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Synthesis and Characterization of Magnetron Sputtered CrN Coatings
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Abstract The CrN coatings were synthesized by high power pulsed magnetron sputtering ( HPPMS) on sub-
strates of silicon wafer high speed steel and glass. The impact of the deposition conditions particularly the pulsed
voltage on the microstructures and mechanical properties was evaluated. The CrN coatings were characterized with X-
ray diffraction scanning electron microscopy atomic force microscopy and conventional mechanical probes. The re—
sults show that the pulsed voltage strongly affects the deposition rate microstructures and mechanical properties. For
instance as the pulsed voltage increased from 500 to 750 V the key growth variables such as the target current ioni—
zation rate and ion energy gradually increased; and the coatings became increasingly smoother and more compact
with smaller grains and higher surface hardness and wear—esistance. Besides when it comes to growth of CrN coat—
ing HPPMS technique was found to outperform both magnetron sputtering and arc ion plating techniques.
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Fig. 1  Schematics of the HPPMS reactor
X ( XRD) »
15 min 2
15 min HPPMS
3.0 x .
107 Pa .
99. 99% Ar 1.33 Pa
350 V 30
min. Ar 50 mL/min( )
0.2 Pa 0 )
3A 200 ws 50 HZ Cr
700 V -100 V Cr
3 min. CrN Ar 50 mL/
min N, 20 mL/min HPPMS
500 600 700 750 V .
30 min. 3 CrN XRD
Hitachi 54800 N CN(111) CaN
( FESEM) : (200)  CrN(220) . 750 V
D8 Advance X
(XRD) ° 750 V .
MTS NANO G200 750 V

300 nm

1/




10 : HIPIMS CrN * 1037

120 A% °
100
g 80
5 60 13
5 o
40 XRD 750 V
20 i
0
0 200 400 600 800 1000
t/us
2
Fig.2  Current characteristics of Cr target at different pulsed :‘
voltages o ke
(a)s500Vv (b) 600 V
0 600 700 750 V CrN( 200)
500 V
CrN(111)
- H.C.Huang """ :
(c) 700 V (d) 750 V
) o
Cr 4 SEM
Fig. 4  Cross—sectional SEM images of the CrN coatings
grown at different pulse voltages
CrN( 111)
CrN
' 5 CrN AFM
CrN( 111) o

CrN(111) CiN(200)  CrN(220)

750 vV

intensity

30 40 50 60 70 80
20/(°)

3 XRD
Fig. 3 XRD patterns of the CrN coatings deposited at differ—

ent pulse voltages

4 SEM
CrN

5
500 V
750 Fig. 5 AFM images of the CrN films synthesized at different

() 700 V (d) 750 V

pulse voltages



1038 34
6
500 600 700 750 V
6.19 4.65 2.07 2.16 nm 0
7 300 35
. 30 — 30l ™ 500V A
6 [ RS L —~ 600V /
5 25 1 260 25F 700V %
g & 20 / 2405 g20p IOV :
£.4
~ e, oy 208 315
3 I5f 200 210
5 . 1 180 5 )
- . : 160 0
500 550 600 650 700 750 500 550 600 650 700 750 0 50 100 150 200 250 300
pulse voltage/V pulse voltage/V displacement/nm
6 CrN 7 CrN 8 CrN
Fig. 6 The impact of the pulsed voltage Fig. 7 Dependence of hardness and Fig. 8 The influence of the pulsed
on surface roughness of modulus of elasticity of the CrN voltage on loading/unloading
the CrN coatings coatings on pulsed voltages curves of CrN films
7 CrN Y. Leyland " H /E*
500 ~ 700 0
v 700 V 700 V. H/E?
750 V
. . 3
8 HPPMS CrN
500 V 600 V 700 V 750 V .
0 7
. 9 CrN H/E : CrN( 111) .
CrN(200) .CrN( 220)
0.10
0.09 .
-\. !
gy 008 / 750 V
X 0.07 ; HPPMS 18.5
0.06 GPa  CiN
0.05 ’
500 550 600 650 700 750
pulse voltage/V
1 Jeong G C Kim I H Kwun S 1. Influence of Process Pa—
9 CrN H/E

H’ | E*ratio of the CrN films deposited at different

pulsed voltages

Fig. 9

(1) :367 -370

rameters on the Adhesive Strength of CrN Coatings J .
Eco-Materials Processing and Design VII 2007 544 /545



10 : HIPIMS

CrN * 1039

Han Z H Tian ] W Lai Q X. Effect of N, Partial Pressure
on the Microstructure and Mechanical Properties of Magne—
tron Sputtered CrN Films ] . Surf Coat Technol 12003
162( 2/3) 1189 —193

Andre Anders. Surf Coat Technol J 1997 93:158 - 167
Conrad J R Radtke J L. Plasma Source londmplementation
Technique for Surface Modification of Materials J .J Appl
Phys 1987 62( 11) : 4591 -4596

Brown I G Godechot X Yu K M. Novel Metal Ion Surface
Modification Technique J . Appl Phys Lett 1991 58
(13) :1392 - 1394

Kouznetsov V. Maca K Schneider J] M et. al. A Novel
Pulsed Magnetron Sputter Technique Utilizing Very High
Target Power Densities J . Surf Coat Technol 1999 122:
290 -293

Andersson J Ehiasarian A P Anders A. Observation of
Ti** Tons in a High Power Impulse Magnetron Sputtering
Plasma J . Appl Phys Lett 2008 93: 071504

Helmersson U Lattemann M Alami J et al. High Power
Impulse Magnetron Sputtering Discharges and Thin Film
Growth: a Brief Review J . In: 48th Annual Technical

11

12

13

14

Conferenece Proceedings of the Society of Vacuum Coaters
Denver 2005:458 —464

Helmersson U Lattemann M Bohlmark J et al. lonized
Physical Vapor Deposition ( IPVD) : a Review of Technol-
ogy and Applications J . Thin Solid Films 2006 513( 1
-2):1-24

D . : 2010
Oh U C. Two Critical Thicknesses in the Preferred Orien—
tation of TiN Thin Film J . Materials Research Society
1998 13(5):1225-1229
Wei H L. Huang H C Woo C H. Copper Thin Film of Al-
ternating Texture J . Appl Phys Lett 2002 80 ( 24):
4265 - 4267
Wang Q M Kim K H. Effect of Negative Bias Voltage on
CrN Films J .J Vac Sci Technol. 2008 A26( 5)
Kim Y J Lee HY Byun T J. Microstructure Andmechan—
ical Properties of TiZrAIN Nanocomposite Thin Films by
CFUBMS ] . Thin Solid Films 2008 516( 11) : 3651 -
3655



