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ABSTRACT: Objective By studying the hydrophobic property, the work aimed to prove the structure and property differ-
ences between different hydrogenated DLC films prepared by the source electrode and the immersion PECVD method, and
demonstrate that hydrogenated DL C film prepared by immersion PECVD method is more suitable for the applications requiring
highly hydrophobic surface modification. M ethods PECVD chamber was filled with methane and hydrogen gas mixture, some
quartz substrates were mounted on the powered electrode to grow conventional hydrogenated DL C films; other quartz substrates
were mounted on an insulating sample holder that was facing the powered electrode to grow polymeric DLC films. PECVD
chamber was filled with acetylene, hydrogen, and tetrafluoromethane gas mixture, quartz substrates were mounted on an insu-
lating sample holder that was facing the powered electrode to grow fluorine-doped hydrogenated DL C films. UV-visible absorp-
tion spectra of DLC films were measured using a UV-visible spectrophotometer, SEM and AFM devices were used to analyze
the surface morphology of the obtained DLC films. Contact angles with water, glycerin, and glycol were measured and used to
calculate the surface free energy of the polymeric and conventional hydrogenated DL C films. The contact angles and the surface
free energies of the two types of hydrogenated DL C films were compared, and the possible cause was discussed according to the
microstructure of the polymeric DLC films. The contact angles of fluorine-doped and nondoped hydrogenated DL C films were
compared and the result was discussed. Results The polymeric DLC films had quite different contact angles and surface free
energies comparing to conventional hydrogenated DL C films with an identical optical gap. The polymeric DLC film had bigger
contact angle, smaller surface free energy, and therefore better hydrophobic properties. The maximum contact angles with water
for the polymeric and conventional hydrogenated DLC films were 91.2° and 79.2° respectively. Polymeric DLC film had a
higher hydrogenation rate for its sp® carbon atoms, and this could be the cause for its low surface free energy and good hydro-
phobic properties. The fluorine-doped DL C film had a lower contact angle than both the polymeric and conventional hydroge-
nated DLC films with an identical optical gap, this contradicted the reported phenomena of increased contact angles for fluo-
rine-doped DL C films. Conclusion Polymeric DL C film has better hydrophobic properties. Considering its other characteristics
such as lower internal stress, wider range of optical gaps, and higher deposition speed, polymeric DLC film is more applicablein
the field of medical and optical protection films. The fluorine-doped DLC film grown with the immersive PECVD method has

lower instead of higher hydrophobic properties, and further investigations are needed to el ucidate its cause.

KEY WORDS: diamond-like carbon; PECV D; hydrogenated; fluorine-doped; Tauc gap; contact angle; hydrophobicity

K4 NI E(DLC) & — R 55 A sp’ Fl sp? 4 i1
e SRR . B 2 R4 NI I M B —— 5
BB | TS . MREESE IR, BB | mEE R
s bR v, DR 12 RO AL . i T
e R B 2 25 AN 4R, £ 4 DLC i B 1 Y
Bk, ALK, B BivsRBRE  %
PERE, T ARG R AR FR L BT AL A
R 10 NI D (2 1 6 B = O 0 s
) A7 S P 5 3 T2 A vl 7 g 2 R S 488 2 ek 8 7 T
it A A WA IR T g I F 5T b0, JONES 45
N DLC B M 1 3 i 0B A 8 A 725 1 1
B FURIEREE (IR LG o ph T K PR 3 T RS % 1T
KR A SR VR, LR 28 MR, e Bk A
T FUE A 2 4 W B T 3 IR e e 1 e T
SeHH R KT, Paul ZEMERERM, KEeRIG
B P 5 7K A I % 97 S e B 04 2 9 K L e
LY 1 MR 25 R T o R4 T T A T o E L
GRS, AL ANET 1 | SR RS AR B L
FEMI RN, 2K 4 WA A 7 PSR A8 S I B K

PERE, RSN IR BURE IR Z I, i TR
T REANUEAR , FCB K SHOR B PEREABE B i
S, A R WA DU A R B RS 5 BOGBESF
T, ANUAT (A P KBRS 5 SO0 58 4 s A
2 Al LB RE L MR, FEB K PR AR A
A AR Rk Aok Ak, FFEHA A&
PV B B 55 A3 PR IR 9 285 4 M B
IKAPERE XS T K AR A8 O FH 2 AR A A
FARG A B A 5 — R H I 2 5 2k
Fo e i A 1 7 2 TR AR A 3 T e — > Y
SIORBIYI B R G R BRARE AR T 2 5
[ P g AR i B A PR R 2 O, b A2 A
S THT A RELRE B2 L B [ R 35 T ) A0 LT 2 W B 00 1) 52
M, DLC A B L5 RIFN2E 22, Kt DLC %
FRZK P il A AR E AU . — Bl DLC
HA RSN, JEE DLC B /KiZfl /78 60°74:
fi, 2 DLC A KLt M AE 70°5] 80°Z[a], Tfii
T 98 DLC R K He b 1 ] miib 10521 A SCiks
FHFMIE, $#& DLC BRAEmKME, B S



- 156 - *F om o OR

2016 4F 05 H

KB fil 0 (0 B A RO 15 )2 DLC BB ™
F-DLC A] LA A% I8 PR v s 35 1 7 e T e, 15 R LR
TS K Bl A Y A SCERIE R
2%~35%/c 47 1) DLC 3% [ fig bk 7% & DLC B AR,
AT S E R, Mk, #52E% DLC
IR ) 2 T R X ATF 9 0 2 T SR ) %) 8 7K 1 [R) A AR
PERIAL N

