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Research of hot wire chemical vapor deposition and

micro-structure of a-SiN_ :H thin film
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Abstract: In order to study the effect of hot wire temperature on the properties of a-SiN :H thin films, by using hot wire

chemical vapor deposition method and using SiH,, NH,, H, as reaction gas source, a-SiN :H films were deposited by changing
the temperature of hot wire. Film luminescent properties, microstructure and bonding characteristics were gotten and analyzed in
detail by means of measurement methods such as ultraviolet-visible optical absorption spectroscopy, Fourier transform infrared
transmission spectroscopy, and photoluminescence spectrum. The results show that, when wire temperature is at 1645°C, H
content reaches greatest, N content is extremely small, film has high refractive index and a large degree of order. When the wire
temperature is at 1713°C, H content decreases, N content reaches exiremes. And then, with the increase of hot wire
temperature, N content decreases and internal defect intensity increases. The results show that the best value of hot filament

temperature is between 1596°C to 1680°C and the refractive index of film is 2. 0. The film, with full nitrogen and hydrogen

contents and stable structure and characteristics, is suit to choose as silicon-based solar cell antireflection film.
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Table 1  Preparation parameters of SiN_ thin films

preparation parameters value

SiH, flow rate 0.8cm?/min

NHj; flow rate 7em® /min

H, flow rate 40cm® /min
deposition pressure 35Pa
substrate temperature 7', 250°C

1596°C. ~1741°C
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Fig.1 FTIR spectra of silicon nitride film at different hot wire temperatures
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Fig.2 Influence of hot wire temperature on chemical bond density of sili-

con nitride film
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Fig.3 UV-visible light transmittance spectra of the sample with different

hot wire temperatures
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Fig. 4 Effects of different hot wire temperatures on E, and E|,
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Fig.5 Room temperature PL spectra of silicon nitride films with different

hot wire temperatures
AN
3 4 i

R I A 22 SAR DU AR i 45 a-SiN: H R,
TF 58 3R 2L 3 P S B R BE A R, S P22 TR
1596°C F1 1680°C P i}, T il £ B BRI 5628 2.0,
BT ek IR R BH R R b 174 5 S R I3 1) 92, I LS
B, A A A& i, MR AR e . W)
i pR S B0 45 SR T, Bl AR 22 00 B ) T, A SRR
Ja T PR AR, &E S TR S R AR R S PR AR AR
HA A2 IR g 1645°C 5 1713C I35 & & 5
R RPN A X2 Si—H 5 Si—N #EHE 2% F v
], AR R BEIR AR5 B4 T SR T BT R

ST A EIE S P2 R BT Si—N SRl EE Y HL A R
M) 5 T 40 i 19 74 A 32 B 52 3 U d o i TR S
ISR R 6 PP A~ ak AR s, DRI P IR Ak 2 SR TR
il AR, B 7 5 ST i S A R
F) 22 e ifa ZE A

& % X #
[1] YUW, MENG L H, GENG Ch L, et al. Structural properties of hy-

drogenated amorphous silicon nitride films deposited by facing targets
sputtering[ J |. Chinese Science Bulletin, 2010, 55(18) ; 1799-1804
(in Chinese).

[2] WANG Y, SHEN D Zh, ZHANG J Y, et al. Influence of thermal an-
nealing on the structural and optical properties of Si-rich silicon nitride
films[ J]. Chinese Journal of Liquid Crystals and Displays, 2005, 20
(1) :18-21(in Chinese).

[3] LIUF Zh, SCOTT W, LYNN G, et al. Amorphous silicon nitride de-
posited by hot-wire chemical vapor deposition [ J]. Journal of Applied
Physics, 2004, 96(5) :2973-2979.

[4] LIAO W G, ZENG X B, WEN G Zh, et al. Photoluminescences and
structure performances of Si-rich silicon nitride thin films containing Si
quantum dots [ J]. Acta Physica Sinica, 2013, 62 (12). 126801-
126805 (in Chinese) .

[5] DUERINCKX F, SZLUFCIK J. Defect passivation of industrial multi-
crystalline solar cells based on PECVD silicon nitride[ J]. Solar Ener-
gy Mater & Solar Cells, 2002, 72(1) : 231-246.

[6] PALOURA E, NAUKA K, LAGOWSKI J. Silicon nitride films grown
on silicon below 300°C in low power nitrogen plasma [J]. Applied
Physics Letters, 1986, 49(2) . 97-99.

[7] LUOZ,LINXY, YUCY, et al Infrared analysis on hydrogen con-
tent and Si-H bonding configurations of hydrogenated amorphous silicon
films[J]. Acta Physica Sinica,2003,52(1) :169-174(in Chinese).

[8] LANFORD W A, RAND M J. The hydrogen content of plasma-depos-
ited silicon nitride [ J]. Journal of Applied Physics, 1978, 49(4) .
2473-24717.

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

[10] WANG M H, LI D Sh, YUAN Zh Zh. Photoluminescence of Si-rich
silicon nitride; defect-related states and silicon nanoclusters [ J ].
Applied Physics Letters, 2007, 90(13) :131901-131903.

[11] LIT, JERZY K, KONG W, et al. Interference fringe-free transmis-
sion spectroscopy of amorphous thin films[ J]. Journal of Applied
Physics, 2000, 88(10) : 5764-5771.

[12] YU W, HOU H H, WANG B Zh, et al. Microstrueture and optical
properties of hydrogenated amorphous silicon nitride films[ J]. Jour-
nal of Hebei University, 2003, 23(3) :253-256(in Chinese).

[13] MAITINEZ F L, del PRADO A, MATIL I, et al. Thermally induced

changes in the optical properties of SiN, :H films deposited by the
electron cyclotron resonance plasma method[ J]. Journal of Applied
Physics, 1999, 86(4) :2055- 2061.

[14] SUNKF, LIZ Q, LI X. Influence of substrate temperature on SiN
thin film deposited by RF magnetron reaction sputtering [ J].
Process Technique and Materials, 2007,32 (6) :516-519 (in Chi-
nese) .

[15] LIAOW G, ZENG X B, WEN G Zh, et al. Photoluminescences and
structure performances of Si-rich silicon nitride thin films containing
Si quantum dot [J]. Acta Physica Sinica, 2013, 62(12) ;126801-
126805 (in Chinese) .



