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æ^p H2 Dº� SiH4 �lfN�>, AO´$pª�lfNOrzÆí��ÈEâ´�cp���`��
¬7���Ì6�{. ¦+3¢�þ��
é��â», �Ù�ÈÅn��´ïÄ�9:ÚJ:. �©ÏLïá�
��C�¶é¡�., 3 75 MHz �>ªÇe, é��¬7�È�~�'�$pª>NÍÜ��lfN�>?1

ê��[, ïÄ
�Èëêé�lfNA5�K�, ¿�1u�Ì (OES) 3�iÿ(J?1
'�. (JL²: >f
ßÝ ne 3�lfNN�¥m«���, 
>f§Ý Te 9 Hα � Hβ �ê�Ý3N�Ú}�.¡NC�4��; �í
Øl 1 Torr (1 Torr = 133.322 Pa) O�� 5 Torr �, �lfN>³üNü$, 3N�¥m«� ne k¯�O�,�Åì
~�, Te keü�ªu­½; �X�>õÇl 30 W O�� 70 W, >fßÝ ne 9 Hα � Hβ �ê�Ýþ�5O�, 

>f§Ý Te Ä��±ØC; OES 3�©Û(J��[(JÎÜ�éÐ.

'�c: $pª, ��lfN, ê��[, 1u�Ì

PACS: 52.65.−y, 52.70.−m

1 Ú ó

3L��A�c¥, �lfNOrzÆí��
È (PECVD) 3���ÈÚá�?n�¡kX2�
A^ (X²�w«ì!��U>³�)[1]. AO´é
u7Ä����>³,�
3�±ì�?�þ�c
Je, ¦�U/Jp����È�Ç,   I��
p�-uªÇ, =æ^$pª (VHF) Eâ?1�>,
¿3¢�¥��
é��?Ð. ?�Ú&ÄTL§
�ÔnÅn, �Ð/`z�Èëê±¼�`���
�, ��´<�'5�9:. X Novikova � [2] æ
^��6N�.ïÄ
-uªÇÚíØé H2 �l
fN�>A5�K�; Bhandarkar � [3] Ú Bleecker
� [4] æ^gï��.Ú��6N�.é7��
lfN¥�©fí�ìq�/¤�ÏÐm
�[;
Moravej � [5] æ^��� plug-flow �.é~Ø�
È�¬7���L§?1
�[; Nienhuis � [6] æ
^��6N�.é SiH4-H2 �lfN�>?1

�[, ¿ò�[(JÚ¢�?1
'�; Lee � [7]

æ^��g·A¶é¡�.é�í$pª�>�

7Å!ªÇÚ>��AÐm
�[; �ö� [8] æ
^��O²¡>´�.ïÄ
$pª PECVD �¡
È²1�>4mý�>³�©Ù; Zhang � [9] æ^
��6N�.ïÄ
�¬7���p��ÈL§.
�´3ù
�[L§¥�>í¨õ�$íØ!$
õÇ�¹, ��¢�(J�'�==Û�u���
�È�Ç, �.�¢�m��'5�f. 3�¬7
��È¥, ���[ SiH4 Ú H2 ·ÜíN�>JÝ
��. du�ÈL§¥ SiH4 ßÝ��$u 10%, Ï
d·�b��lfNA5Ì�d H2 �>¤Ì�,
ù�éX H2 �>��[w�c�­�. �©æ^
��¶é¡�.é$pª (75 MHz) pØ��lf
N�>L§?1�[, ïÄ
�>ëêé�lfN
A5�K�,�p�`��¬7��í��AL§
��[C½Ä:.

2 �[�¢�

2.1 ���...ÚÚÚëëëêêê
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¬�[$pª��lfN�1�>L§, T�¬Ï
L3�½�>.ÚÐ©^�eéÜ¦)âf�ë
Y5�§!¤£*Ñ�§!UþÅð�§9Ñt
�§�, ��Ñ>fßÝ!²þ>fUþ!�lf
N³9�lfN¥�Ä�ßÝ�&E.

