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Modulation of external magnetic field on ( E-MF) HiPIMS discharge,
deposition, and properties of vanadium films
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Abstract; The optimal external magnetic field parameters for stable discharge of a novel HiPIMS and obtaining
high-quality film were explored, and the modulation of the external magnetic field on the discharge and deposition
characteristics of electro-magnetic fields synergistically enhancing high power impulse magnetron sputtering ( ( E-
MF) HiPIMS) was studied. The effects of coil current of external magnetic field on the discharge of HiPIMS
vanadium target as well as the microstructure and properties of vanadium films were investigated. The discharge
behavior of HiPIMS was monitored, and the influences of external magnetic field on the phase structure, surface
morphology, cross-section morphology, friction and wear resistance, and corrosion resistance of vanadium films
were studied by XRD, SEM, AFM, friction and wear tester, and electrochemical corrosion method. Results show
that with the increase of the coil current, the substrate ion current increased gradually. When the coil current was
6 A, the maximum substrate ion current density reached 209.2 mA/cm’. The phase structure of vanadium film was
only V (111), but the intensity of its diffraction peak increased with the increase of coil current. The surface of
vanadium film exhibited typical round-pit shape. The surface roughness decreased first and then increased, and the
minimum was only 10 nm. At low coil current ( <4 A), the vanadium film showed a compact and fine crystal
growth structure. With the increase of coil current, the deposition rate of the film increased gradually. When the
coil current was 4 A, the friction coefficient of the vanadium film was the smallest, the wear resistance was the
best, and the vanadium film samples had the best corrosion resistance.
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Fig. 1 Schematic diagram of experiment device
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Tab.1 Parameters for vanadium film deposition process
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Fig.2  Substrate ion current waveforms of HiPIMS at different

coil currents
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Fig.3 XRD patterns of vanadium films at different coil currents
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Fig.4 SEM surface micrographs of vanadium films on Si (100)
substrates at different coil currents
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Fig.5 AFM surface micrographs of vanadium films at different coil currents
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Fig. 7 Cross-sectional SEM images of vanadium films at

different coil currents
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Fig. 8  Deposition rate of vanadium films at different coil
currents
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Fig.9  Indentation morphology of vanadium films at different

coil currents
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Fig. 10 Friction coefficient of vanadium films at different coil
currents
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Fig. 11 OM images of wear tracks of vanadium films samples at
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Fig. 12 Polarization curves of vanadium films at different coil

currents
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SEM corrosion morphologies of vanadium films at
different coil currents

3 % #®

FIH — W P [F) 3 5 HiPIMS 2 A i 2 il 4
TV B SN E %) T HIPIMS i HL e 582 45 4 Fl
PERERAT W& BIR S o ST 0 A 35
B 6 A W FEARE TR RN T 3 4%, V L m
LB ST ) TR I 30, VS TR 2 i 24 P
FL I ST/ N R3S K AR i 4 A I SR IRLAS
JE /I, A 10 nm; FEE R HLRALR( <4 A) S, i
T i PR R AR B TR ey, VOB S B B A
AR LR R B o TR TR 3 B 4 Pl Ut P 14
PITIREIN HERB Rl 4 A B,V BRARE 5 i 2 42
FBR N i VRS AT, RIS VOB S B AT e
i b

P

[1]BOBZIN K, BROGELMANN T, KALSCHEUER C, et al. High-rate
deposition of thick (Cr, Al) ON coatings by high speed physical
vapor deposition[ J]. Surface and Coatings Technology, 2017, 322
152. DOI: 10. 1016/]. surfcoat. 2017.05. 034

[2]ZHENG Chuanbo, CHEN Xi. ZrMoN films on 304 stainless steel as
bipolar plates for PEMFCs using physical-vapor-deposition ( PVD)
technology[ J]. Materiali in Tehnologije, 2017, 51(4) : 699. DOI;
10. 17222/mit. 2016. 316

