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B AR T M s T R e 1 v R RS T
BUR B TR T T 2y, AR A s e B T
TS, REAMBEEE 7S, &5 T8 TS
PR T, ERGERI A E5ERE T4 6835
X, 1.

FE X ik HE AT 22 i i, S TR AN TG K 2
B0} ik Fr BEAT B R G U, & 15 min, 7ERHMET
JEMAN BT %, fF R ESE N2 x 1073 Palf, JF

AR EE R AT S, B URR A B A AR
I, "SRR A, AR EN 15 scem, &
F-UEBCH L 700 'V, R R 500 mA, 5] H R
SR 1200 eV, WK/ A 50 mA, FEf 3 A%
o, |H &5 min, 10 min, 15 min, 20 min FLf
B0, Hdm 50N 1, 2, 3, 4, 5.

XA HEAT A B 58 5 S FF H S E 107 Pa
PLTR, Xk 558 JEC e i 200 V i [, ) Rk € 2 90
FeA, IRA AL BIE R 9 V, fifid Ik 2k P8l L 3t 16 52
7 A, BN 200 V, AR 101, AR A A SR LR
B A T IR, RIS LR 29 25V, iR
HLHLAL 90 A, P2 AR BREE B 144, AT TR B0 (1 k.
P AR AT, 2 AE 15 SR s B3
F10 min [ ta-C B, FTAEZ A 30 nm/min, fE
JEZ1 300 nm. T PRUETUAR IR I — Bk, JF R A
A G B3 v /min. R HE UL T 20 2% R v

02 04 06 g
pm

sp> A B — MR 70%, I ATIESE N ta-C K.

¥ H Dimension 3100 SPM i X Jii 1 77 25
% (atomic force microscope, AFM) MM & 2K 11
T35, I 22 T R RS B2, MK AR 1 pm x 1
pm. F A & KRATOS AXIS ULTRA DLD %
e T e G X 2RO B T RE TR (X-ray photoelec-
tron spectroscopy, XPS) 3k 73 #1 #F i YL ta-C &
B 5 %) PN 50 5 ) R i DR P PR 40 PR 2 e M v
DA F WTM-2E Y B8 45 % 47 45 50 A2 A7 MK, 4%
a9 ER A2 XHE EE A BN BLAR 4 mm [ GCrl5
BER, WA N 2 N, Jef% 128 4 nm, 5 65
800 r/min, BEHERE FRE 0.4, LR
I, BEE XA AR Mkt 1.

3 ERERET®
3.1 ERFTEMHHEULRE

FIH AFM X 1—5 5 SR FE ft o gh AT et BT &2
MRS WE 1. HE1EHR, R8T
() 5 SR A G T A 403, 0 Ar B kah
i, BEESRAE T HEABN. BEE R LR E MO
min 12 20 min, FEF 2 1M T 580K AR 158
KL AR, 2% i A RS FE 45 77 fRAH (root mean square,
RMS) M 0.205 nm K F]0.490 nm, 455 1%l

Bl (MTRE) B THREEERRE T IRMEBEERTERE  (a) KRR, RMS=0.205 nm; (b) BT KK
£ 5 min, RMS=0.241 nm; (c) & 7R 10 min, RMS=0.392 nm; (d) & F R 15 min, RMS=0.416 nm;

(e) BT A 20 min, RMS=0.490 nm
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BALSEG UM BR T, BT AR RN, —
St IR TR RE R R 2 BT RORALE, fEisshid 2
gk Sk 5 AR IR 5 AR R, 51— R
SR

A TH PR 2R S e R T 3RAS TR R B T A 3
UK UL R I R A e A RE B, B A TR BT HE
FOBE, T AR H 25 (0 JR T R AR P 2R T
JRZN . 2 i AR, SR i Ar BT
BED, SRR TR AERREAT A R, Ik
R T HEA L, REZMIH R AR E.
o ki (R OB N, 5 R AR I IE R ) Ar 5
THEWZ, B2 RS RRK AR, F

4 Av BT RO R R LI T s, i
I T T RO, DM P 2T A AL 0,

3.2 ERREAKRAM IS ta-CEIELE M
HISZMR

XPREER S5 1) 1—5 S TR 10 min ta-C 33
JE, XPS C 1 s g gl Bl ] LU i dar il 3 i v sp?
BRI B g, AN 29 A A [ 35BS SR o e 5 285 ) 1) 52
M. F]F XPSPEAK 34 % & F i 1] Cls ) XPS
FeVEHEAT VLG, 2 B, A8 = BT g
XTI AT A, 2 Bl Xt R sp? 2544 1) 285.1
eV I, XN sp? G K11 284.2 eV U, X W Bk S
f17286.4 eV it I, HE AT LA H, fERA
BT AR SR VTR ta-C B R, sp® B
HIRE (K2 ). MELS 1R o ek F
PR ta-C W, Bl S 2o COME R TRD AL O min 240
F] 15 min, sp & & I B IR/D, sp? B8R Y
i, WL 2 (), (). TEGNK SRR R E TR
ta-C i JBE, sp B B K, 243 o INF [R) 4% 2238
i, ta-C HME sp® B EAFH TR, EARREAL,
WE2(d), (e).

