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In the paper, the multilayer Cr-CrN-DLC coatinggdsited by MePIIID method on substrates made df bjgeed
steel HS 6-5-2 were studied. The streams of filterarbon and metal arc plasma were used in botlmptantation
and deposition phases. Investigation of the chdndoaposition of Cr-CrN-DLC coatings revealed calesable
amount of oxygen in deposited DLC film. Additioradloying of DLC films with chromium reduced the @amtration
of oxygen. The presence of oxygen affects the ptigseof DLC coatings, which was confirmed by thedstigation of
the hardness and adhesion.
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1. INTRODUCTION
Before the placement in the vacuum chamber the

Metal Plasma Immersion lon Implantation andsubstartes were ground and polished to the roughoies
Deposition (MePIIID) is a hybrid process, widelyedsfor Ra =0,06um and then washed and degreased in
simultaneous implantation and deposition of metadlnd trichloroethylene. The initial vacuum in the chambeas
ceramic films in reactive and non-reactive envirents at the level of 1x1® mbar. As source materials for
[1]. Most of papers on the MePIIID method repoe tise  deposition of Cr-CrN-DLC coatings a pure chromiu@n (
of curved magnetic filters for removing microdragle 99.999%) and a pure carbon (C 99,999%) cathodes wer
from metallic plasma flow used for implantation andised. Arc currents of 75A for chromium and 90A for
deposition of metallic components of coatings, andarbon were applied. The magnetic flux density gltre
methane or acetylene as a carbon carrying medialf@ T-shaped filter axis amounted to 16 mT, the eletéric
films deposition. filter was biased with the positive potential of\2.7

In this paper, the modification of hybrid MePIIID All experiments consisted of four stages of techgiuial
process is presented, which consists in the use pfocess:

combined techniques of filtering cathodic arc plasm |. substrate etching and heating by the bombardment
flows — carbon plasma flow by T-shape magnetiefilt with argon ions in arc enhanced glow discharge
and chromium plasma flow by electrostatic filter. (AEGD),

IIl.  ion implantation and deposition of chromium

2. EXPERIMENTAL TECHNIQUES sublayer from filtered vacuum arc plasma,
lll.  deposition of CrN coating from filtered chromium
The synthesis of Cr-CrN-DLC coatings was carried arc plasma in nitrogen atmosphere,

out using the modernized vacuum arc device devdlopdV. deposition of DLC coating from filtered carbon arc
especially for MePIlID technology. The coatings eer plasma in argon atmosphere.

e parameters of deposition of multilayer Cr-CrNeD
atings are shown in Table 1. The substrate teatyner
during the experiments was measured by the infared
pyrometer Raytek Termalert 4. The hardness of the
coatings was measured using nano-hardness tesiv CS
with a Berkovich pyramid. Quantitative analysis tbe
coatings composition was carried out using radio
frequency glow discharge optical emission spectteme
(RF GDOES) JY10000RF produced by the company
Jobin Yvon Horiba. Analysis of the sample surfaces
composition was also performed by the X-ray
Photoelectron Spectroscopy (XPS) using the speetiem
produced by the company Vacuum Systems Workshop
Ltd. (VSW) England. The surface morphology of the
] ' ) o ] coatings and their roughness parameters were dtudie
Flg. 1. The substrate immersed in the flows of chromium using an atomic force microscope (AFM) Q_Scope 250

plasma (fromthe left) and carbon plasma (fromtheright)  produced by the company Quesant Instrument
passing through the separators during Corporation.

the MePI1ID process

deposited on the substrates made from high spesd sty
HS 6-5-2 mounted in the zone where carbon ar@l(;'
chromium plasma flows mixed (Fig. 1).




Table 1. Parameters of deposition of multilayer Cr-CrN-DLC coatings

Stage of the = Gas, pressure Substrate BIAS Pulse durationPulse frequencySubstrate temp.Process time
process p [mbar] Ugias [kV] T [us] f [kHZz] T [°C] t [min]
(S'&Jgétlge;te etching 5,0§<r103 5 20 ) %0 15
and depostion | LOA0H 2 20 2 100 10
a gg\)locs(l)t?éw ’ 4,ol\>l<2103 2 20 2 115 20
géfogﬁi%tri,”g 1’2'?104 2/416 20 1/2/2,5 165-200 30

3. RESULTSAND DISCUSSION

The total thickness of Cr-CrN-DLC coatings obtained
was about 2,2m. Investigation of surface morphology of
Cr-CrN coatings showed that the electrostatic sdpar
does not remove completely droplet phase from the
plasma flow (Fig. 2).

Atomic concentration |%|

4
Sputtering depth [pun]
Fig. 4. Concentration profiles of Cr-CrN-DLC
coating components

In the investigated samples with Cr-CrN-DLC coasirey
high concentration of oxygen of 38 —45at. % was
observed on the surface of DLC film. The infiltrati of
oxygen during the experiment was excluded because
vacuum of 1x18 mbar was reached before each stage of

: i i i the process and high purity gases (99,9999%) wsed.u
substrate, spreading over its surface, stick am@ are | oca maximum of nitrogen concentration coinciding

immured by the deposited flux. , , with the maximum of oxygen concentration suggested
The surface morphology of the investigated DLGpai most likely, oxygen penetrated into the vacuum
coatings deposited using the T-shaped magnetier filt ., mber and the coating when the chamber was apen t
confirms high effectiveness of cleaning carbon mi@s he atmosphere, despite the fact that the substragee
from the microparticles in this system (Fig. 3). previously cooled to the temperature of°60and the
chamber was heated with warm water.
In order to prevent oxygen infiltration into theatimg
two additional stages of the process were included:
— pre-sputtering of the carbon cathode by arc digghar
— doping of deposited DLC coating with chromium.
Pre-sputtering of the cathode did not yielded $igant
results, but doping of DLC coating with Cr allowdte
oxygen concentration to be significantly reduceig.(B).

