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�Jp�¬7���p�(¬5U, 3$pª�lfNOrzÆí��ÈEâ�Ä:þ, æ^LÞëê�C
ÚüÚ{�(Ü��{3ÊÏÀæ�.þp��È��. �õÇ�Ý� 2.1 W/cm2, 7�ßÝ3 6%Ú 9.6%�mC
z�, l����ÚÀæ��ÿ�� Raman ¬zÇ��É�±3 2%±S. 7�ßÝ� 9.6%�, ���È�Ç�
� 3.43 nm/s, l����ÚÀæ��ÿ�� Raman ¬zÇ©O� 50%Ú 48%, �É��é�=� 4.0%. Ün��
LÞ�ã�ëêCz, �¦ü���� Raman ¬zÇ��eü���z©:. L²æ^#�{����, Ø=�±
³��¬Èz��/¤, Uõ�¬7���p�(�, ����`���Jø
�°�ëêCz�m.

'�c: �¬7��, �¬Èz�, p��È, $pª�lfNOrzÆí��È

PACS: 81.15.Gh, 68.55.−a, 61.05.−a, 88.40.−j

1 Ú ó

31����>³¥, �¬7!�¬7��U
� (micromorph) >³Ïäk'DÚü(>³�°
�1Ì�AÚd�`³����5�1Ïu>
�n��., ?��
IS	�ï<
�2�'
5 [1−3]. Äu�¬7á�$�1áÂÇ, ��>³
�k�7LPk���þÝ, u´p��ÈÒ¤

�¬7��ïÄ�9: [4]. �{ü�p��È
�{3���ÈÐÏN´�)�þ��¬Èz�,
îK�
�¬7����>³�5U [5,6]. �¢
y�¬7>³���z, Ò7L¦¯)û�¬7�
��`�p��È¯K. �éù�¯K, IS	N
õïÄö?1
ØÓ§Ý�ïÄ [7−10]. k©z�
Ñ, p��È��¬7���¤±Ñy�þ��¬
Èz�, u�>ÐÏ�lfNØ½, ¿�7�
�~~´3Àæ�.þÉ�)�E¤� [6,11]. Ó
�, k<3>f£^���È���Ä:þ, æ^
��lfN?nÚüÚ{�(Ü��{, k�/³
�
�¬Èz��/¤ [12]. �k<39jzÆí
��È{ (HWCVD) ¥, æ^p$��üÚ{�(

Ü��{, Q�y
����È�Ç, q³�
�
¬Èz� [13]. ,	, æ^üÚ{ (k HWCVD �È,
2?1 PECVD �È) ������¬7���`
û5U®²3>³�Çþ���y [14]. �
?�
ÚJp��p�(¬5U, ÿ°��`��¬7�
��ëêCz��, �©æ^©Ú$pª�lfN
OrzÆí��È (VHF-PECVD) {3Àæ�.þ
���¬7��, ¦��¬7��QUp��È,
qU�±p�(��þ!5, =|^cÏ�È�p
�þ�¬7�����Ïp��È���p��
ÚLÞ�, 2^DÚ�pØÑ¦{, ¢y�¬7�
�p��È, �ª��ÿ°`������^��
��8�.

2 ¢ �

¤k�¬7��Ñ´æ^¥I�Æ�!��
Æ¤ìï�¥%ï�� PECVD-X (.o¿>NÍ
ÜªXÚ���. Ù¥, �/>4�» 11 cm, �.
ý�`u 4 × 10−4 Pa, �1-uªÇ� 75 MHz, �
AíNo6þ 150 mL/min. þe4�ål 0.8 cm,
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Ä.�ue4�, §Ý� 220 ◦C. Ñ\õÇ 200 W
�±ØC, �A�õÇ�Ý� 2.1 W/cm2, 7�ßÝ
©O�� 6%, 7%, 8%, 9%, 9.6%. äN�ÈÚ½X
e.

1��ã, æ^´u¬z�$ßÝ!$õÇ!
$Ør^��È�¬7��. 7�ßÝ 2%, õ
Ç 5 W, íNØr 200 Pa. Ù¥, 7�´3��lf
N�> 10 min ��ú\þ�, �A�m 3 min.

1��ã, ��Ør� 900 Pa, N!Ñ\õ
Ç!7�ßÝ�p��È¤I��ëê�, dL§
I� 2 min.

1 n � ã, ( @ ë ê � ? 1 p � � È, �
m 13 min.

