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Fig. 1 Deposition rate of nc-Si : H films prepared at

different hydrogen dilution ratios
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Fig.2 Raman spectra measured for Si ¢ H flms obtained

at different hydrogen rates
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prepared at different hydrogen dilution ratios. The

inset presents The Gaussian fitting curve in R(CH) =
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Fig.5 FTIR of Si: H films prepared at different hydrogen
dilution ratio ( The inset presents the hydrogen

content under different hydrogen dilution ratios)
F X 640 cm B 4 21 A0 W SO 04 3E AT v 30T 0
- AU eR R0R AR 23 T BR R B W R A
Cu =) A1) 155

Cu=As s /N (3)
L= %do 1)
@y W

Ao 1, SRR B R B X I I T R T L A
ZH Ao =1.6X10" ecm 2, BE 5 AR 1 1Y %
ZH N=5.0X10% ecm *. {5 i 245t T AR A
B A TR A i Cu WAL L. WA
L Bl AR R LG R (B AS I 18 n 9 B op ) &
it Cy ISE I J5 W B T I A a5 R R
T T B R G K R R 2 R ) B e R AE  —
T Fifi 5 20 A0 R LG 0 185 T, 28] 3k 3 R 3R 1o Ui 0 2R
T 2 B BN 11 18 E P B 2% 1T 55 B 114 220 Tl A g
SO BORE A ) T R T R A Bt % RN A C
B S — O R AR TR SR
B R R T I A S 7 R AR 2 ok 5N T 1 5 L X
15— R BE EAm i 9 Koh 7 A4 K.

Sk 1 — A I 5% B R R G X 4 K T A v e
B EE MR AR AL R AE A SO 5 e SiH i 4 3R B BT
SR 1 850~2 250 em ' [X 38 (4 £ 40 W Wi i 3 A7 01

G0 6 4 T AR L R=40 FE 015 2 U
AR T UAE M, % K n] LA
2 000 cm™'F1 2 090 em ! ik XU B L A3 B % R
SiH A1 SiH. A9 & 4 gh 5.

800 — R=40
600 |- E 600 :;ZZZ — Fitting curve
£ 400 —— Peak 2000cm !
22 - — Peak 2090cm™!
£520 ‘\\\'_‘
400F T o

30 50 70,
Hydroge dilution,
ratio R

200

Absorption intensity/(a.u.)

1900 2000 2100 2200

Wave number/cm !

6 AMBELR=10FGNHEHENCE(AFENFH
AR 2000 cm™ 5 2 090 em ™ Hy FOUK R R

Fig. 6 The fitting curve of the Si-H stretching mode

Vibration area under hydrogen dilution ration R=
40 ( The inset presents the intensity of the
2000 cm ' and 2 090 cm!
hydrogen dilution ratios)

SiH F1 SiH, WIS i FR 23 5 BE S Bk T 45 5
B AR G it (816 4 B 45 T AS [ AU 8 B L
oy SiH Al SiH, W5 B AR Ak 45 R iR B E =
FRBELL R DN 30 3 2] 60, P W5 AR 43 5 J3 4R 12 30 B
55 A A, L W TR SRR R LU AR AR 1 ) R o R
o 55 R BCR. Y A R LU 60 DG R
SiH f 5% B AR R AR T SiH, B4 % B X
B EFHGEHEG X 5H 640 em WS I A A
AR AR AR — B 25 U R ek S Y 5
AR AL T2 BT GOk i AR URL R T SiH, % B Y AR
FEARAE. 255 W2 o3 B A SE B0 25 R 45 78 &M R L
Y R B S T BT AN K R R RE Y R B R
SiH, G 45 %5 B2 W) o 10 78 = S0 R L A0 T AR
T L 1) 5 1 3 S04 K e e R /0N o r e 7 HL 3% T
SiH, B4 % 3G .