Fig. 2. The surface morphology of Cr-CrN coating
deposited with the use of the electrostatic separator

The presence of droplets on the substrate surfacess
that part of the droplets pass through a filterthe

Fig. 3. Surface morphology of DLC coatings deposited
with the use of the magnetic separator

The presence of a small number of defects on tifacau
shows that most of the carbon particulates renmaside
the filter and only the smallest microparticles qaass
due to the rebounding inside plasma guide [2]. g/sire
RF GDOES method the distribution of the concerdreti
of Cr-CrN-DLC coating components throughout the
coating thickness was determined (Fig. 4).
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Fig. 5. Cls peaks of XPS spectrum of DLC coating
doped with chromium
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The analysis of Cls peaks of XPS spectrum of DL@ fi
doped with Cr indicates predominant occurrence p3f s 5

and sp carbon bonds. Energy shift from 285eV to Zm
284 eV indicates the 3p~ spf phase transformation in =
the DLC film due to the temperature rise causedtby £ 15
bombardment with Cr ions. = 10
Increasing the substrate temperature to°20a@nd an §
increase in ion energy up to 6 keV decreases the ~ critical load L2
microhardness and _the Y_oung modulus, and thusniater critical load Lel
stresses [3], of the film (Fig. 6).
= 1 Substrate BIAS [kV]  °
iU 9 9 Fig. 7. Changesin the critical load of adhesion with
E 8 § ) ) substrate BIASfor Cr doped Cr-CrN-DLC coatings
_Ei N % 5 5 4. CONCLUSIONS
'é 2] E E The paper presents research on the properties of
S . Cr-CrN-DLC coatings. GDOES spectra showed the
2 4 i presence of oxygen impurity in the film, but dopiafy
a) Substrate BIAS [kV] DLC coatings with Cr reduced the oxygen amounivads
150 . also shown that the adhesion of the Cr-CrN-DLC icgat
n;.'. obtained by the MePIIID method, can be improvechwit
= _ 100 105 increasing substrate BIAS, and respectively, irkrn
g1 < N . stresses of the coatings will decrease, but theneas of
g = E g the films will also decrease.
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I®PEKT HEHPEJHAMEPEHHOI'O BHEAPEHU S KUCJIOPOJA B Cr-CrN-DL C IIOKPBITHSI,
OCA’XAEHHBIE METOJIOM MePII1D, C ©CITIOJIb30BAHUEM ®UJIbTPOBAHHOU
BAKYYMHO-AYTI'OBOM YIJEPOJHOW U METAJUIMYECKOM IJIA3MBI

5. Banbkosuu, fl. Bysk, B. 3aBanees

B pa6ote Obutn m3yuensr maorocioiinsie mokpeitus Cr-CrN-DLC, ocaxxnennsie metoqom MePIIID, Ha momioxkax
u3 OpicTpopexymed cramu HS  6-5-2. OTdunbTpoBaHHBIC TOTOKU YIJIEPOAHONH M METAJLUTMYCCKOW ILIa3Mbl
HCIIOJIb30BAJIMCh B HOHHON MMITIAHTAIIMH U OCAKICHUHN MOKPBITHIA. MccnenoBanne xumuaeckoro cocrtaa Cr-CrN-DLC
MMOKPBITHH, ITOKA3aJI0 3HAYUTEIBHOC KOJIMYSCTBO KHCIopoma B ocaxkmeHHbix DLC rmrenkax. JlomonHUTEIbHOE
nerupoBadue MmieHOK DLC XpoMoM COKpaTWio KOHIIEHTPAIMIO KUCIOpoaa. IIpHCYTCTBHE KHCIOPOAAa BIMSACT Ha
cBoiictBa mokpeITHii DLC, KOTOpBIC OBLIM ITOATBEPKACHBI UCCACIOBAHMUSAM HA TBEPAOCTh M aATC3HIO.

E®EKT HEHABMUCHOI'O IPOHMKHEHH KHCHIO ¥ Cr-CrN-DLC IOKPHUTTA,
OCA/KEHHI METOJAOM MePI11D, 3 BAKOPUCTAHHSIM ®1JIbTPOBAHOI
BAKYYMHO-1YTI'OBOI BYIJIEIIEBOI TA METAJIEBOI IIIA3MHA

4. Banskouy, f. Bysk, B. 3aBanees

B po6oti O6ynu BupueHi Oaratorraposi nokpurts Cr-CrN-DLC, ocamkenni metogom MePIIID, va minknaakax 3
mBuaKopizanbHoi crani HS 6-5-2.BiadinsrpoBani MoToKH BYIJIELEBOi Ta METAJICBOI IIa3MHU BUKOPHCTOBYBAINCH B
iOHHIM IMITIaHTAIil Ta ocakeHHI MmoKputTiB. JlocmimkenHs ximiunoro ckiagy Cr-CrN-DLC mokputriB, BHSBHIO
3HAaYHy KUIbKICTh KHCHIO B ocamkeHnx DLC miiBkax. JlomatkoBe jneryBanHs miiBok DLC xpomom 3MeHIImiIo
KOHIICHTPAIlI}0 KUCHIO. [IPHCYTHICTh KHCHIO BILIMBA€ Ha BIACTMBOCTI mokputrTiB DLC, ski Oyiam DOCTIiIKEeHI Ha
TBEPIICTh Ta aATre3ito.