[3]ZFM, MEd, WEE, % ARETETHIE HIPIMS jt
HURRIER AR ()], SRR, 2016, 45(8) : 103

LI Chunwei, TIAN Xiubo, GONG Chunzhi, et al. Evolution of

discharge characteristics of high power impulse magnetron sputtering

vanadium target under various argon pressures [ J ]. Surface

Technology, 2016, 45 (8). 103. DOI. 10. 16490/j. cnki. issn.
1001 -3660.2016.08.018
[4]NEVES D V F, DA SILVA SOBRINHO A S, MASSI M, et al.
Growth and surface characterization of FeAlCr thin films deposited by
magnetron sputtering for biomedical applications [ J ]. Thin Solid
Films, 2016, 608 71. DOI: 10.1016/j. tsf. 2016.04. 014
[5]KELLY P J, ARNELL R D. Magnetron sputtering; a review of recent
developments and applications[ J]. Vacuum, 2000, 56 (3) . 159.
DOI: 10.1016/50042 -207X(99)00189 - X
[6] BARSHILIA H C, PRAKASH M S, JAIN A, et al. Structure,
hardness and thermal stability of TiAIN and nanolayered TiAIN/CrN
multilayer films[ J]. Vacuum, 2005, 77(2) : 169. DOI; 10.1016/
j- vacuum. 2004. 08. 020
[7]KAVITHA A, KANNAN R, GUNASEKHAR K R, et al. Effect of
nitrogen content on physical and chemical properties of TiN thin films
prepared by DC magnetron sputtering with supported discharge[ J].
Journal of Electronic Materials, 2017, 46 (10): 5773. DOI. 10.
1007/s11664 - 017 —5608 —4
[8]DOLAI S, DAS S, HUSSAIN S, et al. Cuprous oxide (Cu,0) thin
films prepared by reactive d. c. sputtering technique[ J]. Vacuum,
2017, 141. 296. DOI. 10.1016/]. vacuum. 2017. 04. 033
[9]KOUZNETSOV V, MACAK K, SCHNEIDER J M, et al. A novel
pulsed magnetron sputter technique utilizing very high target power
densities[ J]. Surface and Coatings Technology, 1999, 122(2/3) .
290. DOI: 10.1016/50257 —8972(99)00292 -3
[10]SARAKINOS K, ALAMI J, KONSTANTINIDIS S. High power
pulsed magnetron sputtering: a review on scientific and engineering
state of the art[ J]. Surface and Coatings Technology, 2010, 204
(11): 1661. DOI. 10.1016/j. surfcoat. 2009. 11. 013
[11]JGUDMUNDSSON J T. The high power impulse magnetron
sputtering discharge as an ionized physical vapor deposition tool
[J]. Vacuum, 2010, 84(12): 1360. DOI; 10.1016/j. vacuum.
2009. 12. 022
[12]FETISOV I K, FILIPPOV A A, KHODACHENKO G V, et al.
Impulse irradiation plasma technology for film deposition [ J].
Vacuum, 1999, 53 (1/2): 133. DOI: 10. 1016/S0042 - 207X
(98)00408 -4
[13]REINHARD C, EHIASARIAN A P, HOVSEPIAN P E. CrN/NbN
superlattice structured coatings with enhanced corrosion resistance
achieved by high power impulse magnetron sputtering interface pre-
treatment[ J]. Thin Solid Films, 2007, 515(7/8): 3685. DOI:
10. 1016/j. tsf. 2006. 11. 014
[ 14 ]EHIASARIAN A P, WEN J G, PETROV 1. Interface microstructure
engineering by high power impulse magnetron sputtering for the
enhancement of adhesion[ J]. Journal of Applied Physics, 2007,
101(5) . 054301. DOI: 10.1063/1.2697052
[15]REED A N, LANGE M A, MURATORE C, et al. Pressure effects
on HiPIMS deposition of hafnium films[ J]. Surface and Coatings
Technology, 2012, 206 (18): 3795. DOI. 10. 1016/j. surfcoat.
2012.03.045
[16 ] SAMUELSSON M, LUNDIN D, JENSEN J, et al. On the film
density using high power impulse magnetron sputtering[ J]. Surface
and Coatings Technology, 2010, 205(2) . 591. DOI; 10. 1016/j.
surfcoat. 2010. 07. 041
[17] SCHMIDT S, HANNINEN T, WISSTING J, et al. SiN_ coatings
deposited by reactive high power impulse magnetron sputtering:
process parameters influencing the residual coating stress [ J .

Journal of Applied Physics, 2017, 121 171904. DOI: 10. 1063/



<152 - /S NS T A N - ¢

%53 &

1.4977812

[18 ]BISWAS B, PURANDARE Y, SUGUMARAN A, et al. Effect of
chamber pressure on defect generation and their influence on
corrosion and tribological properties of HIPIMS deposited CrN/NbN
coatings[ J ]. Surface and Coatings Technology, 2018, 336 84.
DOI: 10.1016/j. surfcoat. 2017. 08. 021

[ 19 JHAJIHOSEINI H, GUDMUNDSSON J T. Vanadium and vanadium
nitride thin films grownby high power impulse magnetron sputtering
[J]. Journal of Physics D: Applied Physics, 2017, 50 505302.
DOI: 10.1088/1361 — 6463/2a96{2

[20]BUGAEV S P, PODKOVYROV V G, OSKOMOV K V, et al. Ton-
assisted pulsed magnetron sputtering deposition of ta-C films [ J].
Thin Solid Films, 2001, 389(1/2): 16. DOI; 10.1016/S0040 —
6090(01)00844 —6

[21 JAGNARSSON B, MAGNUS F, TRYGGVASON T K, et al. Rutile
TiO, thin films grown by reactive high power impulse magnetron
sputtering[ J]. Thin Solid Films, 2013, 545. 445. DOI. 10.
1016/j. tsf.2013.07. 058

[22]CARRERI F C, SABELFELD A, GERDES H, et al. HiPIMS ITO
films from a rotating cylindrical cathode[ J]. Surface and Coatings
Technology, 2016, 290: 65. DOI: 10. 1016/j. surfcoat. 2015. 10.
069