G TR SR L2 S AHVURE (PECVD) &
—FE WL 5 4 DLC By 5 ¥, SR PECVD
UURL DLC 11 AR 4L 56 R e I B e VR
HUB AR, T H AR ) 0 Al X B 1 5 1
AT, AR EUR ) DLC . X AR K
Y DLC MR A, (RN Rk, miH
Je2EA R R/, DIBUS AY DLC % 5 & A i
TR, g KW AT AT S AP RE , B0 T DLC
JEEER) )32 N

Zhang 45 N ek I B 7 T X IR F AR A A %
BEL S8 1 AE K DLC B, &8 IEE FHIAHER
B Js 9 HL A I, S 37 B N L3 1 BELES
13 ik IE B 7 A DT R RE B FAIG, IrdkAs iy DLC
it LA 2R TR AP 5 X R ik i A K 2R R
A4 DLC BEEAT NI/ Jeeii BRR AR .
AXT T2 WA S50, X FoBT L 7 vk i sk A8 1Y DLC
LR R B L TR AW, M2 WERE
Yy DLC B o SCH R a3 PR Sl AS T30 15 AR b i 2
BATES B TR A PECVD 4K Tk NEA
3 PECVD i, MiHAE S ic7E PECVD U5 HL i) - 1)
AR TR IR 28 PECVD ¥, DR IX g, R
MR A PECVD i, BRT o] LALJE AR 8
TAE s R D) 2R AL 58 T2 S50k % DLC
I ) 5 AR R S, Tt T L S R R A AR S
TR FL A =2 () A B B Ok A8 DLC BB Ay &5 o) v o
it TR T 7] % 7 A A PR P T 3 52 R o Y 2 AT B Y
DLC AR MER™, tesh, 8 A PECVD it
R W E $2 T, #2787 DLC BESZhR Ry ] 47
;I~$129JO

AR R AKX AR PECVD J7 kil
# DLC B, X DLC 5K, Hil. & ZFEME
MESEATI0 & A3 B, PR PR DLC B R
I T RE, JT454 DLC R fHOW 45 44 X 38 45
AT fihie; kAR AL PECVD Jr ikl
HBREMTE DLC B, JHot5E B0 H R MG
SOE-ALT

1 X

SO R O b BT B g B E A BR A F W
PECVD-2D % RF-PECV D B £ il 5 25 4 Kl 7 35S
PECVD W4 IMWIHAZE HEHA 400 mm, & 150
mm BRI A, TR BN 290 mm, #
AR EAR N 220 mm ™ R SR A TER A
B2k 30 mm, JEE K 0.5 mm,

1.1 AXRERFR

DOBRHT S A e 58 R R T . 2 B 45 i 75
e 10 min, IR 40 W, KM, BEETIK
Ay BT TE A 10 min 5 A SR T AYER
TR TR AR 12 h, FHERGA LB Kk,
RIGHAASHERT, BT 120 CHEZ THMA T
Mtz 20~30 min, %1,

12 E£RIAHERNGF

FIH O, B TR YE PECVD ik 30
min, 435l 7E TAEZ B IR AR 20 2% S 40 T B A
B F . A DLC MK &N RIREE N
107" Pa, Hl e S AR T 5 439 47 40 i1 30 mL/min,
SH5h 13.65 MHz, A= KIHE] ) 30 min, JEi8 & 5t
S ) AR A T P AT L, B9 DLC
B RSN : AR EZS R 107 Pa, L8, &K
FTDY S AL 7 3 5 4300 40, 30 A 10 mL/min,
JEi R 2 Pa, SRR A 60 W,

1.3 HERMERERENR

5K HIM . & R ko R S E e B TG
S DSA 20 £zl /il A AT, FER 2
PSR P Y U S T RE RS 1 5 s ZE A A R ThT
ESTCR A T R R A, SR 5oL,
ANFE SN TR, OB R e A A5

DLC Ry iE S 15K H L E Varian A Fl Y Cary
5000 #540A] WLAT ZLAME R T A, ) A E 4R
) Sigma-HD H i B ( SEM ) Ml H &K Ty
SPA-400 J5iF 11 i filtss (AFM ) W% DLC K3
T TESUERAE, DLC R BE 2R 48 K FIR A 47
M



% 45%  F5 BTN ZE . 25 DLC BB /K BERFST - 157 -
3.6F
2 GR5ITE |
21 &S DLCHEMEKSRIE ;x
B 1 AEAFEERKEZETHENEREY 241
DLC i} % Fl 12 A=t PECV D J7 ¥ il 4% 157 145 96 2ol

DLC M B, AR S BT E B B an
P L7 RE 5 V5 LA 2 TR A BB 20 2.5 em ),
Hrb f 4 R AB % DLC BB SHE, 7T LIE
i, DLC X2y 500 nm DL b3 Bt 6 s S 5
500 nm LLF BI5GB 2R A B A D6 43I
AT LA A2 A L 4 S s I FH 7 2K o S5 F 38 2k X T 5
TR TS, 7T L& A L R 2~4 eV (1
DL C 5, JH 57 B [ B 0t 2 AS [] 4 S B 1o 75 2R

120
100+
]0k
s ol
&
) 40 a E=38eV, p=60 Pa, P=120 W
b E=3.24 €V, p=200 Pa, P=300 W
20+ ¢ E=28 eV, p=60 Pa, P=300 W
d E=2.63 eV, p=15 Pa, P=300 W
0 e E=2.39 eV, p=60 Pa, P=500 W
f F-DLC, E=2.56 €V, p=2 Pa, P=60 W
200 300 400 500 600 700 800

K/ m
K1 AR BZE R 5% DLC Ry i% 5%
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