3 mARNES

B 26 45 8 - 1O D' ke P T R A R v 0 45 2 (1)
SN R TG R NE 1 A 3k AR R s ] SR S48 R A
SR FNR G NE AR RN R
SiH, 73 & Az JF s i 15 . {0 H O A B0 L RS L AR
& SiH, (n=0~3) H i3 & F R0 U &
SiH, (n=0~3) [ 55 85 F 4. 25 MW X H

e +SiH,—SiH, +H,+2¢ (AH=11.9 eV)
e +SiH,—~SiH; + H+2¢ (AH=12.3 eV)
e +SiH,—Si" +2H,+2¢ (AH=13.6 ¢V)
e +SiH,—SiH" +H, +H+2¢ (AH=15.3 eV)

peak of different



930 * T

¥ 45

Z 5 b ROV AR B A%l A S AT A S
T2 M) e A U G B - 1) B S T R AT A as 1Y i
T RN 5 BB # AH AT LAFE HY B0 2 S 0 AR
Yy SiH, A SiH, 2 £ 20 B iy AT Bk B 9
JE 3 AR PR E T ) 32K I R T S LR ) R A
SIS R G S ) B 2k A A SR T DAy O i SIE
W S A R R R 5 A T ) R TR AR T B
TE BT Y 2 TH R 25 4. A R T AR P U0 T A R
AR R R A R R A K B 2 E AR
FHE g B K it i 1) 2 1D 7 80 2B R L L S b 5t
FE ST LT 58 4 s v 2 i 1) Ak 5T IR O
ik SR [R) I 2 2 S D A 1A O S » 8 7
T S 2 A AL A T T PR R K 5 ORI i A
W™ BIOHE A e ey o ol AR B B A B AR A L
7 A R A - (S B RS LU AR L 7R R v U
Tk B AT R Y Si- Stk 20 AR S B T A
T B RE It A B A S T I AR KR
TET . 23553 D160 552 56 0 A+ B 2 R 10 8 s 490 K i
LT RO 8 o R Y S R L R R LY
J IV Ry 9IR 90 ) 2 ThG O 45 S T B S i 8 2 el S Bz
FE [l FE AR E T B fY) Si-Si B A9 T8 AR LA Tk 2
e B r KA B I A2 A SO e E Si-Si g Y
TE R R H 57 RERS T W7 AR di ik 9 2% Si=Si i,
(A5 I i P A s 0 I o B S A B S BRI
B 114 T 20K 0y o R A T B — A B e [
0 dl AN AY Si-SifE. R . U T 0 R T R
R A IE T AR SRR RS B0 1 R A
RIS A2 B R o L G RORE 19 3 TG A Y
Wi/ 2 STH, B % 5 00 D[R] I S 2 el AR
F% AN T 4 5 1L S B30T DB AR A R R

TEA M BE LR E] 60 LA B, fh S2 80 45 R T DL
H U R EE S T 3 OB Y AL SRR R
PR RN E S PRSI N TR TS SO0
I 2 Th Il 2 S T 6 L A v B U TR L T Y
Ty S D 1 i PR R S R S8R B % v <1
R FEAR BN K A T 2 KB 2R Y o Lk R R
{10 445 A I A ik S BT AE v U R L R
I RTE SRR R ST B8 90N o T X ISR 3% TG
R 30 30 SiH, S5 % R A3 .

4+ i

PLSiH, /H, S8, & RE-PECVD A il
T YK SR, IF 5 T A B X ne-Si: H
fn A AR PE B 52 R I 45 A S8 56 3 i 4 L HLERAE T )
Hilie. 5 R AWM B R A 30 3 n %) 60,
AR I 2R E T A R R S R T AR AR TR

R K R R 1 R B R e TR G R R A ROkE
TR G RE B I S BT SiHL B
WeE A 171 o SR B LU — 20 B g rp o B
SR ERC T S IO P 3 i o o I ¢ R B R AR
i STH., B G 4 B R RE A S0 AR AT P 1 s DA
(LR QUL N TR 0N DR AN S R R e S )
TR

5% 3k

[1] YUE Guo-zhen, YAN Bao-jie, YANG J, et al. Effect of
electrical bias on metastability in hydrogenated nanocrystalline
silicon solar cells[J]. Applied Physics Letters, 2005, 86(9) :
092103.

[2] HEYL, HUGY, YU M B, etal. Conduction mechanism of
hydrogenated nanocrystalline silicon films [ J ].  Physical
Review B, 1999, 59(23) . 15352-15357.

[3] CHEN H, GULLANAR M H, SHEN W Z. Effects of high
hydrogen dilution on the optical and electrical properties in B-
doped nce-Si: H thin films[J]. Jouwrnal of Crystal Growth ,
2004, 260(1-2) . 91-101.

[4] WANG De-sheng, YANG Zhi-bo, LI Fei, et al. The
microstructure and  optical  properties of  crystallized
hydrogenated silicon films prepared by very high frequency
glow discharge [ J]. Applied Surface Science, 2011, 257:
8350-8354.

