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Effects of tungsten filament diameter and surface treatment on
nucleation and growth of diamond film

YOU Xiao-long, YU Zhi-ming, WU D1, WU Xiao-bin, WEI Qiu-ping, WANG Ting

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Through hot filament chemical vapor deposition (HFCVD) method, the diamond films were deposited on p-Si
(111) substrate by different treatments of matrix surface and tungsten filaments of different diameters. The nucleation of
diamond films was investigated with field emission scanning electron microscope (FESEM) and Raman spectrometer.
The results show that the nucleation rate of diamond films is up to 10'°cm™ when the diameter of W coil is 0.5 mm, and
the diamonds are nano-crystal and uniform particles, the growth of the diamond particles is not obvious. The diamond
particles mainly grow up by the secondary nucleation. When the trace amount of Sb metal is coated to the substrate by

magnetic-controlled sputtering, the nucleation of diamond films can not be enhanced, whereas it is obvious that the

crystals grow up. Sb metal can enhance the rate of growth of crystals.
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POBREWRE, ZREALAMOARE SEEK
ER—ENMHXRAERIER e MEREK, B
BRI SNA R RERN,
HErX—AHEAR LR ML ES TR
(MWCVD)ZER & NI A #E S G EE 4K, HFCVD /7
AR AP BEAR T, A USSR KEREKX
o] ABRR A=A, R—FIEREMmENEKTE.
A e N HFCVD $:1E Si #45 ERf R &RLA
FKREEMEKTX. XFTAM, BEROEERS
MEZEARAMMEREW, EHRRERA &N,
WREXATARBER, HmAEEARTRH,
SEARTH T BAED), ERENET L HRE—
EH#EM, REER EEKSRIAHEBES. BRITEA
TAKK AR R N RTTR SRR &R, RAE
KORMNES, BT BALEA R E LR MPTR
WAL HRRAR, RALNAEENRRRTER
KAEARR, HREFRTHRERGHE.
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KAME TR LG A8, FER 650 um. #FH
X 25 Qcm K p B Si(M)ER TR S RIA EEEE
. BT RBEHESE, MEANRESFHTT
R HIALE:

1) MEFREAREY 0.4 pm FSRIFS i
FTHEEE 10~15 min, RFAMESHER. Hi5 Si EEE
H, BTFRBEEFBANAREY, CEFETREGE
¥ 10 min, WHETEETARTER, BEHRARN
PRV,

2) ARSI VE, K% Si BARTMER
/DR Sb, MR Sb MRS I EH THE Si Eh LK
FEME, RIS R R H O SR SEBLN Sb &
=i,

SRIAEBIRRERTREFIEHEN—&#&
% CVD RNMBAAHEITH. hEdpsER, Rt
X d80 mmX2.5 mm, & 315 mm KA EFBR NS,
BENFH R T ERRBELREEENAEML
HEEERTREH, £0F, BENHES 0.017
kPa/h.

STEEHER R HI&, —FR d 0.5 mm 4G
%, i d2mm 33 [; 55—2 40.35 mm A4
Y%, MEHIKL2 mmIt3H. RALEHKESHE
BAREFHEREERKBEQCWSISH)AIT 4
e,

FRWPR I EMER 1 Fix, JURERISA 1 h,
RMNESR 3 kPa, fT#4BRRAANEEE Y 4~8 cm, #
REA 2300K, SIEWKE L CH/H, K 2%.

®1 SHAHEBRIHIZ
Table 1 Deposition processes of diamond films

GF/

Process I/A UV (cmmin™) ) Ts/K
1 17 9.5 20 0.35 860
2 21 10 25 0.5 785
3 17 9.5 20 0.35 953

I—Deposited cvireat; U—Deposited voltage; GF—Gas flow;,
d—NDsiameter of tungsten filament; Ts—Temperature of matrix

HWEFRTERE, AFHEE FE AF 8
Sirion200 37433 HE BE(FESEM) M 82 & NI A R 1T 9
e R AEKIRD, FAZEE Renishaw 72 B M58 4%
1%, K F He-Ne #0038 7F 632.8 nm WUEE HS B4y B 145,
Bl & RIA £ KRR,

