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Abstract

Using radio frequency plasma enhanced chemical vapor deposition (RF-PECVD), CH, and H: as gas
sources, diamond-like carbon (DLC) films were prepared on the substrate of Si(100) by varying
the plate spacing using radio frequency plasma enhanced chemical vapor deposition (RF-PECVD).
Raman spectroscopy was used to characterize the microstructure of these films. The results show
that the deposited films are typical DLC films with sp3 and sp? bonds and the crystal structure of
diamond in films were Hexagonal or rhombohedral. G peak position and Ip/I¢ ratio were found to
be increased, which indicated that the strain between film and substrate was changed and the ring
structure content was increased with the increase of plate spacing. The content of sp3 bond was
decreasing in the range of 0% - 20% with increasing the plate spacing between 8 - 17 cm.
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1. 5]

4 WA i (diamond-like carbon, DLC) 1 REALER, B/ V2 L AE FL T 2% . RS, S R
PRV, TS H e NI B ) e el R R A PRAEA AR . 5T DAL ARHE 1] [2] [3] [4]- M ASE RS
TGRS S AR YURE(RF-PECVD) A2 il % 28 & Wil A 1) 3= B2 7 2 —[5]. SR H A6 T 28 & WA i)k
JEATLER LA B T AR I 8 S 500t IR BE AR RE AT B0 S8 — AR [6] [7] o 75 S A3 28 %6f 28 8 Wil A s 1) s el
J7TH, WS Choi [8]58 NWFFT 1 5 ATl 2 %) e JEL 1 BE R VE RE 21 . R Awang 1T SA Rahman HF 72 1 5 4l 1)
FRA S EZ MR, QI Hai-Cheng %5 N 7T T S AZh & % sp® 8 & R AUFLMI[10]. YK Yun 25 A B
Ft 1 ST I A BRI E R [11]. AT FRARARAN Jiang [12] [13] [141% NUWIT 1 56340
Th 2R R R o FEDTAR SR XS R B NI R AR e 7 T, 30 J LA ORI 7 45 SR 3R B B A TR R
JEM 7 Pa 38inF 15 Pa, AR sp® & AHLIME BE R SN, 0 EERE S B B 2K FRAR[15]; BB VIS
JEM 15 Pa #8805 31 Pa, R sp & B RIHUMME RERA W FRAIC, 1 RS E MERE RN B & 1 [16]. [FIN, T
FHALHIT 97 5 0 e SR IR B S AT TR FE[17]. 28 LRk, K B0 5038 1 45 B AR P e ST
EMPRAEELZ S5 BT, i SR A 5E R 78D o S A R FR AR (] 5 ] R 2 5 i S (0 U AR
AR, TR R AT DS R A N, TS B PR, PRI 2R (18] R FUAR AR IR B
SR R A L E B L. DLC i sp® S M SR ARG 28, b i 8 uil & b T B A R
{81 5, FeRRIFIA)AE, XEAE S JCH 45 St s T A 20 A DLC R B 45 44 i L 1) T B [19] . IR FH 4ir
VAR N SR A5 B A SR A 2 S AR VTR (RF-PECVD) AR 1l 4 1) DLC 3R seib B b, IE I8 0 AR A
AR BT BE P A0 o5t R 2 LR PR 2 B, R AR ] %o 1) 8 246 NI A 5 () 52
2. XBWREERZE
2.1 WHEHIE

SR FH IR S 50 8 6t v L RL 22 Bt D B A BRI FE A A IR B AR P21 “ 322 + S0 PECVD S B i ik
GRS E 7 o I R A B AR SR S SR TRRVE(RF-PECVD)E - Si(100) 4+ i il £ 2K 4 NI
R, R R R AR AU SR TSR, ERRIR 2 AT RS A B PR ERS T BE ARD R (B )AL, JRTESE
F SRR BRSO S i A 2 . RN R I, /R IRR R A% TR, TR sp®, sp® A4fhbn
TR AR S5 5 S ) A A [20] [21].
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SIS FEORMELEE B EE F(110), BFESE, A PRIE DA AARTEONAENE 99.999% (1) H,, 41 99.999%
Ar FIZHEE 99.9% CH,, 2 99.9%[K %<

22. EWAE

W TRALFR A B S RE AR, ON TR IO S R A b, SR PRI . KRR TR S % 5 x 107° Pa LAF
J&i, AN 30 scem FIGEA, VAT ISR R SRARE A2 20 Pa SRS TR AT R IR, S AR 42 200 W kT
Si FEAAHEAT 15 min FIZREVE: EYLE, BASSR L, AT SIS AR MY SR, SRR R BE (S, 11,
14 #1117 cm)PiAR DLC i, BARRUIR TESEn#% 1 Fis.