[23]MISHRA A, KELLY P J, BRADLEY J W. The evolution of the
plasma potential in a HiPIMS discharge and its relationship to
deposition rate[ J]. Plasma Sources Science and Technology, 2010,
19(4) : 045014. DOI. 10.1088/0963 —0252/19/4/045014

[24] EMMERLICH J, MRAZ S, SNYDERS R, et al. The physical
reason for the apparently low deposition rate during high-power
pulsed magnetron sputtering[ J]. Vacuum, 2008, 82 (8). 867.
DOI: 10.1016/j. vacuum. 2007. 10. 011

[25]HOLTZER N, ANTONIN O, MINEA T, et al. Improving HiPIMS
deposition rates by hybrid RF/HiPIMS co-sputtering, and its
relevance for NbSi films [ J]. Surface and Coatings Technology,
2014, 250 32. DOI. 10.1016/]. surfcoat. 2014. 02. 007

[26 JOLEJNICEK J, HUBICKA Z, KMENT S, et al. Investigation of
reactive HiPIMS + MF sputtering of TiO, crystalline thin films[ J].
Surface and Coatings Technology, 2013, 232. 376. DOI. 10.
1016/j. surfcoat. 2013. 05. 038

[27 ] KONSTANTINIDIS S, DAUCHOT J P, GANCIU M, et al.
Transport of ionized metal atoms in high-power pulsed magnetron
discharges assisted by inductively coupled plasma [ J]. Applied
Physics Letters, 2006, 88: 021501. DOI: 10.1063/1.2162671

[28 ] STRANAK V, HERRENDORF A P, DRACHE S, et al. Highly
ionized physical vapor deposition plasma source working at very low
pressure| J |. Applied Physics Letters, 2012, 100 (14) ; 141604.
DOI: 10.1063/1.3699229

[29]STRANAK V, HERRENDORF A P, WULFF H, et al. Deposition
of rutile (TiO, ) with preferred orientation by assisted high power

impulse magnetron sputtering [ J ]. Surface and Coatings

Technology, 2013, 222 112. DOI; 10. 1016/j. surfcoat. 2013.
02.012

[30] ANDERS A. A review comparing cathodic arcs and high power
impulse magnetron sputtering (HiPIMS) [ J]. Surface and Coatings
Technology, 2014, 257 308. DOI: 10. 1016/j. surfcoat. 2014.
08.043

[31] LI Chunwei, TIAN Xiubo, GONG Chunzhi, et al. Synergistic
enhancement effect between external electric and magnetic fields
during high power impulse magnetron sputtering discharge [ J].
Vacuum, 2017, 143: 119. DOI: 10. 1016/j. vacuum. 2017. 06.
007

[32] LI Chunwei, TIAN Xiubo, GONG Chunzhi, et al. Electric and
magnetic fields synergistically enhancing high power impulse
magnetron sputtering deposition of vanadium coatings[ J]. Vacuum,
2017, 144: 83. DOI: 10.1016/j. vacuum. 2017.07. 032

[33]WU Zhongzhen, TIAN Xiubo, WANG Zeming, et al.
Microstructure and mechanical properties of CrN films fabricated by
high power pulsed magnetron discharge plasma immersion ion
implantation and deposition[ J]. Applied Surface Science, 2011,
258(1): 242. DOI: 10.1016/j. apsusc.2011. 08. 039

[34] LI Chunwei, TIAN Xiubo. Novel high power impulse magnetron
sputtering enhanced by an auxiliary electrical field[ J]. Review of
Scientific Instruments, 2016, 87(8) . 083507. DOI: 10. 1063/1.
4960671

[35]BOHLMARK J, OSTBYE M, LATTEMANN M, et al. Guiding the
deposition flux in an ionized magnetron discharge[ J]. Thin Solid
Films, 2006, 515(4/5) . 1928. DOI. 10. 1016/]. tsf. 2006. 07.
183

[36 ] TIAN Xiubo, MA Yinghe, HU Jian, et al. Microstructure and
mechanical properties of ( AITi) N,_, films by magnetic-field-
enhanced high power impulse magnetron sputtering[ J]. Journal of
Vacuum Science & Technology A, 2017, 35(2) . 021402. DOI.
10.1116/1.4971202

[37]WU Zhongzhen, TIAN Xiubo, GONG Chunzhi, et al. Micrograph
and structure of CrN films prepared by plasma immersion ion
implantation and deposition using HPPMS plasma source [ J].
Surface and Coatings Technology, 2013, 229. 210. DOI. 10.
1016/j. surfcoat. 2012.04. 012

[38 ] ERKENS G, CREMER R, HAMOUDI T, et al. Properties and
performance of high aluminum containing (Ti,Al)N based
supernitride coatings in innovative cutting applications[ J]. Surface
and Coatings Technology, 2004, 177 -178; 727. DOI: 10. 1016/
j. surfeoat. 2003. 08. 013

[39 ] ERKENS G. New approaches to plasma enhanced sputtering of
advanced hard coatings [ J ]. Surface and Coatings Technology,
2007, 201 (9/10/11 ). 4806. DOI. 10. 1016/j. surfcoat. 2006.
07.022

(4iE

EEES