æ ^ � ® Ê Û UVWIN 5 . © 1 1 Ý O é
� � þ Ý � Ñ ÿ �. Ù ¥, ò � Ç n � I O
� (3 757.2—952.8 nm Åã, ò�Ç n Cz�ú,
�� 2.6[15]), ����È�Ç´3�Ø�Ð 3 min
�È�þÝ�O��Ñ�. æ^ Reinishaw 2000
. Raman Ì ¤ © O l � � � � Ú À æ � � ÿ
þ Raman Ñ�Ì, ¿dn¸ Gauss [Ü{O��
A� Raman ¬zÇ.

3 (J�?Ø

DÚ PECVD Eâp��È�¬7���, ´
E¤þ��¬Èz�, éJ�yp�(¬þ!. ã 1
´da�¬7��ß�>ºã [16], ã¥IÑ
�
�IG�¬7(�. �C�.�x:L«¬Ø, �
.ÚIG�¬7�m�Ü©Ò´�¬7Èz�.
ù����, �´©Ol����ÚÀæ��ÿ
þ Raman Ñ�Ì, O��Ñ� Raman ¬zÇ¬k
é��É.

ã 1 DÚ PECVD {����¬7�ß�>ºã [16]

É��N1�	òü¬7������Ç'
�$�éu, 3�È�¬7���ÐÏ, �È�Ç

�ØU�p. u´, �¢�æ^©Ú�È�{, kú
��È�yÐÏ��´�¬�, �e52�p��
ÈLÞ, �ª¦��Uì�¬�È�ªp�?1.

3.1 ���¬¬¬777������ Raman ¬¬¬zzzÇÇÇ���777���ßßß
ÝÝÝ���CCCzzz

ã 2!ã 3 ´©Ol����ÚÀæ��ÿ
þ� Raman Ñ�Ì, ã 4 ¥� Raman ¬zÇ´é
ã 2!ã 3 æ^n¸ Gauss [Ü{O����. e
n�ÎÒ�Ll����ÿ�� Raman ¬zÇ, þ
n�ÎÒ�LlÀæ��ÿ�� Raman ¬zÇ, ¿
©O^[Ü�±Ñ
�g�Czª³.

ã 2 l����ÿþ� Raman Ñ�Ì

ã 3 lÀæ��ÿþ� Raman Ñ�Ì

ã 4 ��� Raman ¬zÇ!�È�Ç�7�ßÝ�Cz

018101-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 018101

l ã 4 � [ Ü  � � ± w Ñ, � 7 � ß Ý
l 6%O \ � 9.6%�, � � � � � Raman ¬ z
Çl 72%ü� 50%, Àæ��� Raman ¬zÇ
l 70%ü � 48%. ~ X, 7 � ß Ý 6%�, d �
� � � ÿ � � Raman ¬ z Ç � 72%, d À æ
� � ÿ � � Raman ¬ z Ç ´ 70%; 7 � ß Ý
� 8%�, üö� Raman ¬zÇ©O� 61%Ú 59%;
7�ßÝ� 9.6%�, üö� Raman ¬zÇ©O
� 50%Ú 48%.

ØØ´����� Raman ¬zÇêâ, �´À
æ��� Raman ¬zÇêâÑ�«
õÇ�ÝØ
C�, ��� Raman ¬zÇ�7�ßÝO\eü
�Cz5Æ. �¬7���È�zÆò»�. [17]

@�, �¬7� Raman ¬zÇ� H �fk', ¿�
Ñ H �f´ÏL?\��gL¡ ( uL¡A�
�f�±e) r?/¤d¬�p���(¬�.
�Ù¦^�ØC�, �X7�ßÝ�\�, r¦7
�©)�Ñ�õÇ���O�, ¦��í©)¼�
��f H ¹þü$. Ï~�¹e, Raman ¬zÇ�
¤�c°Ô SiH3 ±�� H �f¹þ���', 7
�ßÝ�\�±9�f H �Øä~��Ó���
� Raman ¬zÇeü.

c[*	ã 4 ¥� Raman ¬zÇCz��
±w�, lü���ÿþ� Raman ¬zÇ�êâ
�3�É. ����� Raman ¬zÇêâÊHp
uÀæ���, ùTÐy²
�¬7���ÈÐ
©�ãE,/¤
�¬Èz�. Ùg, ����
´, ��ÈõÇ�Ý� 2.1 W/cm2 �, =¦7�ß
Ýl 6%Cz� 9.6%, �,����� Raman ¬z
Çl 72%eü� 50%, Àæ��� Raman ¬zÇ
l 70%eü� 48%, �´lÓ��¬�ü���ÿ
�� Raman ¬zÇ��ÉE,�±�±3 2%�
S, �É��é�=l 2.8%Cz� 4.0%. ù`²�
,����3�¬Èz�, �´é�. ddy²©
Ú{�È��¬7��(¢k�/³�
�¬È
z�, Jp
�¬7���ÈÐ©�ã� Raman ¬
zÇ, wÍUõ
�¬7���p�(�.

