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��
æ^pØ�ª�lfNOrzÆí��È (RF-PECVD) ��p�Çü(�¬7>³Ú�¬7/�¬7U
�>³�A�'�¯K�ïÄ(J, Ì��): 1) ì��þ?���¬7á�ó²I��(½9Ù(�Ú1>5U
L�; 2) Èz��/¤Ån±9~�Èz��k��{; 3) �DºN�Eâé���¬zÇ©Ù9ÙéJp>³5
U��^; 4) p>�!p¬zÇ��¬7 p .I��á��¼�, 9Ùé~��¬7>³ p/i .¡Èz�þÝÚJ
p>³5U��^�. 3)ûþã¯K�Ä:þ, æ^pØ RF-PECVD ���ü(�¬7>³�Ç� 8.16%, �¬
7/�¬7U�>³�Ç 11.61%.

'�c: pØ�ª�lfNOrzÆí��È, �¬7, Èz�, �DºN�

PACS: 84.60.Jt, 85.40.Sz, 68.55.−a, 73.61.Jc

1 Ú ó

�¬7/�¬7U�>³´¢yp�Ç!p
½��>³�k��ª, ´IS1Ï.ú@�7
Ä��>³e��Ì6Eâ [1]. �¬7>³²L
õc�uÐ®²�é¤Ù, ¤±¼�p�Ç�¬
7/�¬7U�>³�:´Jp�¬7.>³�
�Ç [1−3].

8 c, ) � ` � � ¬ 7 á � Ú p � Ç >
³ � ~ ^ � � { � ) $ p ª � l f N O r z
Æí��È (VHF-PECVD)[2]!9jzÆí��
È (HWCVD)[3] ÚpØ�ª�lfNOrzÆí
��È (RF-PECVD)[4] �, æ^þãEâ����
¡Èü(�¬7>³�Çþ�� 9%—10%�Y².
�´3ó�z)�L§¥, æ^ VHF-PECVD ¢
y�¡Èþ!�>³|��¦é>4"\�ª!
>4/G�?1AÏ��O [5], æ^ HWCVD
�9j�Æ·´�¯K [6]. pØ RF-PECVD E
â�±¢y�p��È�Ç [7], �duæ^

 13.56 MHz ��$ªÇ, �¡Èþ!5�N´)
û. ¢Sþ, 8c{I Applied Materials úi [8]!F

� Kaneka úi [9] �)��Ñ´æ^ RF-PECVD
Eâ, F� ULVAC úi)���È�¬7>³
�æ^�-uªÇ´ 27.12 MHz[10]. ,	, 3 Roll-
to-Roll �R5>³)�L§¥, du�.o´?u
$ÄG�, >4må���Czéu�lfN�
½5Ñk���K�, �ªÇ�pK��²w. d
�, pØ RF-PECVD Eâ�w«ÑÙ`³.

�©épØ RF-PECVD Eâ�È�¬7á�
Ú>³L§¥eZ'�¯K?1
�[ïÄ, �ª
¼�
�p�Ç�ü(�¬7>³Ú�¬7/�¬
7U�>³.

2 ¢�L§Ú^�

� © ¥ � ¤ k � ¬ þ 3 Ô ¿ � � ª © ¿
ë Y RF-PECVD � È � � þ � �. - u ª Ç
þ � 13.56 MHz, ^ u á � � � � � . ý � `
u 2 × 10−4 Pa. �
¼�Jpá��þÚ�È
�Ç, ���¬7���æ^
 200—700 Pa ��
pØå, �È�Ç�±�� 3—7 Å/s. ü�á�
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�¬æ^ Corning 7059 Àæ���., �¬7ü
(>³Ú�¬7/�¬7U�>³æ^F� Asahi
úi�O¡ SnO2 �>Àæ; ü(�¬7>³c
>4æ^�I Juelich Jø� ZnO ß²�>�,
ÏLDí�@¡Ñ��GO¡(� [11]. >³�
�>4d7ákÅzÆí��È (MOCVD) �
È� ZnO O�� [12] ±99�u�7á Ag |
¤. ü(�¬7>³(�� glass/ZnO/p-µc-Si:H/i-
µc-Si:H/n-a-Si:H/ZnO/Ag; �¬7/�¬7U�>³
(�� glass/SnO2/p-a-SiC:H/i-a-Si:H/n-a-Si:H/p-µc-
Si:H/i-µc-Si:H/n-a-Si:H/ZnO/Ag.

