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ïÄ
� �1�Ä��é InGaP/InGaAs/Ge n(��>³m´>Ø�K�, (JL²m´>Ø�� �1>

 £¥þ�Ä��U±Ï5Cz, Cz�ÌÝ3 1%—4%�m. nØ©Ûy¢
� �1> £¥þ�N��±U

C��>³�ÑÑm´>Ø, ´dun(��>³¬N(�±9AåK���U�(�Ñy��É5�)�. d	,

¢�(ÜnØ©Û, ïÄ
n(��>³m´>Ø�1ìÝ�Cz'X, �Ñm´>Ø�1rCz¤éê'X. [

Ü(J`²n(?é��>³�±{üw¤n�ü(��>³Gé, Ùn�Ïf�C 6, ´dun(��>³¥"

�K��(J.
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1 Ú ó

�X²LuÐ, UI¦�5��. U;�
þ�k�¯Kr¦<a�mu!Ïé!A^#�
O�U. 3.�IFÃÀ�¸9�±Yu
Ð�8U, g,¬r81Ý���U�1>=�
ì� - ��>³�mu|^ [1,2]. �´��>³�
�U|^�1>=�ì��39�A [3] Ú¦>
6 [4] �, ��
Ù1>=��Ç�Jp. Ïd, ¿
©|^��>³á�Ú¬N(���É5, ?Ø 
�1é��>³5U�K�¤�<�'5���
�¡. 8c, ¢�y²
 s ÅÚ p Åì�e���
>³1>6� �1�\��Ýk' [5],  �1\
��Ý¦ Si Ä pn (��>³1>=��Çk²w
�É [6], ©z [7] ��
 GaAs Ä��>³¥�3
 �1�'>fEÜ�áÂ. d	, duõ(��
>³�1>=��Çk"â» 50%[8], Ù1>5U
Úå
<��2�,� [9−13]. ©z [14] �ïÄL

²�±ÏLN�\�1> £¥þ�Ä��Jp
n(��>³¥�ê16f�Æ· [14].

¦+8c�ïÄ(Jw« �1éu��>
³�1>=��ÇkK�, �´� �1éun(
��>³5U�K�§Ý±9K�Å�, Ônþ�
vk�Ñ�ß�ã�. �d, �©¢�ïÄ
� 
�1> £¥þ�Ä��é InGaP/InGaAs/Ge n
(��>³m´>Ø�K�, ±91rCze�m
´>Ø�A5, ¿?1
nØ©Û. ïÄ(J�²

 �1é��>³5U�K�Å�, ±9n(?
é��>³�±{üw¤n�ü(��>³Gé.

�ïÄéu|^n(��>³��É5JpÙ1
>=��Çäk�¿Â.

2 ¢�C�!�¬(�9ÿþ�{

¢�ÿþC��nXã 1 ¤«. Õ��Eúi
)�� InGaP/InGaAs/Ge n(��>³��3�
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\�-1�¶ �. ��>³��¬(�Xã 1(a)

¤«, InGaP f>³!InGaAs f>³±9 Ge f>
³´|^7ákÅzÜÔzÆí�DÈ (MOVCD)

3 p . Ge �.þ÷X [110] ��)�; f>³�
þÝ©O�� 1, 3 Ú 2 µm. InGaP f>³!InGaAs

f>³±9 Ge f>³�1Ì�A¸���3 660,

900 ±9 1800 nm; zü�f>³�mY���B
³^, ³^�þÝ�� 0.03 µm. ��>³¡�º�
� 2 mm×2 mm.

ÿþ��
-u¤kf>³1Ï�A, ��

N´N�\�� �1, �å He-Ne (632.8 nm)

²1-1ÄkÏLëYP~¡, ,�ÏL���
ßº; ����1?\&ÿìÿþ1r, ,	��

ß�1|^�=�Vcºå ; å ����1
r� �-1R�\����>³L¡. ��>
³�½3���±ëY^=�L�þ¡ (Xã 1(b)

¤«), ¢�ÿþ�, ÏL^=L���Ý5���
�>³�\�� �1> £¥þ�Ä���Y
�, =du��>³^=
, \�� �1> 
£¥þ�Ä��vkUC, ¤±��>³�� 
�1> £¥þ�Ä���m�Y�u)
UC.

¢�L§¥z� 10◦ L�ÿþ��>³m´>Ø.

