbut defects inctheat i ng

whi ch . he attrjhuted to its fragile nature. Mdreover, the fragility of

t he ty?ﬁfq"llé’%eras}]e\%ds i ndicated by a qualitative, so-called scratch test
whi ch i nvol ves scraping the surface under test with a dianond i ndenter on

which the '&354-1 ich I BRI Haa it NSaSHft ¥ hpBas Usé f@ré henkevel of noi se
em ssions resulting fromthe scraping. Wth a t#%hA COﬂéi n% t here was no
eni ssi rigtian had,woyn throughe dths oty ¥ gfet %% ng, attacked

the sulpdduirad \id apggieostineecdl e ord inmigauteas. t he ot her hand, the indenter
caused scaling which produced noi se em ssions. The Applicant has carried
out -many tests which cannot be reported in detail here. These tests were
concer M itestardn cdatring t¢ el croribe ripterrupted safter 20 MByRRESPRA whi ch

the qu t | 314 ’f@ﬂ’ p}gﬁr@é\;} er rpRes hbhegesn
concgn%%ﬁéﬁl%éa%%gﬁ rorﬁll_ a:[%/oj uslséaé?_t?r sat%?g?%ﬁef)ihtéﬁegi n?grst itial
sol i d sotaminatiom f rRAETictiMD AT BHP (RAACHRYLAT 822GETMof ni trogen
only t B Kb RS ADSARIRG 2t Yied abbLt hey agioieh KagNbai tride was

formed. This suggests, that the quadratic nitride may be stable only if it
is ass&ﬁ%ﬁ’éﬂ‘%‘?t‘?:%hﬁ'tiﬁriéﬁﬁg#%%t%a #%%° showed that the quadratic nitride

| attice paranmeter ratio a/c cannot be less than 1.05 or greater than 1.5.
~ Moreover, the fragility of the type C layers was indicated by
a qualitative, so-called scratch test which involves scraping
the surface under test with a diamond indenter on which the
load is progressively increased and measuring the level of
noise emissions resulting from the scraping. With a type A
coating there was no emission of noise until the indenter,
passing through the coating, attacked the substrate. With the
type C coatings, on the other hand, the indenter caused

scaling which produced noise emissions.

The Applicant has carried out many tests which cannot be
reported in detail here. These tests were concerned in
particular with determining the bounds of the domain in which
the quadratic nitride can appear and determined that the
nitrogen concentrations ranged from 13 at% just after
saturation of the interstitial solid solution of nitrogen in
chromium, and that beyond 32 at % of nitrogen only the known
and thermodynamically stable hexagonal Cr,N nitride was formed.
This suggests that the quadratic nitride may be stable only if
it is associated with chromium. '

Tests also showed that the quadratic nitride lattice parameter
ratio a/c cannot be less than 1.05 or greater than 1.5.



.13 At ‘the sanme tinme the tests were concerned with the deposition
conditions. Thus it was found that the rates of deposition, neasured in
terms of the rate of increase of thickness, ranged between 1 and 10 nnis.
Nth:these rates of deposition t he apdopriate discharge powers |ie between
250 and 1200 watts/ errL of cathode (or target). The nost suitable
pressurkt Ehe samqctime. thenlests wereoroprerngiaWithedber depasifdaneen

0.01 ar@on@lﬁlaastorrrhhg ftt waeemoaaat tahtptassratesl 6fpa@E)HsCiQndipatl ngs
| ess than O (r] ; I.n_addjtion,

th g g % gear out v r?‘i&'ﬁu
t heir d%ﬁ??“ﬁ? 1ﬂa§eﬁﬂssﬁ p BF th saBStrace P St BPIRRS shed.
&t he beheeehamdand030|ng$snnre than 50 [err] thick would generally be
nore than adequate to resist friction, but the tinme needed to obtain them
woul d be excessively long. Such coatings are also likely to nodify
seri ousWithhthegegrakesdPfedspord tapnt %bes abpreprdate; disghaxgesf ore be

assu”ed;iwéfstbfetﬁéeisESﬁSQSowahh &ﬁeauaa&&/aﬁzb@fve&&édén?oﬁo pm 14
CLAI M5 atlngeon a substrate for conferring ng@y tribol ogi cal

proper t¥a598R) i t , ThenBPsti fYispbienpresFUrasIpREPEtIEEN Obdi @R%IA-§) of

chrom umaf\dr ntheofetalcpreasieel and batibah bhelahhay 0GANtPAl For Re 100
at ons, 7. to 6€§?ioms of chromumand from 13 to 32 atons of nitrogen,

m 8
and in ?h§¥°??n08ﬁ§ BFeP®B fhases, a cubic nicrocrystalline chronium
phase containing included nitrogen and a quadratic chromumnitri de phase

;"‘hgh[ Zrﬂ}: é??é‘E%SQ”t 6BLe1ALEN1L8sSERLANLOTELE ealibk 48k §iGHhd fptive to
wear out very quickly; in addition, their continuity may be :
~ suspect if the substrate is not perfectly polished. On the
. other hand, coatings more than 50 pm thick would generally be
more than adequate to resist friction, but the time needed to
obtain them would be excessively long. Such coatings are also
likely to modify seriously the original dimensions of the

substrate.

It may therefore be assumed that the thicknesses will
frequently be between 5 and 20 um.

