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XÛJp7Ä����>³�1­½5´7Ä����>³ïÄÚ��zL§¥�~­��¯K. �
Jp
�¬7/�¬7U�>³�1­½5, �©Äk�Ñ
ûÐ1­½5�¬7º>³�(J, ,�­:ïÄ
 N/P �B
(Ú�¬7.>³���7�ßÝFÝéU�>³1­½5�K�. ²LÐÚ`z, ëY1ì 1000 h ��¬7/�
¬7U�>³���1�PòÇ�k 7%.
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1 Ú ó

3¢S¦^L§¥, ��>³I�²{Sg¢
Á!�ºe�!p/$§!p�Ý�ì�4à^�
���. 3ù«�¸eÙ­½5XÛ´'X���
>³�ªUÄ¢SA^�'�Ï� [1−5].

éu�¬7>³
ó, E¤Ù5UPò��Ì
�Ï�´�¬7� S-W �A [1], 
>³.¡Ú|
��µC��UE¤�½�Pò. éu�¬7
ó,
Ù(�'�E,, Qk�¬|©!�¬â|©�¤
�·Ü�á�, q�k�É!¬.�(�"�. Ø
J��, ù��á�9Ù�A��>³�Pòy�
ò�~E, [2,3]. duü(�¬7½ö�¬7>³
��Ç�$, �~^��´üö(Ü�¤ü(½ö
n(U�>³ [4]. Ïd, ÃØ�¬7º>³½ö�
¬7.>³�g�­½5XÛ, �����´U�
>³���­½5.

�¬7/�¬7U�>³�1­½5=��¬
7º>³k', q��¬7.>³k', d	�É
�U�>³(��O�K�. �©Äk�Ñ
ûÐ
1­½5�¬7>³�(J [5], ,�­:ïÄ�¬
7.>³±9 N/P �B(é�¬7/�¬7U�>
³1­½5�K�.

2 ¢�L§Ú^�

�©¥��¬7º>³´3Ô¿ëY PECVD
XÚ¥æ^ 13.56 MHz RF Eâ�È, �¬7.>
³´3 Cluster PECVD XÚ¥æ^ 70 MHz VHF
E â � È. � ¬ 7/� ¬ 7 U � > ³ � ( � �:
glass/SnO2/p-a-SiC: H/i-a-Si: H/n-Si: H/p-µc-Si: H/i-
µc-Si: H/n-a-Si: H/(ZnO) /Al.

�
¼��\O(���>³ØÓ�mã
�PòL§, æ^3�|úi� 7001 õ´m'
� 2420 êi
L(Ü, ± TestPoint V6.0 �²�?
�J[��§S, �O
�@��>³1Pòg
ÄzÿÁXÚ, �;�<�ÿÁL§¥�)Ø�,
�U
Uìýk�OÐ�ÿÁ�mã, é��>
³¢1±Ï5��, P¹>³�'5Uëê (X>
³�á´>6�Ý JSC!m´>Ø VOC!W¿Ï
fFF91>=z�Ç Eff.) �Pò�¹.

1ì¢�æ^�½õÇ� 3 kW ��l��
���[��1
, æ^IO>³I½1ìr
Ý 100 mW/cm2. 31ì¢��L§¥, |^Ì�e
%Y!Ñ9ºÅ��§��é1ì¢���§Ý
?1��, ¦>³�§Ý�±3 50 ± 5 ◦C 3þã
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^�eé��>³ëY1ìPz 1000 h =��u
¿	Æ· 20 c.

3 ¢�(J�?Ø

3.1 üüü$$$777���ßßßÝÝÝJJJppp���¬¬¬777ººº>>>³³³­­­½½½
555���ïïïÄÄÄ

7�ßÝéu�¬7>³�1�­½5k�
~��K�. ÏLü$���¬7�7�ßÝ, ¦
��È3�¬7/�¬7�C��C�¬7��ý,
U
wÍJp�A>³�­½5 [3,5,6]. ¢�¥�
±�¬7>³� p .Ú n .�,�È^�ØC, U
C���¬7�7�ßÝ��
�X�>³, ,�
?11Pz¢�. (JL², �7�ßÝ� 6%�,
>³�­½5�Ð, 1000 ����1�PòÇ=
� 6.02%, 'DÚ7�ßÝ 20%����>³­½
5��Jp, XL 1 ¤«.