>fßÝ ne Ú²þ>fUþ Te d>f�ë
Y5�§!UþÅð�§Ú¤£*Ñ�§¦�:

∂

∂t
(ne) + ∇ · [−µeEne − ∇(Dene)] = Re, (1)

∂

∂t
(nε) + ∇ · [−µεEnε − ∇(Dεnε)] + E · Γe = Rε,

(2)

(1) ª¥�>f
 Re Ú (2) ª¥���5-EÚå
�Uþ�� Rε d�.¥�½��lfzÆL§g
ÄO�. ·>| E ½�lfN³ V dÑt�§O
�:

−∇ · ε0εr∇V = ρ. (3)

(3) ª¥�m>Ö�Ý ρ d�.¥��lfzÆL
§�úªO�:

ρ = q

(
N∑

k=1

Zknk − ne

)
. (4)

�[¥Äkïá��AÛ�., Ù(�ëê�
â�¢�¿¥ PECVD �An¿�(� (þe4�
þ��/, �»� 10 cm, þ4�\�ª>Ø, e4
��/) À�. ���.±e4��¥%��I�
:, z ¶ (=p�) ÷4�må��, r ¶ (=î�) ÷
4��»��. du��AÛ´'u z ¶é¡�,
�[¥�O� z ¶m>�«�, Xã 1 ¤«. Ù¥
�lfN�>Ì�8¥3ü4�m�«� (I «),
�
~�O�þ, én¿SÙ¦Ü©�[¥��Ä
4�NC�«� (II «).

ã 1 AÛ�.«¿ã

í��AÜ©Ì��Ä±e 5 ��A�§:

e + H2 → e + H2, (5)

e + H2 → e + H2s, (6)

e + H2 → e + H + Hα, (7)

e + H2 → e + H + Hβ, (8)

e + H2 → 2e + H+
2 , (9)

Ù¥ (5) ª´�5-E�A, (6)—(8) ª´-u�
A, (9) ª´>l�A [10]. þã�AéA�-E�
¡ σ �ã 2[11]. ,	, �.¥��Ä�âf3ì9
L¡��A, Ù¥�)��-u�!lf�EÜ¤
�©f�L§, ��f9Ù-u�EÜ¤�©f�
�A.

ã 2 �í¥>f�-u!>lÚ�5-E�¡

ã 3 $pª�lfN OES 3�©Û«¿ã

2.2 ¢¢¢ ���

æ ^ VHF-PECVD X Ú ¢ � � � l f N �
>, - u ª Ç� 75 MHz, � í 6 þ� 100 sccm
(1 sccm = 1 mL/min), 4�må� 1.5 cm, �>õ
ÇÚíØ�N; æ^ SR-500 .1u�Ì¤ (OES)
é��lfN?13�©Û, ÙÅ���� 300—
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800 nm, ×£Ú�� 0.05 nm, Xã 3 ¤«. ¢�*
	uy, 3�lfNN��}�.¡NC�1rÝ
��, Ïd¢�¥ OES Ì��éT«�?13�
©Û. �©­:©ÛØÓ�>^�e¸ 3 656 nm
NC� Hα Ú 486 nm NC� Hβ ü«-u�, ¿ò
�ö�rÝ'��[(J?1
'�.

3 (J�?Ø

3.1 íííØØØ���KKK���

�-uªÇ� 75 MHz, 4�må� 1.5 cm, �
>õÇ� 40 W ¿�½ØC, ïÄØÓ�>íØ
e���lfNA5. ã 4(a)—(d) ©O�Ñ
í
Ø� 2 Torr (1 Torr = 133.322 Pa) �4�m>fß
Ý ne!>f§Ý Te!>³Ú Hα ê�Ý���©
Ù. Xã 4 ¤«, �lfN�>�y©�ü�«�,
=�lfNN�Ú}�. cö�>4må¥
�
��'�°�«�, 
�ö�>4L¡NC���

