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Properties of Cr-N Films Prepared by the Arc-induced Ion Plating
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ABSTRACT

Cr-N films were deposited on low-carbon steel sheets by the reactive arc-induced ion plating (AIIP). The
influence of the deposition conditions (nitrogen pressure and substrate bias voltage) on the crystal orientation,
morphology and microhardness of the Cr-N films has been investigated using x-ray diffractometer and scanning
electron microscope. The impurities and contaminations on the surface and at the interface, and the layer-by-layer
compositions of the film have been analyzed using scanning Auger multiprobe (SAM) and glow discharge
spectroscope (GDS). The mixed state of Cr and Cr,N turned out to have a fine fibrous structure. The Cr,N films
were deposited at a wide range of nitrogen flow rates. The orientations of Cr,N films were mainly (110) and (111),
and the intensity of the (111) peak increased as the substrate bias voltage increased. The microstructure of the
Cn,N film was dense and no columnar structure was observed. The films in the mixed state of Cr,N and CrN were
also dense without columnar structure. The maximum microhardness of the Cr-N films was 2400 kg/mm? at 10
gf load.
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Fig.1. Schematic diagram showing the principles of
AIIP.

W HeES ZUEAGqA BEd A7 AT
2 o)FsaA EFE o238 AlFlm, o dAde] 4
Aoz NEHE 49 cascadingol Yoty olol
2o AA7tE Aol dAFTt o WAL o] &3
1% AL Avtete o] EH ol HAFHE
Fol AIIP9 € e|t}h, o WP MN2E o437
225 YANNA o237t dojve FHe WU
o @3, Z%EFA AA L ofolRe] slE HAES
HAE7] W Ee mol23&(Tid A% 70%
e EE F Uz, ey de JiRAY 2 v
718 2oz B4 43 IFE At AL
g Acke A3l dow, ArtddE A3E F
A7) B FXY sMAE ¥E: £ o] AA o)
Eohe RAojth. Croly Als} Zo] o371 2 ¢
AuA e EAY ALEe UIYWEE F7 A
3ty B AAZ FFIAY, oo gIPMde
dro BAMNAMAE ol22)E =Y3IE §
o & 4% Cr o3& UPWEEZE AE3)
3 ol2IN2E E=YAEY & 50% A= He
Aoz vetyic

Cr-N dA%e A=/t 53 Urrd =28 $53
Aoz g3x U, 78 Cr-N Age $z
(hexagonal) 7%9| Cr,N# NaCl +%& 712
CrN9 % £%9 ZAFFZE 714AE& ¥, Cr,

Cr,N z2elm CrNe Aevle A2l £44
Cra&d S¥es iAo zA 238 F SUs
ol 4¥A gIthY B dAFdAMe 53 Axst ¥
Ao g ¥ Cr,N d%d F3HE T3, 47
E4% AIIP w422 Cr,N g%& AzxE #
v dA2N2 #%F R VBRI 2FE A8
. EF =80 3l J18AYgd ©E Cr,N ¥
2te] el WG E TR, A9 AIIP 3
zdg°] FHe Y, FFFE, WLEEE Fd
uA e 9%E FYEAAA.

9
i
=1

2, HETx R YUY

2.1, AR 740

Fig.2& & @7dA A&8 AIIP &A1 7=
o}, & #AHlE front-door typel & ZF%o]
27felm Z4ze] Furg uvlgdd oles AIL A
Adtgon, FEAL Ateld Tz o|&3HFIY 1
AHTE dadEE AXSch I ey 7]
e #4E + JdE jige W 30rpmoz AAY
F den, 71f JtEE 8 Jiw uE g €2
A WYZE A3l F3 600C 7HA G + %

77 ST
Fig.2. Schematic diagram of the AIIP system.
1) Chamber, 2) evaporation sources, 3) filament,
4) ionization electrodes, 5) substrate jigging device,
6) substrate heater, 7) shutter, 8) thickness monitor,
9) step motor, 10) vacuum gauge, 11)temperature
sensor, and 12) gas inlet line.
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l
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Turn on the evaporation power supply

Turn on the ionization-electrode power supply

Turn on the substrate-bias power supply

Increase the evaporation power
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Set the evaporation power :

3 ~ 5 k¥

Set the ionization current @ 12 ~ 15 A

Set the Ar-gas flow rate @ 20 ~ 30 SCCM

Set the Nz-gas flow rate : 20 ~ 60 SCCM

[
’ﬁpply the bias voltage

L

Open the shutter

Start the AIIP for Cr-N

Fig.3. Flow chart of the procedure for Cr-N AIIP.
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Table. 1. Deposition conditions for Cr-N AIIP.

Deposition Parameters Values

Background Pressure 1074~10-5 Torr

Substrate Preheating Temperatrue 300+30¢C
Substrate Bias Voltage 0~700V
Evaporation Power 3~5kW
Deposition Rate 0. 14m/min
Ionization Electrode Power 70V/12~15A
Filament Current 50~60A
Ar-Gas Flow Rate 20~30 SCCM
N,-Gas Flow Rate 20~60 SCCM

N, Partial Pressure 1~3%104 Torr

Source-to-Substrate Distance 15~20cm

Coating Thickness 3Um
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and evaporation rate for Cr. The source was
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Fig.6. XRD patterns of Cr-N films at various N, flow
rates when the ionization current is 12-15 A, the
substrate bias 300V and the preheating
temperature 300 T
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Fig.7. Surface and cross-sectional SEM morphologies of Cr-N films deposited at various N, flow rates.
(a) 20 SCCM, (b) 30 SCCM, (c) 40 SCCM, (d) 50 SCCM, and (&) 60 SCCM.
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Fig.8. Vicker's microhardness of Cr-N films deposited
at various N, flow rates when the ionization
current is 12-15 A, the substrate bias 300 V, and

the preheating temperature 300 C.
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Fig.9. XRD patterns of Cr,N films deposited at
various substrate bias voltages when the
ionization current is 12-15 A, the preheating
temperature 3007C, and the N, flow rate
50 SCCM.
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Fig.11. Surface and cross-sectional SEM morphologies of Cr-N films deposited at various substrate bias
voltages. The substrate bias voltage of (a) 0 V, (b) 100 V, (c) 300 V, (d) 500 V, and (¢) 700 V.
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Fig.12. Vicker's microhardness of Cr-N films deposited
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