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ïÄ
ì�(�ëêé p-i-n (� InGaN ü(��U>³5U�K�9ÔnÅ�. �[(Juy: �X InGaN
B�°Ý�O\, InGaN >³�á´>6~�, �Ó�m´>ØO\, � InGaN ��B�°Ý� 1.5 eV �m�, Ó
� p-i-n ( InGaN >³��Ç�p, ¿O�
ØÓþÝ� i �é InGaN >³�Ç�K�. ?�Ú�O�L², ·�æ
^�°��� p-InGaN �/¤É� p-i-n ( InGaN >³�±¼��p�Ç, �´ p-InGaN ��°L��¬��>³
��Ç:ìeü. ïÄ�uy, æ^B�°Ý��� n-InGaN ��±/¤�>|, lO\ p-i-n ( InGaN ��>³
��Ç. ïÄ(JL², ·�ÀJ p-InGaN Ú n-InGaN B�°Ý/¤É� p-i-n (�±Jp InGaN ��U>³�Ç.

'�c: InGaN, ��>³, (�ëê

PACS: 84.60.Jt, 73.40.−c, 73.61.Ey

1 Ú ó

U¯K®²¤����8.uÐ���
�´¶, p�Ç��U>³K�@�´)ûU
¯K����å». 8c����U>³õæ
^ Si, Ge, GaAs �á�, �´ù
á�ÑØU��
CX¤k��1Ì, 7Læ^�Ü�ó²Eâr�
g�>³Géå5, âU��p�Ç���U>³.
¦+Xd, ��1�áÅÜ©E,ØU�¿©|^.
�¡�1n���N� GaN 9ÙX�á� (�
) InN, GaN, AlN 9ÙÜ7) �Ñy, k�U¦�
�U>³�ïÄyG��U*, cÙ´�<�u
y InN �B�°Ý� 0.7 eV ±� [1,2], �� InGaN
á��B�°ÝCz��l 0.7—3.4 eV, A�CX

����1Ì, 3��U>³�A^�¡äké
��då. ISþ®²3 InGaN ��U>³�ïÄ
�¡mÐ
�
ó�, ¿�®²ï�Ñ��U>³
��.ì� [3−6], l8c5w, ISþ����Ð
�=��Ç��� 3%[7]. ,, l8c���5w,

Ä�þÑýuá�)�Úó²Eâ�ïÄ, éu
nØ�ïÄ�~�, ù3�½§Ýþ{N
 InGaN
#.��U>³�?Ú. éu�«#.���U>
³á�, lnØþ?1ì���[Ú�O, �±k
�/��¢S�>³��, Jp>³�Ç.

�©Ì�?Ø
ì�(�ëêé p-i-n (� In-
GaN ü(��U>³5U�K�, �)(�ëêé
Ó� p-i-n ( InGaN >³�Ç�K�, ±9�>|
(�� InGaN >³5U. 3�[O�L§¥, Ì�
ïÄ
ØÓB�°ÝÚ i �þÝéÓ� p-i-n (�
��U>³�K�!p �B�°ÝéÉ� p-i-n (
���U>³�K�±9�>|(���U>³
��O, ©Û
ÔnÅ�, ¼�
Ä�5Æ, `z

(�ëê. ïÄ(Jéu InGaN >³��OÚ��
k�½�ë�Ú��¿Â.

2 �[O�¤æ^�ì�(�9ëê

ã 1 ´�©�[¤æ^� p-i-n (� InGaN >
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³«¿ã, �) p-InGaN �!i-InGaN � (f n .)
Ú n+-InGaN �, In |©�N, 1l�¡\�. �Ä
�¢S�á��¹, 3�©��[O�¥, i-InGaN
��16f (>f) ßÝ�½� 1 × 1017 cm−3, n+-
InGaN ��16fßÝÑ�½� 3 × 1018 cm−3,
p-GaN ��16fßÝ�½� 1× 1017 cm−3. æ^
{IUÜ{Zæ²á�Æ>fá�ó²ïÄ¢�
¿�¤Jø��>1(�©Û (AMPS) ^�éì
�5U?1�[O�, T^�ÏL¦)Ñt�§Ú
ëY5�§, U
é��Nì��A5?1O(©
Û [8,9], cÙ´é��N��U>³A5?1©Û
�kåóä. � � � � � � � �� � � � � � �� � � � � � �

ã 1 �[O�¥¤æ^� p-i-n (� InGaN ��U>³
«¿ã

3 (JÚ?Ø

�©ÏL�[O�, ÄkïÄ
 p-i-n Ó�(
¥ InGaN ��U>³�B�°Ý�'X, ¿é�

�Z�; ,��é�ZB�°Ý�¹� i �þÝ
é InGaN ��U>³5U�K�, ïÄ
æ�Ï
LO� p-InGaN �B�°Ý¢y�p5U�É�
( p-i-n ��U>³, ¿��
`z� p-InGaN B
�°Ý; ���JÑ
�±æ^�>|(�?�Ú
Or InGaN É�(��U>³�5U.