�~��«�. lã 4 �±wÑ, >4m�>fß
Ý¥pd©Ù, ¥%?�>fßÝ�p. ùÌ�´
du>fäké���þ (�éulf), ÏdPk
é��9$Ä�Ç, äkp�Ý�>fÉ>^|�
�å��, ¬×�À�4�¿��, l
34�L
¡NC/¤���lf}�; >f§Ý�©Ù%�
�, }�S>f§Ý�p, N�S�>f§ÝCz
'�²�. du�lfNN�¥>¥5, }�kÀ
��>Ö�3, l
/¤�lfNN���, 
3
}�üý×�eü�"�>³©Ù. Hα Ú Hβ 34
�m¥ “ü¸” ©Ù, 3}��N«.¡äk4�,
ù�·��¢�*	(J´���. ��5¿�´,
ã 4(a)—(d) ¥��lfNëê3 z ¶��þCz
��, 
3 r ¶��þØ
34�>�ÑkåÏ	
Ä��±ØC, �Ò´`, �lfN3 r ¶��©
Ù�þ!. Ïd, 3ïÄ�lfNA5��>ëê
�Cz�,·�òþã��©Ùã÷ r = 0 ?��
��, ­:ïÄ z ¶���lfNA5�Cz�¹.
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ã 5 (a) >fßÝ; (b) >³; (c) >f§Ý�íØ�Cz

ã 5�ØÓíØ^�e>fßÝ ne!>f§
Ý Te 9>³34�må (= z ¶) ��þ�©Ù.
lã 5 �±wÑ, �XíØ,p, �lfN>³ Φ

üNeü, }�þÝÅìC�; �íØl 1 Torr O
\� 3 Torr �L§¥, >fßÝ ne ¯�O�, >f
§Ý Te �²weü. UYO�íØ, 3N��}
��.¡NC, ne Ú Te E©O¥O�Úeüª³,
�Cz�Ý�ú; 
3N�¥m«�, Te Ä��±
ØC, ne KÑkü$. ù´Ï�3�$íØe, >
f§Ý Te �p, �XíØO� (1—3 Torr), >f�
�í©f�-E�AÇO�, (6)—(9) ª¥�-u
Ú>l�A�ÇO\, l
¦�>fßÝ ne O�,

Ó�>fUþ��O\, 3Ù¦�>^�ØC��
¹e Te 7,ü$. Te ü$=>f�9$Ä�Çe
ü, >f3>4NC�*Ñ��AÇü$, }�þ
Ý��A~� [10]. 3�p�íØe, �lfNN�
¥m«��>f§Ý Te �$, >fUþ©Ù¥p
Uþ�>fêé�, ÏdíØUYO� (3—5 Torr),
Ì�´O�
 (1) ª�5-E�VÇ, é-uÚ>
l�A�K�é�, Ïd, 3N�¥m«� Te Ä
��±ØC, 
T«� ne eüKÌ�´du�l
fN>³ Φ �íØü$»�
>f�4�¤£*
Ñ$Ä�²ï¤�. 
d�, N��}�.¡NC
� Te E'�p, ÏdT«� ne Ú Te �íØ�C
zª³�$íØ�¹�Ó. ¢�þ, Guo � [12] æ^
KD�&�!1u�Ì¤Ú�Ì¤�é$pª>
NÍÜ�lfN?1
L�, Ù¥íØ�Cz��
� 5 mTorr—10 Torr, ¦�uy, �íØ�$�4�
¥%�>f§Ý�XíØ�,p
eü, ��íØ
�L 2 Torr �4�¥%�>f§ÝKÄ��±Ø
C. þã¢�(J�ã 5(c) ¥>f§Ý�Czª³
´���.

ã 6 $pª��lfN OES ã

ã 6 ´¢����;.���lfN OES. 3
Tã¥Ø
 u 656 nm NC� Hα Ú 486 nm NC
� Hβ ùü« H �f-u�	, ��±�Ù/w�
 u 463 nm 9 580—640 nm � H2 -u�Ú-u
°�, Ù¥ Hα �u�rÝ��.�
��[(J�
'�, ¢�¥©O3 1—5 Torr íØé��lfN
?13�©Û, ¿O�
ØÓíØe Hα Ú Hβ �1
u�rÝ'. ã 7 �Ñ
�[���N��}�.
¡NC Hα Ú Hβ �ê�Ý9�ö�'��íØ�
Cz'X, ã¥J��¢���� Hα Ú Hβ �1u
�rÝ'. du Hα ' Hβ �-uUþ$, ã 7 ¥ Hα
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�ê�Ý��pu Hβ, ù�ã 6 ¥� OES (J´
���, 
��ö�'��íØ�Czª³�¢�
(J�ÎÜ��Ð. ,	, ã 7 ¥ Hα Ú Hβ �ê�
Ýþ�íØ�,pkO��~�, ùw,´´>f
ßÝ ne Ú>f§Ý Te nÜ�^�(J.

