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Structure and Properties of Cr Films Deposited by High Power Impulse
Magnetron Sputtering on Inner Surface of Tube

WU Houpu TIAN Xiubo ZHENG Linlin GONG Chunzhi ZHANG Hui
(State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Due to the limitation of lumen space, the uniformity and quality of films deposited on inner surface of tube by physical
vapor deposition need to be studied and improved. Cr films are deposited by high power impulse magnetron sputtering on the inner
surface of 20 # carbon steel tube with diameter of 40 mm and length of 120 mm. And the microstructure and mechanical properties of
Cr films deposited at different positions in the tube are studied. The cross-sectional morphology and thickness changes of Cr films are
analyzed by SEM. The crystalline phase and the grain size of Cr films are analyzed by XRD. The friction factors of Cr films are
evaluated on ball-on-disc wear apparatus. The results show that, with the increase of the depth in the tube, the film thickness with the
distance of 15 mm (Position 1), 45 mm (Position 2), 75 mm (Position 3) and 105 mm (Position 4) from the tube orifice is 1 690 nm,
827 nm, 210 nm and 0 nm respectively. With the increase of the depth in the tube, from Position 1 to Position 3, the surface roughness
of the Cr films decreases from 12.6 nm to 4.8 nm, the grain size of the Cr films increases from 15 nm to 38nm, and the friction factor
of the Cr films increase from 0.68 to 0.89.
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Fig. 1 Schematic diagram of sample position in tube
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Table 1 Deposition parameters of the Cr films on inner surface of tube
Procedure Process Vaa! V I./A VoV F,/Hz Wi/ us L/ A V!V P /Pa T/ min
1 Ar plasma etching 0 5 0 0 0 0 -600 2.5 30
2 Cr plasma etching 0 4 -600 150 100 0.2 -600 0.6 10
3 Cr films deposition 60 4 -730 150 100 0.1 =35 0.6 60

Va @ Auxiliary anode voltage; /..: Electro-magnetic coils current; Vp: HiPIMS pulse voltage of target; F: HiPIMS pulse frequency of target; W;: HiPIMS pusle
width of target; ;;: Hybrid DC current; V,: Bias voltage of tube; P: Working pressure; 7' Processing time.

1.2 ZHFRMER HEEEENR

X:H FEI Helios NanoLab 600i 37 % 4% 49 4 /i,
TRAEE, WS Cr 5 48 1 O TE 30 . R i
F 1 B 5 (AFM, Bruker, AXS Dimension Icon)
X Cr R (1) 290 K RORE (R 3R TRE S AT R AR, 4
X A 2 pm x 2 um, K] D8 ADVANCE X 2k
FT A (XRD) /N 1 0 NS 0O A2 K A2 (100D
Si Jy LWy Cr di BT &5 49 70 M, JF AR5 Scherrer
ox s S AR P 2 ok RSP, Scherrer 24 5%
= (D Pros.

d=091/(Bcosb) (D

A, d ARG A X2, bk M
CuKa 512k, A4 0.15406 nm, B AfiTafig=F
0 T

KM M AR B A R 2 A 7 H
MS-T3001 3k-4i 2 Uie e PR I 40130 AL 304 ANE4AN
ORI Cr BRI BE B R M R EA T T, JBE
RN Zr0, Bk, Hidir by 20 g, LI 100 1/ min,
FFE) 24 30 min.

2 LRSI

Cr B 45 1%

] 2 O P RE IR TR Cr B8 HiPIMS Jil L HE
JRFNHE P . K 2 7 W, 7E HiPIMS kI
UHJE, MRV R I R 80 A, B 5
NS NI —F G, JEAENkoh g5 o i g
0 A RGBS WU 25 HE
HiPIMS JC A I 32 3 1 A 0 R
HAZ A ST Cr SR P 28 v 8 1) 55 88 1 1k
i ) g g pet Y,

iz By
AN

2.1

125
——Target voltage| - - - - Target current
=200+ Ll 100
ey
z 75 <
g:? -400F §
S 05
8 —600[ 3
£ x5
—800r- oAt et ) 0
—1 000 I I I I 1 L L =25
-150 -100 =50 0O 50 100 150 200 250
t/us
B2 P REREEDURY Cr it HIPIMS JiCH F H IR B

Fig. 2 Voltage and current waveforms of Cr target HIPIMS

discharge during film deposition on inner wall of tube
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Fig. 3 Cross-sectional SEM images of Cr films deposited at different position of the tube
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Fig. 5 Surface AFM images of Cr films deposited at different position of the tube
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