�©æ^ Renishaw MKI2000 .w� Raman 1
Ì¤, 1� He-Ne -1ì� 632.8 nm �. �
(
½7��¥ O Ú C �¹þ, ò�¬�È3p{ FZ
ü¬7¡þ, 3�I Juelich 1ÏEâ¥%ÿÁ�g
lf�Ì (SIMS). �1�>L§¥��lfN1u
�Ì (OES) æ^Å���3 380—780 nm � PR650
1Ì1ÝO��. á��>ÆA53 100 mW/cm2

�x1ì�^�eÿþ, æ^ý��¾��¡>
4(�. >³�1>=��Ç91� J-V �
3 A ��?�[ìÿÁ¼�, ÿÁ^� AM1.5,
100 mW/cm2, 25 ◦C.

3 ¢�(J�?Ø

3.1 pppØØØ RF-PECVD ���������������¬¬¬777���
ïïïÄÄÄ

3.1.1 �¬7á�ó²I��(½
��ïÄL², ½`��¬7��AT�È

3�¬/�¬�C��C�¬7��ý, �¬7�
�KAT�È3�¬/�¬�C��C�¬7��
ý [1,12,13]. Ïd, XÛ¯�O(/�ä�¬/�¬�
C�¤����~��¯K. Ï~ÏLUC�È
L§¥�7�ßÝ¼��X���¬, ,�ÿÁ�
¬� Raman Ì, ÏL Raman Ì¥ 520 cm−1 ¸��
Ñy5�ä�¬/�¬�C�� �, Xã 1(a) ¤
«. ��±�âá�V>�Ú1¯5�ì�Cz
é��¬/�¬�C�� �37�ßÝ 1.5%, X
ã 1(b) ¤«. �´ù�I��È�X���¬¿?
1ÿÁ, '�Ñ¤�mÚãå. 3��ù�X��
¬�L§¥, ·��é�lfN� OES ?1
u
ÿ, (JXã 2 ¤«. òã 1 Úã 2 é'ïÄuy:
37�ßÝCz�Ó�, �¬ Raman ÌÚ SiH∗/H∗

α

'�Ñ�3X���A�âC«�, =á���
¬/�¬�C�. é7�©)L§Ú�f�3¤�L

§¥��^©Û��, SiH* �ßÝ���N
)�
c°Ô SiHn �Cz,  SiH∗/H∗

α '��Op, AL
²��¡�^�Or, Ï SiH∗/H∗

α '�Cz�±
L«�lfNSÜ�f�� SiHn Äì��é'~
�Cz, ù«Cz�ªK�
)¤á��(�C
z. þã¬zÇ!>�9 SiH∗/H∗

α '��éA'X
y², �±é OES ?1� uÿ, ¿ÏL SiH∗/H∗

α

'��Cz, {ü!¯�/�ä�¬/�¬�C��
 � [13].

ã 1 ØÓ7�ßÝ��¬� Raman Ì (a) ÚV>�Ú1¯
5 (b)

ã 2 1u�ÌrÝÚ SiH∗/Hα '��7�ßÝ�Cz

3é��¬/�¬�C����I�·��Ù
¦�Nó²^�5Jpá��þ. 3�y�¬?u
�¬z�cJe, ·�?�ÚïÄ
õÇé�¬¬
zÇ!�È�ÇÚ>Æ5U�K�, (JXã 3 ¤
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«. �±wÑ, �XõÇ�O�, �È�Ç²{��
kO���Ú2Ñ�~��CzL§, ¬zÇ�²
{aq�CzL§, �´�A�õÇk�½¢�;
1>��õÇ�Cz��, V>�ÅìO�,
�A�1V>�'�~�.

3pØ RF-PECVD �È7��L§¥, õÇ�
Cz¦�7�?uØÓ�Ñ¦G�. �â¬zÇÚ
)��Ç�õÇ�Czª³, ·��±r�lfN
¥7�G�©n«G� [14]: 1) �Ñ¦G� �X
õÇ�O�)��ÇO��¯, ¬zÇ�$�O
��ú; 2) Ñ¦G� )��ÇÄ�ØC, �¬zÇ
�õÇ�O�×�O�; 3) LÑ¦G� )��
Çm©eü, ¬zÇÄ�ØC.