2.3. MRS SHTTE

SEI6-K FH Renishaw in Via Raman microscope (Renishaw, UK) i ACIA TR M5 1) Raman J¢ i, fi
F Ky 514.5 nm A W6, F3#5E Ry 800~2000 ecm ™. T A B 4 B ' 1 7E 800~2000 cm i A
SR T LIRS IERE LR XA WOREOR, 4B 1560 cm Tt A 1360 cm Y G AT D . G g
WA B BE P (B A sp? TR 75t BIRLARIE 572 AR 1 . D W2t 3 sp? R IR AR SR A 1y, BRIk
BAE NI A D I§[22]. SLIGUIAR & A DLC ARG igdE ik m il &k #f e D IEF1 G .

7% DLC JERS 7 TAE AR, sp® & (00 2 w2 o 4 U e — LB B AR 1) R AIE TAE [23] 0 T BR B
B 5T T RN 0 = B BB R SRR . sp® BT REFA B RN, SRGIRINERT . fUa NIOIRAR K
g5y, XA WK ARG RE[24], ] 1 PR ARAEE 1, AT LR 2O S B G e B
I 1o/l B R MER 2 MR (¥ sp® B . BV 1 (9°F34) G A B M 1581 em ™ KB #) 1600 cm . Fiy
B2 NTER B EFSINIEINE T . RE R R sp®, (Ass iR sER, Fit G 1& N 43 1510
em™o BB 3 2 sp? L E AR sp® 0 E, sp? L B MR E LA E . BT R TR KR A PR 2
G g B R EF] 1570 cm ™ [tk . B TFAIEENABIE, Ip/le=0.

3. KWMERS A
3.1 SLHEER

0P 2 TR DO YRS A i 2 T e BB, e BRSOk, AT LA LU R AR B

1) $12 L AE 1350 om ' BT A B R A B0, p I AT TR 4 B R TS S NI A [25] . R
A&, 1350 cm LM ¢ AN d PIALIG: 7E 1344.3 cm T A1 1385.7 cm Y BILAG E ANIEHR TS LA S D i,
P CAFE AR AN, T E AR RO TR R R AR (B AR SR EOE R R, R 5 (1 — AN 2 IR T
ANET) [26]; TITE 1580 cm * BE i 3 e 4k 1573.9 em L IX NSRBI BN G 1&[27].

2) HIZR7E a:950 cm ™. b:1265 cm ™. d:1385 cm " Hl £:1646 cm A B HHL AL B 45 H LA/

3) MITEMAREIEEJy 17 em B FRRE & e i g o i e v, BROBRIRTEE /9 14 em BFRZ, 11 om B 4k 2EFRA,
8 cm B M. TECRIERL 2 OB IR T ZAH F AT B T, WEsmiblirmr, R 5 B A T 8L 1 S 1 0 o
SrEE, FEARET H B (4518, b B B A0S sp? SR TE 1350 cm T BRI D iR 1580
em IR G U, XA T BH Bt A ARRR TR B A 0, VAR sp® B KRR 5 s s

Table 1. The parameters during the deposition process of DLC films
# 1. DLC H#RMM LT ZEH

EREZEE StgThE TIRSE HARE TLARR [ PR SRR HARE

5x107°Pa 250 W 40 Pa 30 sccm 90 min 250C 45 sccm 15 sccm
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Figure 1. The Raman spectra model of the degree of disorder variation in
three stage
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Figure 2. The Raman spectra in different plate spacing

Bl 2. SREIRIREE TR 2 iEE

HR A STk B RE[28] [29]140#7 & 2 W41

a fb: HHZRAE 950 cm ™t I AA g, IXRRERIRI MG, 1K iR R ) W R 135 B
FERE, sk, EGHEERGR[28]. MRIFEB BT DS BEE AR RN FE I R, W), X ]
B B TR I B K, S5 BTR ER, SEUHRAE KSR KSR AR, I H sp® BATE
sp® BAesE, I RGO sp? SBAUHR . A PE SR BEE AR PRI, R RN,
I EF[29] .

b &b BHZEFE 1265 cmt HT AL H BN SRR I, SR NGS5 75 T7 4 MG ) 8H 2R A3 5 45 KO f) 15R
A A S [30] o o7 B VA PR A/ IV A T 3 A2 PR T TR o IS g AR ) 77 78 1 72 A2 1 5 TR et T Kb 7E 1265 e
Ak H 2 U f A T ReAR R ML AR 15R B ZE T NI, B BT SRR R RO BRI
WZ, SES B ARKARE, HILEH a1 8H SN T &R .
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f4b: 1646 cm * i HLIE AT LAFR Ay DI, DI G W — 9K I tHILAE 1624 cm *PhiL, 3
IREE T A s AT KT A G U Bl € MW A% , Al RAE A S B 20 1Y D B 2 171 4 7% 3l tH BLAE 1640
cm™ ZEAT[31]. WEIA R RS R W Y AEAE R AR RN Ay s IR AP R R 7, FTRER t T IR S B R R AN
92 i 2% i A Y