%



.2. Coating according to Caim1l, characterised in that the ratio of the
guadratic nitride lattice paraneters is between 1.02 and 1.5. 3. Coating
according to Clainms 1 and 2, characterised in that its thickness is between
0.1 and' 50 [err]. 4. Coating according to Caim3, characterised in that
its thickness is between 5 and 20 pm 5. Method of coating an electrically
conductive substrate, intended to confer good tribol ogical properties on
this substrate, according to whichcghrgd umis sputtered in a reactive

at nosphere of nitrogen in a rare gas confined at | ow pressure in a chanber
equi pped with so-call ed nmagnetron sputtering equi pment with, in conbination

WiLLh a3 regoeeaténi 6hda aabe’teatél €oti @bﬂféﬁi‘iﬂbl gbed Ieehwq&gtlhﬁlanode
substrate and,a _cat oge chrom n1tar and gﬁneratlng a _pl asma under

oper at PRgPeEhiesi SRsiEacFOPRAS énGeBgs?tnBP REMOAKBAMEGy nani ¢ equi | i bri um
al | oy a@uthibn1um1ammoy|bfoghnomsumoanddnitragehodchhaa&tbcusedd1mn t hat

the ”'éﬁQ@n{haQaéii% BofEathE, g?i' WEobCagollds. o3 Eekﬁ 2o? sﬁah‘é%m%eto Feen a

pr edet €r m m pressur e §ing ase alloy I's saturated
wi th i garomdumnandofeamahd hopdedatemai ﬁﬁdnltrggenaxandnnprwgarétat whi ch

hexagoaéhsfelegnbfnt%t f:hQQle 2} EﬁBhBSmEErBBES}htEEhﬂH eXrbdamcont ai ni ng,
per 100 atons, fr 28 at.onsg chrom_um and from 13 . to 32 atons of

n|troggha%ﬁdcﬂagFﬁBlPﬂolﬁﬁ uded alsﬁﬁgﬁnn?EFoErQEFQFPtﬁE EhrOMIM phase and
a quadmﬁtrﬁdehpnasanwmthr adaipbegenwcohtenti wmgnnlsontent which is

Vet hor SREEPLBREHY B8 47, ARk BBk YEIPELRTROTKR B RS Neer and
under gi ven operating conditions, in

2. Coating according to Claim 1, characterised in that the

ratio of the quadratic nitride lattice parameters is between

1.02 and 1.5.

3. Coating'according to Claims 1 and 2, characterised in that
-its thickness is between 0.1 and 50 um.

4. Coating according to Claim 3, characterised in that its
thickness is between 5 and 20 um.

5. Method of coating an electrically conductive substrate,
intended to confer good tribological properties on this

\_/ substrate, according to which chromium is sputtered in a
reactive atmosphere of nitrogen in a rare gas confined at low
pressure in a chamber equipped with so-called magnetron
sputtering equipment with, in combination with a magnetic
field, an electric field established between the anode
substrate and a cathode chromium target and generating a
plasma under operating conditions such that a deposit of a non
thermodynamic equilibrium alloy of chromium and nitrbgen is
formed, a method characterised in that the nitrogen partial
pressure in the rare gas is set to a value between a
predetermined minimum pressure at which the single-phase alloy
is saturated with included nitrogen and a predetermined

* ¢ L M s * )



particular the total pressure in the chanber and the plasna di scharge
power, such as to obtain an appropriate rate of deposition of the chrom um
onto the substrate, a nmultiplicity of depositions are executed onto a
munber of substrates with staggered nibrogen partial pressures, and a
crystallographlc anal ysis of the deposits obtained is carried out to

det er nimaximn Bressi et ekl duhexagenrh %F@mhﬂlmpné§§&¢esc¥'ﬂ? t he given

Chaﬂber SRS i), R 41069 tﬂen“@éﬂ@&'xﬁfﬁ& 84 moqlabﬁgf? %oﬁi aim
6, charac erlsed in thaf the rare %g E;essure s between 0.1 n
S

pascal $7arkP 14 My Rh FRYIPLm | 13 ke v nabons ﬁﬁdn6t¥°ﬁ3§cal s.
8, et hafh acoeinl Ngwd pRaSed) Sa ocukiei mi ﬁrociﬁpé'aalmnéedhramihﬂt haee
di Schar pomer‘*s bet ween 250 angd, 1 g V¥ % i of _cat hode, N? %
accor dﬁ%ﬁi D HAITA RS CRE PR NEFEFGR (RO MHD APt ’589?& goBFePkcr ease
in thevmapﬂs IS|st¢E¢hwmmeﬂermllﬁ deficient relative to the

hexagonal chromium nitride.

6. Method according to Claim 5, characterised in that, in a
given chamber and under given operating conditions, in
particular the total pressure in the chamber and the plasma
discharge power, such as to obtain an appropriate rate of
deposition of the chromium onto the substrate, a multiplicity
of depositions are executed onto a number of substrates with
staggered nitrogen partial pressures, and a crystallographic
analysis of the deposits obtained is carried out to determine
the minimum and maximum nitrogen partial pressures for the
given chamber and operating conditions.

7. Method according to Claim 5 or Claim 6, characterised in
that the rare gas pressure is between 0.1 and 0.5 pascals and
the nitrogen partial pressure is between 0.01 and 0.1 pascals.

8. Method according to Claim 5 or Claim 6, characterised in
that the discharge power is between 250 and 1200 W/dm? of
\_/  cathode.

9. Method'according to Claim 5 or Claim 6, characterised in
that the rate of increase in the deposit is between 1 and 10
nm/s.

* c L M S *