2 BR5iR

21 d035mm BLWERNAEBERZ. £ KHTE

B (i mRETSNAREHERRE 1 TE
1 IR RRENAERNGRTAR, AEHTTLLE
3, 21 h TR, SRIABERRESHE, &
BRIA 10'~108cm™, X 5 R 4T B M TTR &R
AEBAEEE 10~10° cm 2 HBEFH 34 ME
%,

MELO)R B IR LIE L, 761 3312 cm b
—H&REMERA T, TTRRESRG KA S FikkE
1332.6 cm ' &b, XRHTSIHREFHE SRIAKS
WMEBHEMRK, BB AR T ERIA i
B FEMER, REBEBKH R LUE SRS
&R 77, 261 613 cm 'A% — /Mg, RBAFEAER D BN
A,

22 d0.5mm SBE£NERAEREZ. £KOEMR
B2 ~_REd ENARETEEREILE?
B BRNENABEORTES, NEFTLEE,
£t 1 TR, SRIGCERRIELHEE, BiR
%10 cem™?, FRLA R~ #E90~250 nm 8], JLEATLL
SR THEHABEN T EREBMEZE. REWHHARE
RS, BEEEER10" cm2LL LB B,
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Fig.1 Morphology of surface(a) and Raman spectrum(b) of
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Fig.2 Morphology of surface(a) and Raman spectrum(b) of

sample 2

WE 2b)hr BT LLEH, 7 1 331.6 cm™ 4
A 2REMERA T, mEEREEEHIRE 1
MEETL, XEHMALTIRE 1, 5 2 KENE
TN T RS, REAMAENENEREHEA
(9, ARIERE 1 7 1) 0] LU B R b RRAFZE RN 7
£ 1 428~1 639 cm ' A — 59, HIIFERD

23 LESE SO MENEHEERGL. £ KOF
B 3(@)&7E Si Bl KT 7 D4R Sb Fix
F1LZ3 AN A ERNERTES, AE
PELVEE, 23t 1 a MU, SIIRRERIA EEG
L, REMREENESR, BaERME
10°~10°cm™?, X5 R Z4T B M TR &R R Y
A% 10°~10° em 2 ML & 1~2 MIER, AT
WORBTESE Sb A ERIAERNEZERE KE
WARISEE . 5 AMNERR AR, SR RSFHEZERK,
7E 125~1 500 nm 2 [8], PiRRRIERIAERTEHRE.
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Fig.3 Morphology of surface(a) and Raman spectrum(b) of
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SRfE(134 589), WBIFFAE KBRS, TEMHK. X
SRR, ERRERAERNRERE.

24 i1t

R BT S, AT LUKREA R 7E 0.35 mm
g nAE R TR R D, X SR
HABN, B0 EREER d0.5 mm 284 4 /h
¥, MRS HETHRSSBGNERENTHRE
by BAb, EE 1 52 HETUER, &1+
SRABEAERE RN KRR, SREHE
(AR 7R 2 PSRRI R AT B,
HKIRE AR R4 B B, 0 OB B2 BT A BCREA
RKEBH W 2R HEL T, BE 5 N E A
ORI TS RIE B, ST SR W 2%
5T IOBOE, PR UK IR RRE, R
AP RSRA AR MBS AN RE L, IFHE
CRBINENE RESERZ, BR KB, 8
RN, RARRRE.

TR TG/ RIN4E Sb, FEHT MBI
W, EAREEHNENMETHRLEE, & S B
RS MR, C EFIT RSB A
Sb MiA LT MY . Bk, TR4E Sb AT LU In—
TEMNEEE. TEALE Sb WHH, SEA—TF
BB TR ARIERES, BTREBSIMILR S
B, FESRGEEEKIEERYS, AT &8
RAEBA: Bob, B Sb BRI ML
IR, SFAIERK. TERREBSBR, MiTHE
1S RIA MRS TR R .
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1) BEE HEINRKEN, W 2R H BT RIRE
58, WA CHYH, MBS E R B, RAEERA
EERERMA, FNEKERRES, BEU KB
A EMATIR, REBAFE.

2) (FHERN 0.5 mm 1 W 2 5EHKSRIA#
JE AR AT ARIE 101 em 2,

3) XREFHATHR TBERIRERAR, DR
g Sb AR ERHIg T EE, RE2mRamEK
M.
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