é�«�È^���þ�¬�1V>�!-
¹U!ð½1>�Ìÿþ (CPM) g�áÂ�?1

�[�ïÄ, (JL²p�þ��¬7á�I�
)�3Ñ¦G�, =ã 3 ¥� “B” « [14].

ã 3 (a) õÇé)��ÇÚ¬zÇ�K�; (b) õÇé1!V>
�Ú1¯5�K�

3.1.2 ì��þ?�¬7á��5UL�

3(½
p�þ�¬7á��ó²I���,
?�Ú�[ïÄ
õÇ!7�ßÝ!Øå!�
.§Ý�ØÓ�È^�X�����¬7á��
(�A�Ú1>5U. �
~�íN¥ O À/
�K�, 3���ÈL§¥¦^
Xzì, ¦��

�¬7¥� O ¹þ�±ü$� 6 × 1018/cm3[15].
òá��(�Ú1>5U��¬7ü(>³(
J�(ÜïÄ, o(Ñì��þ?���¬7á
�ATäk�(�A�9Ù1>5Uëê: V>
�3 ∼ 10−7 S/cm þ?, 1¯5�u 102, -¹U
�u 0.5 eV, g�áÂXê�u 3 cm−1, ¬zÇ
3 60%�m, ¬âº� ∼ 30 nm.

3.2 ���¬¬¬777>>>³³³ììì���(((���������OOO

3.2.1 Èz�/¤Ån�ïÄ
��5ù, �¬73)��Ð©�ãÑ¬�3

�½þÝ�Èz�, 3>³¥ùò¬K�16f�
Ñ$, XÛ~�Èz�éuJp>³�Ç�~'�.
Ä��?Ö´�Ù/@£Èz�/¤�Ån9Ù
K��'�Ï�, ,�âU
k��¥/é�~�
Èz��k�Ãã. 3©z [16] ¥·��[ïÄ

ØÓ�1õÇÚØÓ7�ßÝ�È��¬7�
V¡ Raman Ì, ¿é�ÈL§¥��lf1u�
Ì?1
¢�iÿ. ïÄ(JL², 3�lfN�
-u�ÐÏ, du SiH∗/H∗

α '���3�.L¡
/¤���äk�¬z�ª³, �,�lfN�-
u� SiH∗/H∗

α '�×�~�, �¬z�þÝ¿Ø�,
�´§éu��)����¤Ø%äké�K�,
l��Èz���3. O��1õÇÚ~�7�
ßÝ�±~���)�ÐÏ��¬Èz��þÝ.

3.2.2 ~�>³ p/i .¡Èz�þÝ�Eâ
å»

Q,©z [16] �ïÄ(JL²~�7�ßÝ
ÚO�õÇ´~�Èz��k��{, Ïd3��
�¬7ü(>³�, �±kæ^���õÇ½��
�7�ßÝ�È������À� (½ö¡�d¬
�), ,�2æ^�~�^�UY�È. du p/i .
¡Ø==�¦�¬Èz�é�, ���¦¦þ�
�"���Ý, ¤±nÜ�Ä�´æ^~�7�ß
Ý��{�äk�15. 3dÄ:þ, ·�3 VHF-
PECVD p��È��¬7>³¥?�ÚuÐ
ù
«�{, JÑ$� p/i .¡�À�, ¦�¬7>³�
Ç²wJ, [17].

Ùg, �
�\
)�¬7>³é p .�,
�¬zÇ��¦, ?�ÚïÄ
æ^ØÓ¬zÇ p
.�,��>³�(�Ú5U. ã 4 ��¬7>
³¬zÇ� p .�,�¬zÇ�Cz. �±wÑ,
� p .�,�¬zÇ�u 30%�, >³¬zÇ� p
.�,�¬zÇ�O�×�O�; p .�,�
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¬zÇ�u 30%�, �X p .�,�¬zÇ�O
�>³¬zÇO��ÌÝé�. p¬z� p .�
,�k|u���)�ÐÏ¤Ø, ~� p/i .¡È
z�þÝ. �, J. K. Rath Ú P. Delli Veneri �<@
��3þÝ ∼ 30 nm �m���p>�!p¬z
� p .�¬7á�7Lü$Øå, �´·�ÏL`
z�Èëê, �,3 200 Pa ��pØåe, �þÝ
� 33 nm �¼�
��>�Ç� 1.81 S/cm. -¹
U 25 meV!��¬zÇ Xc = 57% � p .�¬7
á�, U
éÐ/���¬7>³�I�� [18].