3.2 N/P ���BBB(((ééé���¬¬¬/���¬¬¬777UUU���>>>³³³­­­
½½½555���KKK���

3�¬7/�¬7U�>³ N/P �B(¥, �

¬7.>³�I��æ^ p-µc-Si: H, 
�¬7º
>³æ^V N �(�, = N ��)�½þÝ��
¬7 N �Ú�½þÝ��¬7 N �. ·�±c�
ïÄ(JL², ù«V N �U
k�/~�º>
³�¦>y�, ?
Jp>³�m´>ØÚW¿Ï
f [7]. �©?�ÚïÄ
V N �(�éU�>³
1ì­½5�K�. òØÓ N ��U�>³?1

 1000 h �1ìPz¢�, >³ Jsc, Voc, FF Ú Eff.
�8�zPò­�Xã 1 ¤«. �±wÑ, ¤k>
³� Jsc 31ìm©�éá�mS×�ü$, ��
Ä�þvkCz, oN�PòÇÑ3 2%±S; Voc

31ìL§¥vkwÍCz, PòÇ3 1%±S; FF
Pò�~²w, 31ìm©� 200 h �S×�ü
$, ��Åìªu²­; þãëê�Cz�ª��
>³��Çk´3 200 h S×�~$, ��Cz�
é��.

L 1 ØÓ7�ßÝ�¬7º>³1ì 1000 h ��PòÇ

SC of i-layer ∆Voc ∆Jsc ∆FF ∆Eff.

6% 1.45% −2.53% −5.06% −6.02%

20% −3.23% −3.50% −13.02% −18.63%

ã 1 äkØÓ N/P �B(��¬7/�¬7U�>³5U�1Pz�m�Cz
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L 2 äkØÓ n/p �B(� a-Si/µc-Si U�>³Ð©!1000 h 1PzÚò»�5Uëê

n-layer Voc/V Jsc/mA/cm2 FF Eff./%

Ð©(J 1.232 10.304 0.627 7.965

1000 h Pz(J
1.216 10.171 0.523 6.5

26 nm µc-Si (-1.3%) (-1.29%) (−16.59%) (−18.39%)

ò»(J
1.261 10.519 0.579 7.676

(+2.35%) (+2.09%) (−7.666%) (−3.63%)

Ð©(J 1.246 10.586 0.625 8.237

6 nm a-Si +
1000 h Pz(J

1.242 10.481 0.547 7.13

20 nm µc-Si (−0.32) (−0.99%) (−12.48%) (−14.44%)

ò»(J
1.25 10.656 0.595 7.924

(+0.32%) (+0.66%) (−4.8%) (−3.8%)

Ð©(J 1.236 9.582 0.652 7.719

3 nm a-Si+
1000 h Pz(J

1.235 9.502 0.59 6.93

23 nm µc-Si (−0.08%) (−0.83%) (−9.51%) (−10.22%)

ò»(J
1.232 9.77 0.603 7.257

(+0.32%) (+1.96%) (−7.52%) (−5.99%)

�¬7/�¬7U�>³�Ð©5U!1P
z 1000 h Ú3 150 ◦C e²L 1 h ò»��5Uë
êXL 2 ¤«. æ^ü��¬7 N ��, >³o�
PòÇ´ 18.39%, 
æ^V N ��U�>³­½
5²w��Uõ. >³� Jsc Ú Voc ÑU
¡E$
��LÐ©�, 
FF�U
�Ü©�¡E. �V N
�¥��¬7þÝ� 3 nm �, U�>³�­½5
�Ð, 
�¬7þÝ� 6 nm �, U�>³�­½5
�
C�. �½þÝ��¬7 N �U
å�{	�
��^, l
k�/~�º>³�¦>y�; 
�
�¬7 N �þÝ�L�½��, K¬O�U�>³
�Gé>{, �
Ø|u>³�Ð©�ÇÚ1�­
½5. U�>³�Pò¥U
ò»¡E�Ü©5g
u�¬7º>³Ú�¬7.>³¥��¬7|°;

Ø�¡E�Pò�Ü©5gu�¬7.>³�
��¥¬â>.Ø�_�1�"� [3], 
,�Ü©
K5gu>³���.¡, Ù¥æ^V N �� N/P
�B(U
JpU�>³­½5Ò´��éÐ�
~y.