ã 4 L², �õÇ�Ý3 2.1 W/cm2 �, ü�
����é Raman ¬zÇ��$u 4.0%�7�ß
ÝCz��´ 6%� 9.6%, ÐÚ¢�(JL², ã 4
¥��� Raman ¬zÇÚ�È�Ç�7�ßÝ�
Czª³��±�p7�ßÝ��*Ð, ù`²�
Èëê�`z�m'�°, ���±�â���¬
7��>³�é Raman ¬zÇÚ�È�Ç��¦,

ÀJ·��7�ßÝÚ�ÈõÇ, ¿��±'�$
� Raman ¬zÇ�É.

3.2 ���¬¬¬777������ Raman ¬¬¬zzzÇÇÇ������ÈÈÈ���
mmm���CCCzzz

�(@�©�È�{(¢Jp
�¬7�
��p�þ!Ý, éØÓ�È�m (260, 330, 360,
1080 s) �����?1
 Raman ÿÁ. þÝ©O
´ 80, 240, 320, 2180 nm. ã 5 �Ñ
ù
�¬
� Raman ¬zÇ. Ù¥, 1080a L«l����ÿ
Á� Raman ¬zÇ, 1080b L«lÀæ��ÿÁ
� Raman ¬zÇ.

l ã 5 � ± w Ñ, Ø Ó � È � m 260, 330,
360, 1080 s, éAþÝ� 80, 240, 320, 2180 nm �
��, Ù Raman ¬zÇÑ3 68%NC� 1%�S.
Ù ¥, 1080 s � � � � � � Raman ¬ z Ç © O
� 67.5%Ú 68.1%, ���u 1%. ù`², �©æ
^��È�{Ø�Uk�	��¬Èz��/¤,
��UUõ���p�(�, ¦��©ª±�½
� Raman ¬zÇ�È.

ã 5 ØÓ�È�m���� Raman ¬zÇ

3.3 ���������ÈÈÈ���ÇÇÇ���777���ßßßÝÝÝ���CCCzzz

7�ßÝl 6%O\� 9.6%�, ���þÝ©
O� 2139, 2567, 2765, 2850, 2912 nm (7�Ø
, �
È�m� 1 min).

3ã 4 ¥, m�n�ÎÒL«�È�Ç, �A
�[Ü�£±
7�ßÝl 6%O\� 9.6%�,
�È�Ç�Czª³. �±w�, �õÇ�Ý�
±3 2.1 W/cm2 ØC�, =¦7�ßÝl 6%O\
� 9.6%, ���È�ÇE,��,p, l 2.33 nm/s
O\� 3.43 nm/s. ��5`, �¬7����È�
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ÇÉ�u¤�c°Ô�êþ, ?�7�ßÝ!õ
Ç�Ýr��', ¿ÉØr!íNo6þ�õÏ�
�K�. 7�ßÝé����È�Çäk|��^,
Jp7�ßÝ, U
�5¿v�7�øAþ, ´J
p¤�c°Ôêþ���Ãã. éÑ\õÇó,
���Ñ\õÇ�±Jø�õ�¤�c°Ô, éA
�p��È�Ç. 3�Ñ¦«, 7�øA¿©, �X
õÇ�O\, �5�õ� SiH4 �©)�¤�c°
Ô SiH3, ����È�Ç��Jp [18]. ,, ��
Ñ¦«±�, du�3_��¡�^, �È�Çq
keüª³ [19]. lù��Ý5w, �¢�?u7�
Ñ¦«, �éóõÇ��?uL{G�. \�7
�ßÝ�, L{�õÇ�±©)O\
�7�íN,
¦¤�c°ÔOõ, O\
����È�Ç.