[5] LIU Shi-yong, ZENG Xiang-bo, PENG Wen-bo, et al.
Optimization of double nanocrystalline silicon p-layers for
amorphous silicon solar cells[]J]. Material Engineering » 2011
(8): 5-7.

XA 5, SR, w2, S gk aE P20 AR AE S K
REB L], MR IR, 2011(8): 5-7.

[6] DING Yan-li, ZHU Zhi-li, GU Jin-hua, et al. Effect of
deposition rate on the scaling behavior of microcrystalline
silicon films prepared by very high frequency-plasma enhanced
chemical vapor deposition[J]. Acta Physica Sinica, 2010, 59
(2): 73-79.

THATG . A FESL A A DUR R L AR B T R
SR SR ORI £ 00 AR 2R AR AT S 2 mm [T ], 4
H2ER . 2010, 59(2): 73-79.

[7] MADHUSUDAN ], DEBAJYOTI D, BARUA A K.
Promotion of microcrystallization by argon in moderately
hydrogen diluted silane plasma[]]. Solar Energy Materials
and Solar Cells, 2002, 74(1-4) . 407-413.

[8] COMEDI D, ZALLOUM O H Y, IRVING E A, etal. X-ray-
diffraction study of crystalline Si nanocluster formation in
annealed silicon-rich silicon oxides[ J]. Journal of Applied
Physics, 2006, 99(2) . 023518.

[9] MOLINARI M, RINNERT H, VERGNAT M. Improvement
of the photoluminescence properties in a-SiNx films by
introduction of hydrogen[J]. Applied Physics Letters, 2001,
79(14) . 2172-2174.

[10] CHEN Cheng-zhao, QIU Shen-hua, LIU Cui-qing. Infrared
analysis on hydrogen content and Si-H bonding configuration
of hydrogenated nanocrystalline silicon thin films[J]. Acta
Physica Sinica, 2009, 58(4) . 2565-2572.

BRI BRREAE . ISR T, 90K fh ik B v S0 i R B A R
LA ] B, 2009,58(4) :2565-2572.

[11] YAMAMOTO K, NAKAJIMA A, YOSHIMI M, et al. A
high efficiency thin film silicon solar cell And module[]].
Solar Energy, 2004, 77(6): 939-949.

[12] MATSUDA A, TAKAI M, NISHIMOTO T, et al. Control



8 39 T A5 < U KT A K A A R ) 5 e B R A L 931

of plasma chemistry for preparing highly stabilized amorphous [14] SRIAMAN S, VALIPA M S, AYDIL E S, etal. Hydrogen-

silicon at high growth rate[ J]. Solar Energy Materials and induced crystallization of amorphous silicon thin films . L

Solar Cells, 2003, 78(1-4): 3-26. Simulation and analysis of film post growth treatment with
[13] MATSUDA A. Growth mechanism of microcrystalline silicon H; plasmas[]]. Jowrnal of Applied Physics, 2006, 100(5) ;

obtained from reactive plasmas[ J|. Thin Solid Films, 1999, 053-514.

337(1-2): I-6.

Effect of Hydrogen Dilution on the Crystallization Behavior of Nanocrystalline
Silicon Films and Their Growth Mechanism

YU Wei, ZHAN Xiao-zhou, LI Bin, XU Yan-mei, LI Xiao-wei, FU Guang-sheng
(Hebei Key Laboratory of Optic-electronic Information Materials, Collegeog Physics Science and Technology »
Hebei University , Baoding, Hebei 071002, China)

Abstract: Nanocrystalline silicon films were prepared by radio frequency plasma enhanced chemical vapor
deposition (RF-PECVD) technique with SiH, and H, precursors. The micro-structure and the bonding
characteristics of deposited films with different hydrogen dilution ratios were studied by Raman scattering
spectroscopy and Fourier transform infrared absorption (FTIR) spectroscopy. The results show that with
the increase of hydrogen dilution ratios, the thin film crystallization rate obviously improves to a certain
extent, however, with the further increase, the film crystallization rate shows a downward trend. The
analysis of infrared absorption spectra shows there is a close relationship between the silicon-hydrogen
bonding model and the crystallization characteristics. With the continuous improvement of the hydrogen
dilution ratios, the SiH; bond density and the total hydrogen content in the film reduce significantly. In
conditions of high hydrogen dilution ratios, the intensification of dehydrogenation reaction lead to the SiH,
bond density and the total hydrogen of film increases, and lead to a decline in the rate of film
crystallization.

Key words: Nanocrystalline silicon films; Crystallization rate; Hydrogen dilution; Growth mechanism