�½L���, UC\� He-Ne -1�rÝ, ÿ
þ��>³ÑÑm´>Ø�1r�Cz. ¤k¢
�3¿§V¿^�e�¤, ��yzgö�^�
�Ó.

ã 1 ÿþ��>³m´>Ø�� �1> £¥þ�Ä��Cz�¢�C�«¿ã (a) �¬(�«¿ã; (b) ��>³SC
±9ÿþL§«¿ã

3 ¢�(J9?Ø

ã 2 « Ñ 
 - 1 ì Ý 3 19.6, 74.0, 130.3

Ú 154.1 lx e, m´>Ø (VOC) �^=�Ý (θ) Cz
�(J. �±wÑ, ��>³²L 360◦ ^=�, m´
>Ø�Nª³Uì±Ï5Å/Cz, Ñyü�¸�
�ü���, ¸ - ��m�CzrÝ3 1%—4%�
m. ü�¸�©O��Ñy3 20◦ Ú 200◦, ü��
�©OÑy3�� 110◦ Ú 290◦; ¸ - ¸� (� - �
�) �m����Ý�� 180◦. ��5¿�´, 3ÿ

þL§¥1�ìÝvkUC, �´\�� �1�
> £¥þ�Ä���éu��>³u)
Cz.

�ó�, \�� �1> £¥þ�Ä���N�
�±UC��>³�ÑÑm´>Ø, �=�±UC
��>³�ÑÑõÇ. dd��, ��>³ÑÑ�
Ç�\�� �1�> £¥þ�Äk�½�'
X.

l ã 1(a) � ¬ � ( � � ± w Ñ,

InGaP/InGaAs/Ge n ( � � > ³ ¬ N ( � ± 9
AåK���U�(�Ñy��É5, Ù¥� �
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-1ld�-u���f��>f�[Ý
��

Qnn′(k, θ) =
2

m0
|ε̂ · Pnn′(k, θ)|2 , (1)

Ù¥ ε̂ ´1 ���þ�ü ¥þ, Pnn′(k, θ) ´�
[Ý
�, nn′ �L>fÚ�Ç�A��. dd�±
wÑ, \�� �1> £¥þ�Ä��K�>f
�[VÇ. �[VÇ��[Ý
�ýé�²�¤�
', ���[VÇ�)é¡�[Ú�é¡�[VÇ.

Ù¥�é¡�[VÇ (IA) �^=�Ý (θ) k±e
Cq'X [15]:

IA ∼ cos(2θ), (2)

¤±, �é¡�[Úå���>³m´>Ø (V A
OC)

kXeCq'X:

V A
OC ∼ cos(2θ), (3)

��>³m´>Ø (VOC) �o>f�[VÇ¤
�', ¤±

VOC = V N
OC + V A

OC

= V N
OC + B cos(2θ + C), (4)

Ù¥ V N
OC ´é¡�[Úå�m´>Ø, B ´�é¡

�[Úå���>³m´>Ø, C ´� £Ä~ê.

¢�(Juy, m´>Ø�^=�ÝÑyü�
¸��ü���X (4) ª¤£ã�'X, �â (4) ª
[Ü1ì� 19.6, 74.0, 130.3 Ú 154.1 lx e VOC � θ

�Cz (Xã 2 ¥¤«[Ü�), ��±e[Üë
ê:

V N
OC ≈ 1.46742 ± 0.00185,

B ≈ 0.01638 ± 0.00289,

C ≈ 184.6763 ± 0.18572;

V N
OC ≈ 1.68587 ± 0.00125,

B ≈ 0.01028 ± 0.00196,

C ≈ 184.54568 ± 0.19926;

V N
OC ≈ 1.75767 ± 0.00041,

B ≈ 0.00806 ± 0.00064,

C ≈ 184.8119 ± 0.08439;

V N
OC ≈ 1.76025 ± 0.00038,

B ≈ 0.00742 ± 0.00061,

C ≈ 184.13812 ± 0.08384.

l[Ü�±wÑ, (JÎÜ�éÐ. é¡�[

Úå�m´>Ø V N
OC �1r�O\O\, �

é¡�[Úå���>³m´>Ø B �~f.