3.2. BESHT

W VU LA [RIARAR B BE T (0 z 0 i it v bl A5 SR A e D WA G &, LA S R 3. MK 3 LA 4
Fr] LA BUEAS [FIAAR (B BE S L N 75 3 G UEA D ISR 8, B Fm s, WM. R, g1
FERNIEAT B, BB % 2 PR,

4 AR 2 2 1p/le (A G Wy B B RAR (A1 PR AL I A B . R 2 16 G WA B & 4 w]
e DUASARAR )G N () G WAy B ARG T 1580 cm ™ty HLBHE MR B BRI 386 K, G W7 B 255 ETHE N4t
%, PEILTT ISR sp® SR AE 8~13 cm YR N R[4, 7E 13~17 cm JERE N FH . 1o/l B ETHES, dEikar
AT 3 sp® £ B 8~17 om V0] A B ARAR 190 26 0 Tt A 7 BRARG , X 5 G W7 B 43 B ) sp® & AR A A [,
X ONET sp?/spd ILLGIRH sp? Bl — M EtE, hT sp’ S EREL sp? S EMTH, FrLl
e R R TE32]. ESEIRE G WA B AR T 1580 cm™, IXHER: T BEANT-BY BL 1 Malfig; HRHE 1o/le
{EL 3R T DLW AN T e AL TR B 3, IRUNFYBE 3 1 In/le {8 T /5 MBI TUAg ki T2 A,
R [ BE 7E 8~17 em S A AL, sp® & AR Lh i FI7E 0%~20% 2 [, At TR B 2. Hi# 2 al 4,
FWHM {8 Bt 5 AR [ 2 38, Se oD R8I0 5 S8/ . T G g g 5 5 sp® & & B A IEMIDESE
[33], PRtk sp® & Se i H b i 5 XRAR, (BRI S AT G WAL E K 1o/l (HHEH K1 sp® & &
MR LR SR, XA AgE TR R A IR, SR Bk BT A ML E sp® & B FWHM (1748
TR . (RIS T 4 DLC #EBOR UL, X FWHMG IR BT EIE S A Rt . 28 Erl LIS BEE AR
A2 7E 8~17 om Y [ P B, sp® B A0 R Sl S M, R A A I B — 5 Y L N B S R T
spP MR, TR AT RE R AR EIBEIGIN, S5 FAA%ERE, ARAEKERKTERAG, ERAN%H
TAREER AL, C-H#EBENZ, XS sp’ BE BN m. ME 4 /%, G A ERfE 1551 3
1570 em ™ fRIZ K Ut B 7E DLC SR AN Si 4 JE 2 1R B J 1328 24028 s M 1o/l BB AT EFHRiasA b, o]
LS BV R R 7S A PR 45 40 1) 8 I 5 AR T B 1 FH(8 em, 11 em, 14 cm, 17 cm)ifi AN i(1.41, 2.10,
2.22,2.85).

Table 2. The data of G peak and D peak in different plate spacing
F* 2. TERARIEIET G I§F0 D IEMEE R

Plate Spacing Peak FWHM Center Grvty In/ls
D Peak 88.54 1363.05

8cm 141
G Peak 131.00 1551.00
D Peak 133.05 1352.19

11cm 2.10
G Peak 113.10 1569.72
D Peak 137.08 1360.86

14 cm 2.22
G Peak 137.08 1570.90
D Peak 93.20 1364.11

17cm 2.85
G Peak 119.08 1556.56

#7E: Center Grvty (Peak gravity center) & I35 HH ot AR X
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Figure 3. The Raman spectra fitting in different plate
spacing (a): 8 cm; (b): 11 cm; (c): 14 cm; (d): 17 cm
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Figure 4. The ratio trend of Ip/lg and G peak position in different plate
spacing
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BEAT 0BT, FRRIATT S5 © EMRAREEE 8~17 cm HISEIGSHUT, il 4 BT b & > 8 LS T7 838 5 45
MFEAER WA @ MERRAS R Z A A AER AR TR BB As s @ MR rh 7S M BRI A 1) 5 BB
MR PR EATAWTIE I @ BEH AR A EAE 8~17 om YEIEI Y380, sp® S84 & Sad /b JE 1,

A0 2 D8RR 10 2 — 5z 3 B P (K B IR sp® SRR A

5 RE

AN [ 2 ATl R T A P BE SR AN DR R T SR AT RAR FUAN [ B A [ B B WA (R BN e T
SHILRFE T 46 SR NI R A P R A @ U, DAHET LN

EHEWH

TIFAEE T A ARRFIH BHF R 8 S0 7000 H (15A430004); 4 & R SEASEHIF L 45 97 & 1 %t 4
T B 7 4F SCRFHRI(2015QNJIHL5); ] B Tl K 2448 s /2 IR N A 36 42 30 H (2014BS016)
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