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Experiment research on the double-layer diamond-like carbon film

prepared by double laser beams

Lu Yimin, Huang Guojun, Guo Yanlong, Cheng Yong, Wei Shangfang
(Opto-Electronics Institute in Army Engineering University, Wuhan 430075, China)

Abstract: A femtosencond laser and a nanosecond laser were used to ablate the graphite target in the
oxygen atmosphere and high vacuum respectively, and two kinds of diamond-like carbon films were
prepared on the silicon substrates. Then their optical constants were estimated by fitting the infrared
transmissivity curves. Double-layer diamond-like carbon film with different thickness combinations on the
silicon samples were designed and prepared: the layer deposited by femtosencond laser in the oxygen
atmosphere was taken as the infrared anti-reflective layer because of its low refractive index and high
transmissivity; the layer deposited by nanosecond laser in the high vacuum was taken as the protective
layer based on its high hardness and corrosion resistance. The tests show that transmissivity of the
samples in the medium infrared band decreases by 0.5% ~3% and the surface hardness of the samples
increases by 7.2—24.7 GPa when the thickness of the protective layer increases. Results of the corrosion
resistance tests show that the protective layer has the well corrosion resistance, but it can not prevent the

alkaline liquor from soaking into the deeper depth to corrupt the lower anti-reflective layer if the
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thickness of the protective layer is very thin. The research result can offer the experiment basis for the

designs of double-layer or multi-layer films in the different fields.

Key words: double laser beams deposition;

nanohardness
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MSPLD) il £ 1~ 5 i Bl bk w0 0 B4 R (fon-beam-
assisted pulsed laser deposition , IAPLD) 3% i i F T
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P B4R 25 mm | J5E 1.96 mm 1 £, 48 44 3 4
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% — 2, i % B2 DLC 3% % (anti-reflective
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Fig.1 IR transmissivity and fitting of the samples with single-

layer film
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Tab.1 Optical constant and thickness of the single-

layer film
n k
d
ay a, b, b,
AR-DLC 1.84 0 0.0019 4.47 506.3
P-DLC 2.53 0.084 0.001 1 3.57 377.4
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Z R S B . 4.1 wm LLJS 09 3 55 SR O R BUGU S
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BEAH X, B SR AR-DLC BEAE H 20 4h 3~5 wm 3% Bt 4
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P19 2 A AR /N BB RO W B, R, A AT 8
i 3d #(67.6%) 1)y = T P-DLC JE A i (64.1%) .
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Fig.2 MIR transmissivity of the samples
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JIEJ2 v T e 4R B ) B RE G I T Bk sp3 B, DRI 7
ik DLC JEE iy R g 0 [ E, AL Bk 1 FLREEE . 2 P—
DLC )2 (% J5 £ 1R 1 (UL DLC-DLC-1 3 f5i] ) i} , 5t )2
2T LLFE B P-DLC 2 Y &5 B 1, {5 R S0 A
— &, TR 2R ¥ Y AR-DLC 2 L4 7 b2
SRS SCHE, P AR Bl 2R AR LT AR R B S R
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Fig.3 Nano-indentation curve

XoF 498 A A R 3 2 AT RE P 1 | e L R
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W& RE B FE TR B 10 nm DL b i B d 2 o Tk R 3 T
15 Y MR 25 B 52w, T 2200 10% 585 LT IR
P14 000 3% 250 B ) 2 oA T e R 6 I 3 2 SR Y s
FLU TR T A R R 3 AN 3R AT 1 OF- 3
fifi ¥ P B ¥y, £ %) AR-DLC .DL-DLC-1.DL—
DLC-2 .DL-DLC-3 I P=DLC 5 #f 5t 1 - 2 B Jif |
43k 24.1 .33.2 .37.2 .42.1 .48.5 GPa, B Ik #2585 .

W AT L, i Wi P-DLC )2 B AR 1E 1R 2 2R
JE R v RE A A H BB AN TR AR ik £ 5
BE 5, R, B P-DLC J2 B IE ik 5 6 i {5 3
(9 H s B —E R X i, DL-DLC-2
il DL-DLC -3 J& A & i B B2 7] 3k 3] 37.2 GPa,
42.1 GPa 1y = KV, Lo AR BE B0 iE AT IS (12 GPa £
)RR
2.3 FEE RS

VR B 7 ] PR — iR R A B R I B R R S R R
ZUA) A G SR R, R BN G A R L TR A I i
P 5 6 VEUT T PR BT, Ty AR R I ek M R TR
FH Y HE A BER %t 4% A9 DLC AR i UEAT 1 kG Al
R 15 P 00 4 [ R 3 (fK 4 GITB2485-95 (Ol 2 it

FHRLE D) B ok v 3 100 Tt e P 00 4, 45 2R i 5% 2
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= W
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Tab.2 Fastness and corrosion resistance tests of
the samples with DLC films

Test

contents
DL- DL- DL-

and AR-DLC DLC-2 DLC-3

DLC-1 P-DLC

require-
ments

Tape
retentivity Intactness Intactness Intactness Intactness Intactness
test

Heavy
e Intactness Intactness Intactness Intactness Intactness
friction test

NaOH
solution . Part of
. Corrosion . Intactness Intactness Intactness
corrosion corrosion

test

JEORG 15 HT 2em B8 R B 5 B AN /N T2.74 N/em
Ji s ACRS AR B Z el b, o R PR EEE K
5.1 9.8 N BYHR e Sk BRI )2 40 ¥k ; NaOH ¢
WY e BE 2y 50 mg/ml 2 I I ] 2y 48 h

AT 0 ER R A AR, BT R AR R
REE3E 3 ; A3, A4 Y J2 , P-DLC JIE (4 P9 I J)
FOSEAR K, Z i DGR ok 7 ok R A 4, R
PR B AR T 1 43 —F B0 9 Bk o R o % R, il O sp3
BSOS Y R R DRI P N ) R B A T R AT .

NaOH ¥ ¥ i3 10 i 50 25 SR Ui W] : AR-DLC JZ2 A i
TR 2 BV VR R o, — 2 R TR o S R TR
KGR, T SR A RO T
JR 2 318 5 N B A AE AL s LB, B g s AL
KTV W55 T2 ) S v BRI e T 2 A JE k. P
DLC 2 B A B HUIE itk , {EXF T DL-DLC-1 #f
W, BRI R R E P-DLC 2 £ Bl ik 7
Tl E R BE Y T AR A AR D AR, FLBR AR,
I T A R BE LR TS B A, DT A 45 5% S8 47 7 £L
B B9 T )22 AR-DLC 2458 s ol LB, W21 3%
T TR A , BhE Dl A AR AR 2 3G 22 o |y AT DL
() P=DLC JZ I~ B & 2 A 2 44 H -

3 5 i

$& T XL B0 28 4 W A7 [5G 52 5 i
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Sh T PR IR R BE AP, a8 AR B A
JO7 FH AR T 326 56 065 24 1 BB, R A5 R RE S KL
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S L BT = 92 %0l B B R A R A B RS2 4R
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