ã 4 �¬7>³¬zÇ� p .�,�¬zÇ�Cz

ã 5 æ^ð½�Dº�{Ú�DºN�Eâ����¬7�
��¬zÇ�þÝ�Cz�¹

3.2.3 ���N¬zÇ©Ù�K�

�¬7�¬zÇ�þÝ�O�O�, ùE¤

>³ Voc �~�. ùpæ^�DºN�Eâ)�
��á�, =)�Ð©�ãæ^$7�ßÝ, 3±
���ÈL§¥ÅÚO�7�ßÝ5��¬zÇ,
~�¬zÇ�þÝO�O��§Ý, lUõ�
¬7>³¥����p�(�þ!5 [19]. æ^ð
½�Dº�{Ú�DºN�Eâ����¬7�
��¬zÇ�þÝ�Cz�¹Xã 5 ¤«, �±w
Ñ�DºN�U
²wUõ��N¬zÇ�p�

©Ù. òù«Eâ^u>³����, k�Jp

�¬7>³�5U.

3.2.4 p�Ç>³�¼�
ÏLnÜ`zþãK�>³5U���Ï�,

¿æ^ ZnO/Ag EÜ�>45Jp>³�á´>6
�Ý [12], �ªæ^pØ RF-PECVD ��Ñ
�Ç
� 8.16%ü(�¬7>³, �¬7/�¬7U�>³
�Ç��� 11.61%, �A>³� J-V �Xã 6
¤«, �¬7/�¬7U�>³�þf�ÇXã 7 ¤
«.

ã 6 ü(�¬7>³Ú�¬7/�¬7U�>³� J-V �

ã 7 �¬7/�¬7U�>³�þf�Ç

4 ( Ø

�©ÒpØ RF-PECVD ���¬7>³�A
�'�¯K?1
ïÄ, (ØXe:

1) �±^ SiH∗/H∗
α '��ì�Cz«m5{

ü!¯�/�ä�¬/�¬�C�� �, �NõÇ
¦7�?uÑ¦G�U
Jpá��þ;

2) æ^p¬z� p .�,�±93���¬
7)�Ð©�ãæ^$7�ßÝ��{�±Jp
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�¬7>³� p/i .¡5U, æ^�DºN�Eâ
�±UC���¬7�N¬zÇ©Ù¿JpÙ1
>5U;

3) æ^pØ RF-PECVD ���ü(�¬7
> ³ � Ç � 8.16%, � ¬ 7/� ¬ 7 U � > ³ �
Ç 11.61%.
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Abstract
Our recent work on deposition and characterization of hydrogenated microcrystalline silicon (µc-Si:H) thin films and silicon thin

film solar cells prepared by RF-PECVD under high-pressure-depletion conditions is summarized in this paper. Several key issues are
studied in detail: 1) process windows for device-quality µc-Si:H thin films, 2) formation mechanism of amorphous silicon incubation
layer and the effective methods to reduce the incubation layer thickness, 3) modification of crystalline fraction volume of intrinsic
µc-Si:H layers and its influence on the device performance of µc-Si:H solar cells, 4) deposition of high conductive p-type µc-Si:H
window layers with high crystalline fraction volume, and the influence of p-layer on the device performance. After solving the above
key issues, a high efficiency of 8.16% is obtained for µc-Si:H sing-junction solar cell with intrinsic layer prepared by RF-PECVD
under high-pressure-depletion conditions. When it is used as bottom cell in a-Si:H/µc-Si:H tandem solar cell, the efficiency of tandem
cell reaches 11.61%.

Keywords: high-pressure RF-PECVD, hydrogenated microcrystalline silicon, incubation layer, hydrogen dilution
profiling
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