3.4 ���¬¬¬777���������ÈÈÈëëëêêêNNN!!!���ªªªééé������
ppp���(((¬¬¬þþþ!!!555���KKK���

3þã�¬7�� Raman ¬zÇ9�È�Ç
�7�ßÝ�Cz¢�¥, Ø=�Ìn�ã©Ú�
È{, �3LÞ�ãÑæ��úN!ëê��{
5�y���p�(¬þ!5. ~X, �È�1�
�ãæ^7�¢�5\�{, 1��ãæ^Ørg
,,p, õÇ!ßÝ�úCz���, (���l
fNG��úu)Cz, Ï"��Ñp�(¬'�
þ!��¬7��. XJòþã Raman ¬zÇ�
É 2%!�É�é�� 2.8%� 4.0%�¢�(J, �
ã 6 ¥�¢�(J�'�, Ò�Ù/L²=¦U
ìn�ã©Ú�È{�È�¬7��, �´3LÞ
�ãØ´æ��úN!ëê��{, ´æ^'�
¯��ëêN!�{, E¬*�ü�ØÓ��ÿ�
� Raman ¬zÇ���. Ù'�3u�lfNG�
´Ä�úCz, ���Ïp��È�¬7��¤I
��p��ÚLÞ� (½ö{ü/¡�d¬�) ´
Ä¤õ)�, 3�p��ÈLÞ��È�Ç´Ä²
O\, ´Ä¬/¤#��¬Èz�, lO��
¬Èz��þÝ, *�ü�ØÓ��ÿ�� Raman
¬zÇ��É.

ã 6 �Ñ
��� Raman ¬zÇ!�È�
Ç�Ñ\õÇ�Cz�¹, ¢�¥7�ßÝ�
± 9%ØC, Ñ\õÇl 140 W O�� 180 W, L
Þ�ãëê¯�Cz. lã 6 �±wÑ, �Ñ\
õÇl 140 W O\� 180 W �, l����¼
�� Raman ¬zÇê�d 140 W � 60%��þ,
� 180 W � 70%; lÀæ��¼�� Raman ¬zÇ

ê�d 140 W � 48%��þ,� 180 W � 56%. Ó
��¬ü���ÿ�� Raman ¬zÇ�� 12%—
14%, �É�é�*�� 20.0%�m, ��u 3.1 !
�Ñ� 2.8%� 4.0%�¢�(J. þãé'`²

©Ú�È{¥LÞ�ãëê�úN!��5.

ã 6 �� Raman ¬zÇ!�È�Ç�Ñ\õÇ�Cz

3.5 ���¬¬¬777������ XRD ãããÌÌÌ���777���ßßßÝÝÝ���
CCCzzz

Raman Ñ�Ì&ÿ�Ýk�, ·�æ^� Ar
532 nm -1&ÿ�Ý��� 100—200 nm[20], �
U�Ná�L��(¬G¹. �
&ÿ����
�(¬�¹, ·�æ^ XRD 9Ï©Û, ÙÿÁ�Ý
3 4—6 µm ±þ. ü«ÿÁÃã�&ÿ�ÝØÓ,
3�¢�¥�±�pÖ¿!�p<y.

ã 7 �¬7��� XRD ãÌ

ã 7 ´�¬7��� XRD ãÌ, ùpvkæ
^ 3.1 !����¬, ´æ^���m� 6 min
���. d�, 1�!1��ã®²�¤, 1n�
ã�®�¤ 1 min. 6 min �ÈþÝ��� 400 nm.
�±wÑ, �7�ßÝl 6%O\� 9.6%�, �¬
7���A�¸ (111), (110), (311) ¸�þk¤
eü, �²w�3. `²37�ßÝl 6%O\
� 9.6%�¢���S, �,��� Raman ¬z
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Ç�7�ßÝ�O\k¤eü, ���Eäkû
Ð�(¬Ý. ÏL Scherrer úªé�¬7�¬â
º�?1O�, �� 5 ��¬¥ (111) ���¬
âº���� 17.3 nm, ��� 12.2 nm; (110) �
���� 13.8 nm, ��� 7.5 nm; (311) ���
�� 14.3 nm, ��� 7.1 nm; ò 3 �����
�ê�?1²þ, ��¬â��� 13.9 nm, ��
� 12.3 nm. nÜ Raman ©ÛÚ XRD ©Û, �±
wÑ�¢��¬vkÑyn²£��¬Y�, =
üà(¬, ¥mØ(¬, vkÑy Raman ©Û(
¬!XRD ©ÛØ(¬��¹ [21]. `²æ^©Ú�
È, ¿�úN!LÞëê, U�±��p�(��
þ!5.