�Ï�U´1rO\�, é¡�[VÇO\, ¤±
�Am´>ØO�. �´�1rO\�, n(��
>³�9�AOr, ¤±���é¡�[VÇ~
�, éAm´>Øeü. l[Ü�� £Ä~ê C

A�vkUC`²du�é¡�[Úå�>f�
[VÇUC=3�½���, �=Tn(��>
³=3\�� �1> £¥þ�Ä�½��k
wÍ� ��'5. 5¿�m´>Ø�CzrÝ
3 1%—4%�m, ù'� �1-u�¬�u��
F1 ��'5��o�þ?�m [16]. Ì��Ï
´1-u��)�16f>fØ
É1Æ(fÑ
�	, ��U3Ñ$L§kÙ¦�O�5Ñ�¦§
�Ô�ÙÄþ©Ù���5, ��� �1ì�e
m´>Ø'F1� ��'5��f.

ã 2 ØÓ1ìe��>³m´>Ø�^=�Ý�Cz

þã©Û)º
n(��>³U�(���
�É5ém´>Ø�K�, @o��É5Ly�
r���ÿ, m´>Ø�1ìÝ�Czª³XÛ?

ã 3 «Ñ
�½L�3 20◦ Ú 110◦ �, ÑÑm´>
Ø�1ìÝ�Cz, uy§�ÑØ´{ü��5'
X, m´>Ø�þ,¥·Ýþ,, ¿�Åìªu�
Ú. ¢Sþ, 1-ue�n(��>³�±{ü/
w¤n�ü(��>³GéXÚ (Xã 3 ¥�ã),

¤±Ùm´>Ø�{üL�Xe [10,17]:

VOC =
Ak0T

q
ln

(
ISC

I0
+ 1

)
, (5)

ª¥, A ��n�Ïfk'�~ê, duü���
>³n�Ïf?u 1 � 2 �m, ¤±ùpéun
�ü(��>³GéXÚ¥Ak 3 < A < 6; k0

108802-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 108802

� Boltzmann ~ê, T �¿§ýé§Ý, q ´>f>
þ, ISC �á´>6, I0 ��ÚV>6.

ã 3 �½L�3 20◦ Ú 110◦ �, ��>³m´>Ø�1ìÝ
�Cz �ã´n(��>³Gé��>´ã

�â (5) ª, ��m´>Ø�á´>6¤é
ê'X, á´>6�1ìrÝ¤�'; ¤±m
´>Ø�1rCzA´éêCz; [Ü¢�(
J (Xã 3 ¥[ÜÜ©) ÎÜ�éÐ. �uyL�
3 20◦ � A ≈ 5.7541± 0.2806, L�3 110◦ � A ≈
5.95741 ± 0.48382, ����ÎÜnØ©Û. n�Ï

fÑ�C 6, �Ï�U´n�ü(��>³GéX
Ú¥, ��k�� pn ()�ØÐ, @o��ì�¥
"�¬��>f�ÇEÜOr, ¦>6O�, l
n(��>³�5UÒ�Cu�n��4+�5
U [18].

4 ( Ø

�©¢�ïÄ
� �1> £¥þ�Ä�
��n(��>³m´>Ø�'X, ¿?1
nØ
©Û; ��>³m´>Ø�� �1> £¥þ
�Ä���Nª³Uì±Ï5Cz, Ñyü�¸�
�ü���, ¸��m�CzrÝ3 1%—4%�m.

¸ - ¸� (� - ��) �m����Ý�� 180◦. n
Øy¢\�� �1> £¥þ�N��¤±U

UC��>³�ÑÑm´>Ø, ´dun(��
>³�¬N(�±9AåK�U�(�Ñy��
É5, l��>f�[VÇ�O�)�. uyn
(��>³m´>Ø�1ìÝ�Cz¤éê'X,

[Ü(J`²n(?é��>³n�Ïf�C 6,

´dun(��>³¥"�K��(J.
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Abstract

In this paper, it is investigated experimentally that the open-circuit voltage of InGaP/InGaAs/Ge triple-junction solar cell is

influenced by the vibration direction of the electric vector of linearly polarized light. The results show that those voltages are subjected

to periodic changes with the vibration direction of the electric vector, and the magnitude of change is about 1%—4%. It is due to the

effect of anisotropy of band structure in the three-junction solar cell,which is confirmed by theoretical analysis. In addition, through

combining the experimental study with theoretical analysis, the relationship between open-circuit voltage and illumination, is studied,

showing that they are related to each other logarithmically, which is different from characteristics of a single-junction solar cell. From

fitting results, it is indicated that the triple-junction solar cells may be regarded as three diodes connected in series, of which the ideality

factor is close to 6. This is due to many defects in three-junction solar cells.

Keywords: three-junction solar cell, linearly polarized light, the vibration direction of the electric vector, open-
circuit voltage
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