ã 7 Hα Ú Hβ �ê�Ý9Ù'� Hβ/Hα �íØ�Cz

3.2 ���>>>õõõÇÇÇ���KKK���

�>õÇ´K��lfN1��q�­�ë
ê [13]. ùp��íØ� 2 Torr, 4�må� 1.5 cm
¿�±ØC, �[ØÓõÇe���lfNA5.
ã 8 � z ¶��>fßÝ ne!>f§Ý Te Ú�
lfN³�õÇ�Cz�¹. lã¥�±wÑ, �
X�>õÇO�, >fßÝ ne Ú�lfN³þü
NO�, 
>f§Ý Te Ä�ØC, =3�lfNN
��}�.¡NC«� Te �õÇ�O�ÑkO�.
©z [12] ¥�¢�(J�L², 3õÇl 30 W C
z� 70 W �, $pª>NÍÜ��lfN�>�
õÇé>f§Ý�K�Ø�. ��, �>õÇ�O
�Ì�´\¯
�©f�©)!-uÚ>l�Ç,

>f3TL§åXD4Uþ��^.

ã 9 �Ñ
�[���N��}�.¡N
C Hα Ú Hβ �ê�Ý9�ö�'��õÇ�C
z'X, ã¥J��ØÓ�>õÇe OES ��
� Hα Ú Hβ �1u�rÝ'. �XõÇO�, Hα
Ú Hβ �ê�Ýþ�5O�, ÙCzª³�ã 8(a)
¥ ne �Czª³�Ó, ùw,´du (6)—(9) ª
��A�Ç�õÇO�¤�. Chingsungnoen � [14]

3 CH4/H2 Ú C3H8/H2 �ª�>� OES ©Û¥�
��aq�(J. ,	, ã 9 ¥�[���� Hα
Ú Hβ ê�Ý�'��õÇCzØ�, � OES (J
ÎÜ�éÐ.
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4 ( Ø

�©ÏLïá���C�¶é¡�., ¿(
Ü OES 3�iÿEâ, é$pª>NÍÜ��lf
N�>A5?1
ïÄ. ���Ì�(ØXe: �
�lfN3 r ¶��þ�þ!, 
3 z ¶��þd
u}���3��lfNëêCz��; íØÚ�
>õÇé�lfN>³!>fßÝ9 Hα � Hβ �

ê�ÝK���; �íØ$u 3 Torr �, >f§Ý
�íØO�
eü, UYO�íØ>f§Ý Te ª
u­½, �>õÇ (l 30 W Cz� 70 W �) é>
f§Ý�K��é�; �[��� Hα � Hβ ê�Ý
�'��íØÚõÇ�Czª³� OES 3�©Û
(JÎÜ�éÐ. þã(J�?�Ú�[�¬7�
��È�í��AL§C½
Ä:, ����Èë
ê�`zJønØë�.
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Abstract

In the high rate deposition of device grade microcrystalline silicon films and their solar cells, plasma enhanced chemical vapor

deposition excited using very high frequency (VHF) has become a mainstream method. Although, great breakthroughs in the experi-

ment are achieved, the depositional mechanism is still a research hot spot and difficulty point. In this paper, the capacitively-coupled

hydrogen plasma discharge at VHF is simulated. A two-dimensional, time-dependent axial symmetry model is adopted at a frequency

of 75 MHz, and the influences of pressure and plasma power on hydrogen plasma characteristic are simulated. At the same time, the

hydrogen plasma is monitored on-line using the optical emission spectrometry in experiment. The results show that the value of the

electronic concentration ne takes a maximum in the middle of the plasma bulk, while the electron temperature Te and the number

densities of Hα and Hβ each have a maximal value at the place near the sheath and plasma bulk; the potential decreases with pres-

sure increasing from 1 Torr to 5 Torr, the electron concentration in the plasma bulk first increases with the increase of pressure, then

decreases with the further increase of pressure, but the electron temperature first decreases and then keeps stable in plasma bulk; the

electron concentrations, Hα and Hβ increase linely with power increasing from 30 W to 70 W, but the electron temperature keeps stable.

The experimental results and simulation results are in good agreement.

Keywords: very high frequency, hydrogen plasma, simulation, optical emission spectroscopy

PACS: 52.65.−y, 52.70.−m
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