9 /arb. units

1 1 1 1 1 1 1 1
280 282 284 286 288 290 280 282

ZiETE/ eV

1 1 1 1 1 1 1 1 1
286 288 290 280 282 284 286 288 290

LiHE/ eV

ZE5THE/ eV

(d)

JBJF /arb. units

(e)

1 1 1 1 1
280 282 284 286 288

Vs &b
Zi5he/eV

| | | | | | |
290 280 282 284 286 288 290

Vs &b
Zi5he/eV

B2 (MAREEA) AFREERE L ta-CHIIEC 1 s SRELIER  (a) KA +10 min ta-C; (b) %7 5 min
T 410 min ta-C; (c) il 10 min & H 410 min ta-C; (d) BH sFEYK LM HFE R +10 min ta-C; (e)

20 min #£ /7 +10 min ta-C
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FAE, SRAR RG22 BT B, X5 T2 % iR T i Z ik
TE, w7 A ReEd iR SR 2 W8 s Rk e iR
Moo de, PR R RIS M EIRE. K& Ar
BT RER R SR Z TR R, ETBR T R EL)
92 nm (AR S EERJE 1O X BB S 80T BREE S
JRITEE AL, 1E ta-C MERRUTARPIY, S RA — &
REE IR T2 AR A, H e Z AR A
(IAEAE, (49 3T B0 7 kbR A ), X —fE AR
WS 7 1 HE N BN AR R o, AR R E AR
U7 R AN RE T U i Y Y L, PR TG v
TR sp® G4, Bk 1~ 58 2 (R AE B I J2 3R T B sp?
Gk, BEAE BT AR SOV I RGN, SR TR A
B, sp? SRR R N IR . T ta-C B
e e i sp B A I S P BT e ) I D R A £
SR — B 5 S5 Wk L TR A B 7 F) AR ta-C A5 PR
JS2 DT T BB 1 A B, S (] P R O
b, BRI E 7115 24 .

3.3 EERFEPKRLEHXT ta-CEEEES
EE TR A

st P B 4 s A 38 A AR ta- C VL %
B BRI 3 R, R R BOR R
GRS IR TR, ) TR B R R R AT PR 453
() AT A HHE DR 39 e PR O S5 RE . MBI ep ]
PAE Y, X ARAEBEAORE R, RIBCAH TE BN K 21
R, R TR ) ta-C B R BN () 950, A
F 10 min, FERARTRREL. 1M 2—5 S & b & HE R
SR Ty IS TRL R 3G 0, R B U AR AR ) B 453 P
WA, BEE R B 1 5 FE A TN 4 5
R B B AR SUR e J 1 9 e, kT
UURR Y ta-C 0 1 EE B4 Ve KON el %, 1 S BE 4
KA 0.09 7o A7, TR AR TS B IF 1) Y A G (FR3
80 min), Bz AR AR B 1k BE A 5k 5 SRR A, RS2
Ar 732l 20 min AYRE R EVTRRA ta-C RN 2
PERERL 1 SRR A VIR KSGE, BEERHAN4 5
FERLAHAT, BNt BB 22, i B I (8] BE 4 5 4 i
T

8 3L 50F B AN 7 22 e B AR R ORI 1] ta-C

VI PR BE BRI, FRATTRT LA H ek R TR 40K 24
P AR T ta-C VL FO T 25 1 A

X ta-C 7 R EE RS 2R (4R T, T LU
VA IS ol 2 AR 4 T TR 200 1 75 T AT AR

0.7
0.6
0.5 | a b el |d
0.4 ¢
;}é 0.3
£ 0.2
WMMA\AJ
01 F SN’ T aa T
0_
—0.1 1 1 1 1 1 1 L 1 1
—10 O 10 20 30 40 50 60 70 80

PSS H]) /min
3 (MR ) A [F) R 3 AR [R5 RE ta-C TR BE
BEGIR ML  (a) KRAHEAEH +10 min ta-C; (b) &
# 5 min i +10 min ta-C; (c) &7 10 min £/ +10
min ta-C; (d) B sFEGK G 1A +10 min ta-C;
(e) i 20 min #EF +10 min ta-C

