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Pre—research on the diamond-like carbon film prepared by

magnet—assistant pulsed laser deposition

Cheng Yong, Lu Yimin®, Huang Guojun, Mi Chaowei, Li Wei, Tian Fangtao , Wang Sai
(Opto—Electronics Institute, Army Engineering University, Wuhan 430075, China)

Abstract: The technology of magnet—assistant pulsed laser deposition was advanced. A magnetic field
whose magnetic lines pointed to the substrate was fixed around the silicon substrate when the diamond-—
like carbon(DLC) film was prepared by pulsed laser deposition(PLD), so that the ions those flied outside
of the substrate were drove to fly to the substrate potentially and participate in the course of filming. The
concentration of the ions increased based on the centralization of the ions, and the content of the non-—
electriferous granule reduced indirectly. Compared with the DLC film prepared without magnetic field, not
only the deposition velocity of the DLC film prepared under magnetic field increased sharply, but also the
mechanical hardness improved. Of the most importance, this research testified to the high efficiency of
the ionization by the laser to the target, offering the base of the feasibility to the combinability between
the technologies of the PLD and filtration by magnetic field.
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Fig.1 Sketch map of experiment set
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Fig.2 Magnetic distributing of the magnet
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Fig.4 Fitted thickness distributing of the M—DLC film
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Fig.5 L-P curves of the nano—indention for the DLC films

3t 15 5 A TR A B KON 2% 77 (4 mN) 24 2% 7 3k
EZ1Bay N i RSN R - 0 NI U =g 0 o =
Kl 5(a) AT 1, TCHE 3 25 18 F il £ 9 N-DLC JE e K
FE AR BE 29k 107.5 nm; i & 5(b) A1El 5(c) 27K 1Y
i3 4 1 F il % 1) M=DLC-1 Fl M—DLC-2 [ fit K
JEATREE 73 925 4 88.3 nm 1 89.7 nm , ¥ /N FHI#
B, % 3% 40 F ) 45 19 DLC R 1 5 T JC g 39 S5 1
1) DLC JE ; AR 48 2 % 580, ] L3t 58045 %) N-DLC |
M-DLC-1 fil M=DLC-2 & [ 44 K il i 53 3l K 29
47.3 .54.8 .51.6 GPa,

RS R N ERFHART  HEZME TS
D S NN U TR ERO I N R G Y B
DLC 5 i) %5 B A BT 3 K, DT 48 & 17 B )2 i A 2809t
SR MR LA 2 AR B T X — A [ I R Y B
KA B R6E )2 P8 38 Jm 35 1R 0 B 34 R, T2 i T sp3
RS, UL REIR TR)Z W, R TR
BE . M4k, M-DLC & il 6 B (i $g v, BA 5 — 4
EEZHZE, B M-DLC FJE K+ N-DLC S | A
W, A X T AR 0 S RS TR A .

3 & it

Bk O VOB AR 5l AREY , 4+ DLC B
il # T 245 B ik . i 5, th T RGN B T i 2 AR
ML 25 R RS 7 RO g, B2 T DLC iR I
PO R S5 T K i O 0 RR B R LU R T

b1E7002=4



bl ok TAR

% 11 4

www.irla.cn

% 48 %

2 o O BURE A e o A 58 R B S R B
TR TE B Z2 /Y sp3 i, HE— 2D P T HOG A
AE AL A A 2 5 i T AR )RR ] 1 RO X #E A
AR vk bk b O OB R 25 45 5 Dk 1
ARSEPE T A A7 PR A A

S Sk

[1]  Liu Lei, Wang Tao, Huang Jinglin, et al. Diamond-like carbon
thin films with high density and low internal stress deposited
by coupling DC/RF magnetron sputtering [J]. Diamond &
Related Materials, 2016, 70(1): 151-158.

[2]  Xue Qunji, Wang Liping. Thin Film Materials of Carbon—
base DLC[M]. Beijing: Science Press, 2012. (in Chinese)
BEREAE, 0. 28 WA e BRI AL ORL (M. b et B
AL, 2012,

[3] Cheng Yong. Technology of Diamond -like Carbon Film
Prepared by Pulsed Laser Deposition [M]. Beijing: Science
Press, 2017. (in Chinese)

T 55 K o OE DO G WA BEE R M. Jb st BR2 R
#, 2017,

[4] Cheng Yong, Lu Yimin, Guo Yanlong, et al. Development
of function films prepared by pulsed laser deposition
technology [J]. Laser & Optoelectronics Progress, 2015, 52
(12): 120003. (in Chinese)

P53, W45 80, SRAE e, A5 Bk b OGO R R Y BIF R
R[], #OB 506 M 72k, 2015, 52(12): 120003.
[5] de Julian Fernandez C, Vassent J L, Givord D. Thin film

deposition by magnetic field —assisted pulsed laser assembly
[J]. Applied Surface Science, 1999, 138—139: 150—-154.

[6] Hiroharu Kawasaki, Kazuya D, Satoshi Hiraishi, et al.
Effects of cross—magnetic field on thin film preparation by
pulsed Nd:YAG laser deposition[J]. Thin Solid Films, 2000,
374: 278-281.

(7] ECREEDY, SRBLZE, AR EE, S SR BE 5% B Bk BOG TR
4. i, ZL201410033519[P]. 2014-05-07.

[8] TR, FIG ST, B, S — R E A R R 0 kb
JEUURR B R 48 . D, ZL200610001808.7[P]. 2006-07-20.

[9] Lu Yimin, Huang Guojun, Guo Yanlong, et al. Improved
design and experiment for preparing uniform optical DLC
film by large area PLD [J]. Acta Armamentarii, 2017, 38
(3): 555-560. (in Chinese)

Wi 45 6, R, SFAE e, AL OB DU K B A 2K 4 F
A WA BE Tk B SR [T]. SR AR, 2017, 38(3): 555-
560.

[10] Wan Qiang, Lu Yimin, Mi Chaowei, et al. Research on anti—
reflective and protective diamond—like carbon film deposited
by 248 nm nanosecond laser [J]. Laser & Optoelectronics
Progress, 2015, 52(9): 093101. (in Chinese)

T35, KgAK AR, SE. 248nm AR EOETIRE £ NI A
BB T 2T (1], #otS Ot TR, 2015, 52
(9): 093101.

[11] Neeraj Dwivedi, Sushil Kumar, Hitendra K Malik. Strange
hardness characteristic of hydrogenated diamond —like carbon
thin film by plasma enhanced chemical vapor deposition

process[J]. Appl Phys Lett, 2013, 102: 011917.

PLET002=5