3.6 ���¬¬¬777������VVV>>>���ÇÇÇ���111¯̄̄555���777���
ßßßÝÝÝ���CCCzzz

ã 8 �Ñ
�¬7���V>�Ç�1¯5
�7�ßÝ�Cz�¹. lã 8 �±w�, �7
�ßÝl 6%O\� 9.6%�, �¬7���V>�
Çl 7.5×10−5 ~�� 1.3×10−6, �dÓ��¬7

ã 8 �¬7���V>�!1¯5�7�ßÝ�Cz

���1¯5, l 12 O\� 78. ��@����¬
7���>�Ç� Raman ¬zÇk�Ø�©�'
X, (¬Ýp, ���V>�Çp, (¬Ý$, ��
�V>�Ç$. Raman ¬zÇl 72%ü� 50%, V
>�Çl 7.5 × 10−5 ~�� 1.3 × 10−6, ù�ª³
�nØ©Û��. �´, é'p�þ�¬7��V
>�Çêâ 10−8— 10−7 S·cm−1, �©�È��¬

7���V>�Ç p, 1¯5 $, ���þ�
k�?�ÚU?.

4 ( Ø

ïÄ
©Ú�È{é�¬7��p�(¬�
þ!5Ú�È�Ç�K�. uy$^©Ú�È{,
¿�ú/N!LÞëê, �±k�/Uõp��
È���p�(¬þ!5; $^©Ú�È{, æ�
LÞëê¯�Cz�N!�{, ��p�(¬þ
!5��ü$. æ^�CëêLÞ{, �õÇ�Ý
3 2.1 W/cm2 �, =¦7�ßÝ3 6%—9.6%��
SCz, �ØK�k�³��¬Èz�, E,UU
õ�¬7���p�þ!5, ¦����ÚÀæ�
�ÿ�� Raman ¬zÇ�É�±3 2%�S, �É
��é�� 2.8%—4.0%. î���LÞ�ã�ë
ê, �U¦ Raman ¬zÇ��ü$� 1%±e. �
´, XJæ^'�¯��ëêN!�{, ���p
�(¬�ÉÒ¬��þ,, �©Oæ� 140, 160,
180 W �Ñ\õÇ�, ��ü���� Raman ¬
zÇ��©O� 12%, 13%, 14%, �É��é�*
�� 20.0%, ��u�CN!�Ñ� 2.8%—4.0%.
`²3©Ú�È{¥, æ^�úN!ëê�LÞ
�{�©�. �õÇ�Ý� 2.1 W/cm2, 7�ßÝ
� 9.6%, �È�Çp� 3.43 nm/s �, E,��Ñ(
¬þ!��¬7��, ����ÿ�� Raman ¬z
Ç� 50%, Àæ��ÿ�� Raman ¬zÇ� 48%,
��=k 2%, �É��é�� 4.0%. ,	, 3�C
ëêLÞ�{¥, =¦7�ßÞ3 6%—9.6%��
�SCz, �Uk�³��¬Èz�, Uõ�¬7
���p�þ!5, ����ÿ�� Raman ¬z
ÇÚÀæ��ÿ�� Raman ¬zÇ�É©ª�±
3 2%±S, �É��é�� 4.0%±e. ù«3p
ßÝ��S©ª�± Raman ¬zÇ�É��5Æ,
²©Û��±UY�mò�. �Ò´`, 3�p�
È�Çe, �,U��Ñ Raman ¬zÇ�É���
���, ù�?�Ú`z�È��Jø
'���
(¹Ý.
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Abstract

To improve the uniformity of crystalline volume fraction (Xc) along the deposition direction in microcrystalline silicon films, very

high frequency plasma enhanced chemical vapor deposition (VHF-PECVD), combined with parameters smoothly changed two-step

method, is adopted to prepare high-rate microcrystalline silicon films on glass subtrates. With a power density of 2.1 W/cm2, silane

concentration between 6% and 9.6%, a difference between Xc measured in the film direction and that in the glass direction, is just 2

percent. With a silane concentration of 9.6%, Xc, measured in the film direction and the glass direction respectively reach 50% and

48%, close to 2 percent, relative difference just 4 percent, whereas the deposition rate reaches 3.43 nm/s. What is more, Xc difference

can reduce to 1 percent by strictly controlling the transitional parameters. It shows that the new deposition method not only curb the

incubation layers and improve the vertical structure, but also give a larger range for film optimizing in the future.

Keywords: microcrystalline silicon thin film, amorphous incubation layer, high-rate growth, very high frequency
plasma enhanced vapor deposition

PACS: 81.15.Gh, 68.55.−a, 61.05.−a, 88.40.−j

* Project supported by the National Basic Research Program of China (Grant No. 2006CB202601).

† E-mail: jxlu@zzu.edu.cn

018101-7