FRYE 3.2 4 5 B A 45 A4 R 0 W 45 SR B, 3
TR % oy oM T AR ta-C 3 P 3 sp B2 A
&, AR sp? 8. R, AR08 T ta-C
07 PN 7, 2 e T T R JES R Bt o g D190 AN K
KAEK LB ). SRR, BT ta-C IR AE BE
PRI R R A R, TR F TR T R
SEMIR R RE)Z, R R H 1A SR 2 i ) E T
TR R PO BRI A BE SR R T sp® B
B k> TR BRI, sp? BT N, DR A i
TEE R B0 e, BRI R AT BT PRI

F—J5H, NRTHTE S A AT R, Bk,
HRHE 3.1 IR M4 18, T2 mie® & Tk, 7
Tk 5L JES 3R T R 25 P2 AR K U, X gl K A A ek
R ARTFAIRE . AR A v IS 2E K 1 SR A g = 2,
VORI ta-C MR AE AL I, Hg e b e s i 22
AR R 274 — e RN R, 515
ta-C V8155 4% THURH R 252 3% o, L3R T 3R RMS {8
Wk 4 Fiw.

TE PR S 5006 b T R R TH K B 4K )
BN G e (R MUNI N EE S T A RN 2 3
Z BN FEURE T30, XA — e FEE AR T TR
BEHL. [RIET, R IR AT A7 N ER A ta-C
JEE 3o T R AR K R B B Ak 2524 PR T B
TR WO X VR 3R THT RO AR AR, ik /> 3 T A 9 9 T B,
S YR I 1 B
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JS T S AN [R] 1R SR A A, AR X S AN [ R )
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JEE 2 TH AR TR ta-C B 5 ) . BE 4 22 R 1 B
M. 2 SRR

1) FRE RS TR R S R e I, o R 3R T 1)
SUE BRI, 5 2% o AN [E], 7628
R RIHAFEIEI LN, B BT A & i i 18]
(388 0, J A SR THI T 50 kA BH SR AR Ak, 3% TR RS 5
B R OK 70.166 nm 3% K3 0.490 nm. M FRE
7 15 min J& K IIE R T KT RO KU, 2 )5
I 5 T ) PO B 0, 6 A 2 R s R 5 4.

2) 15 B A A Z3U0 1) B ik BRI B DA A [
B 8] P ta-C AR, 308 3 5% 7R B 3 ) D % B P 1 1)
MRS, R RGO S I IR Z 850 51 S i
JIEL PN 51 sp B 1 7 5 Y PR AR, ROK BRAIR T WIS 1 P9
IS 7, ) AR f5f 56 B 4D P 45 P 1) A 10 mim 5 RUHE 1
2|70 min £4.

B 0 45 0 85 - SR 3R THI I I R0 %) 1ok 25 A
BT RRH AR T2 BEA S5 ME; R t—P
FE 5 ta-C R 5 17 ot BE AR MR SR 40 T SE0
85, X2 ta-C A Ak A B 2
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Effect of ion-beam surface modification technology on
the variation of surface texture”

An Shu-Dong’  Wang Xiao-Yan Chen Xian
Wang Yan-Wu Wang Xiao-Bo ZhaoYu-Qing

(Key Laboratory for Physical Electronics and Devices of Ministry of Education, School of Electronic and Information

Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

( Received 30 May 2014; revised manuscript received 11 September 2014 )

Abstract

Ton-beam surface bombardment modification technology is successfully used to manufacture different kinds of nano-
textures on the surface of silicon substrate. Relationship between the morphology and arrangement patterns of nano-
textures and the bombarding parameters is studied. Results show that the ion-beam bombardment has a significant
impact on surface morphology. Different kinds of textures on silicon substrate can be formed according to the variation
of bombardment time. The nanodot array texture is observed on the surface of silicon substrate when the duration of
argon ion-beam bombardment is 15 minutes. Simultaneously, the tetrahedral amorphous carbon film is deposited on the
silicon substrates that have different kinds of nano-texture. The microstructure of ta-C film deposited on unprocessed
and nano-textured silicon substrate is analyzed by X-ray photoelectron spectroscopy. Results indicate that the content
of sp? bonds decreases with increasing bombardment time, and thereafter keeps a steady value. The ta-C films deposited
on the nanodot-textured substrate shows the lowest sp® fraction. It is also observed by friction and wear test that the
wear time is enhanced from 10 to 70 min. The tribological properties is highly improved when the coating is deposited

on the nano-textured substrate.

Keywords: tetrahedral amorphous carbon film, ion beam surface modification technology, surface
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