3.3 ���¬¬¬777���������777���ßßßÝÝÝFFFÝÝÝééé���¬¬¬
777/���¬¬¬777UUU���>>>³³³­­­½½½555���KKK���

7�ßÝFÝU
²wUõ�¬7�p�(
�üz, l
Jpü(�¬7>³�Ð©�Ç [8].
ùp·��æ^7�ßÝFÝ�{�È�¬7
.>³����, ¿ïÄØÓ7�ßÝFÝé�

¬7/�¬7U�>³1­½5�K�. ¢�æ^
oÚÚÊÚ7�ßÝFÝ�{, �¬7���þ
Ý ∼ 2.5 µm, Ä��ÈL§Xã 2 ¤«. U�>³
²L 1000 h 1Pz, Ù�5Uëê8�zPòÇ
�1Pz�m�CzXã 3 ¤«. ��ëê�Pò
Ä�þÑu)3c 200 h �S, ��Ä�Ø2Cz,
ªu�Ú. æ^ÊÚ7�ßÝFÝ�{���¬7
���éAU�>³� Voc Ú Jsc PòÇÑ�uæ
^oÚ7�ßÝFÝ�>³� Voc Ú Jsc PòÇ,

 FF �Pòüö��Ø�.

ã 2 ØÓ�¬7���7�ßÝFÝCz

�¬7/�¬7U�>³�Ð©5U!1P
z 1000 h Ú3 150 ◦C e²L 1 h ò»��5Uë
êXL 3 ¤«. �±wÑ, ÊÚ7�ßÝQU
J
pU�>³�Ð©5U, �U
JpÙ­½5. U
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�>³� Jsc Ú Voc ÑU
Ä�¡E$��LÐ©
�, 
 FF �U
Ü©¡E. ò»�Ø�¡E�Pò
é� (< 3%), ùy²õÚ7�ßÝFÝU
~��
¬7����p�(�üz, ¬â>.��éÐ�

ðz, l
=U
~�Ð©"���Ý, �U
³
�1�"���) [9]. ²LÐÚ�`z, �¬7/�
¬7U�>³���1�PòÇ�� 7%.

ã 3 ¹kØÓ�¬7���7�ßÝFÝ��¬7/�¬7U�>³5U�1Pz�m�Cz

L 3 �¬7.>³���æ^oÚÚÊÚ7�ßÝFÝ� a-Si/µc-Si U�>³Ð©!1000 h 1PzÚò»�5Uëê

Voc/V Jsc/mA/cm2 FF Eff./%

Ð©(J 1.254 12.005 0.624 9.398

oÚ
1000 h Pz(J

1.235 11.698 0.579 8.381

7�ßÝ (−1.276%) (−2.557%) (−7.212%) (−10.82%)

ò»(J
1.254 11.885 0.612 9.121

0 (−1%) (−1.923%) (−2.95%)

Ð©(J 1.271 11.56 0.66 9.695

ÊÚ
1000 h Pz(J

1.277 11.438 0.618 9.018

7�ßÝ (+0.472%) (−1.055%) (−6.364%) (−6.97%)

ò»(J
1.282 11.744 0.633 9.531

(+0.866%) (+1.59%) (−4.09%) (−1.69%)

4 ( Ø

�©Ì�éXÛJp�¬7/�¬7U�>³
1­½5?1
ïÄ, ���±e(Ø: �È3�
¬7/�¬7�C���¬7º>³äkûÐ�1

�­½5; æ^Ün�O��¬7º>³�V N �
Ú�DºÇFÝ{�È�¬7.>³���QU

JpU�>³Ð©5U, �U
Jp­½5. ²
LÐÚ`z, �¬7/�¬7U�>³���1�P
òÇ�k 7%.
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Abstract
Improving the light-soaking stability of silicon-based thin film solar cells is a very important issue for industrial production. In

order to obtain high-efficiency a-Si:H/µc-Si:H tandem solar cells with good light-soaking stability, In this paper we first present the
results about a-Si:H top solar cell with high light-soaking stability. Then we mainly investigate the influences of N/P tunnel junction
and silane concentration (SC) profiling of µc-Si:H i-layer on the light-soaking stability of a-Si:H/µc-Si:H tandem solar cells. Up to
now we have been able to obtain a-Si:H/µc-Si:H tandem solar cell with a light-soaking degradation ratio of only 7%.

Keywords: light-soaking stability, a-Si:H/µc-Si:H tandem solar cell, silane concentration profiling, N/P tunnel
junction
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