3.1 InGaN BBB���°°°ÝÝÝéééÓÓÓ��� p-i-n (((���>>>
³³³555UUU���KKK���

ÄkïÄ
ØÓB�°ÝeÓ� p-i-n (�
InGaN��>³5U�Cz. �
O((½ InGaN
á��B�°Ýé InGaN >³5U�K�, æ�

Ó� p-i-n (�, = p-InGaN, i-InGaN, n-InGaN � In
|©���Ó. ã 2 ¤«�m´>Ø Voc Úá´
>6 Isc � InGaN B�°Ý�'X. �±wÑ, �
X InGaN B�°Ý�O\, p-i-n (� InGaN >³

m´>ØO\, Ó�á´>6eü. XJ�/¤
1)>6½1)>Ø, \�1�1fUþ7L�u
á��B�°Ý. �XB�°Ý�O\, ��1¥
�k�pUþ�1fâU� InGaN á�áÂ/
¤1)>6, $Uþ�1fØU�á�áÂl�
L¤K, ù�o�1)>6~�. 1)>Ø�1)
>6ØÓ, 1)>Ø� p-i-n (½ p-n) (�Sï>³
� (½ö¤�U?��) ;��' [10], ��5`, 3
Ó��1ì�¹e, Sï>³���, 1)>Ø�
��, �X InGaN á�B�°Ý�O\, m´>Ø
���O\.

� � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �
	 
 � �  � � � � � �� � �� � �� ��� �� ����� � ����

ã 2 Ó� p-i-n (� InGaN ��>³m´>ØÚá´>
6� InGaN B�°Ý�'X

� � � � � � � �� 	 
 � 	 � � 	 � � 	  � 	 � � 	 
 � 	 �  	 �� �� � �� 
� � �� ����
ã 3 Ó� p-i-n (� InGaN ��>³=��Ç�B�°
Ý�'X

��>³�=��Ç�á´>6Úm´>Ø
�¦È¤�' [10], = Eff ∝ VocIsc, ùp Eff L«
>³�Uþ=��Ç, �©O�
 InGaN ��>³
�Ç�B�°Ý�'X, Xã 3 ¤«. �±wÑ, �
X InGaN B�°Ý�O\, >³�1>=��Ç
���O\, �´��½�±�qm©eü, ��
3 InGaN á�B�°Ý� 1.5 eV �m�, >³�1
>=��Ç������ 19.711%. lã 2 ¤«�
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á´>6Úm´>Ø�O�(J5w, �XB�°
Ý�O\, á´>6eü, m´>Øþ,, >³�
=��Ç�ùü��Ñk'X. ����p�=�
�Ç, á��B�°ÝØU���ØU��, 7L
kÜ·�á´>6Úm´>Ø. lã 2 Úã 3 �ê
�O�(J5w, B�°Ý��� 1.5 eV. ¤±, X
J�ï�p�Ç� InGaN ü( p-i-n Ó�(��>
³, InGaN á��B�°ÝATÀJ3 1.5 eV �m.

� � � � � � � � � � � � � � � � �� � � �� � � �� � � �� � � � � � 	� � �� � 	

 � �  � � � �  �� ��� �� ����� � �� !

ã 4 Ó� p-i-n (� InGaN >³�á´>6Úm´>Ø
� i-InGaN �þÝ�'X

� � � � � � � � � � � � � � � � �� � � �� � � �� � � �� � � �� � � �� 		
� �  � � � � � � � �
ã 5 Ó� p-i-n (� InGaN >³=��Ç� i-InGaN �
þÝ�'X

éu InGaN á�B�°Ý� 1.5 eV � p-i-n Ó
�(��>³5`, Ù i-InGaN ��þÝÀJé>
³�5U�k�½�K�. ã 4 ¤«� InGaN >
³�á´>6Úm´>Ø� i-InGaN �þÝ�'
X. �±wÑ, � i-InGaN ��þÝ� 50, 100, 200,
400, 600, 800 Ú 1000 nm �, éA�á´>6©
O� 23.766, 23.788, 24.027, 24.286, 24.419, 24.504
Ú 24.564 mA/cm2, w,�X i-InGaN �þÝ�O
\, á´>6�ÑkO\. m´>ØKØÓ, �
X i-InGaN ��þÝO\, éA�m´>ØÄ��
±� 1.021 V �m, vk²wCz. 1>=��Ç

� i-InGaN ��þÝ�k��'X, Xã 5 ¤«, �
X i-InGaN ��þÝO\, =��Ç�O\. ·�
@��±ù�)º: �X i-InGaN �þÝ�O\,
�õ�\�1f� i-InGaN �¤áÂ, ¿U
9�
��m>|©l/¤1>6, ¤±þÝ��, U

/¤1>6�1)16fê8��õ, Ïdá´
>6�X i-InGaN ��þÝO\O\. m´>
ØKØÓ, �X i-InGaN �þÝ�O\, �,�õ
�1)16fU
/¤1>6, %ØU/¤���
m´>Ø, ùÌ�´É¤�U?�����, ¤±
Ä�þm´>ØÒ�Ú
. =��Ç�á´>
6!m´>Ø;��', Ïd�X i-InGaN �þÝ
�O\, =��Ç�O\. þãïÄ(JL², ·
�/O\ i-InGaN ��þÝ, �±UõÓ� p-i-n (
� InGaN >³5U.

3.2 p-InGaN ������BBB���°°°ÝÝÝééé p-i-n ÉÉÉ���
((( InGaN ������>>>³³³���KKK���

3Ó�(>³¥, duL¡� p-InGaN ��U
áÂéõ1f, �´du*Ñ�Ý���, ù��
¤�)�1)16féõØU/¤1>6, é1>
=��Çvk¢�5��z. XJrù���¤B
�°Ý��� p-InGaN, @o\�1éõUßLù
��� i-InGaN �áÂ/¤1>6Ú1>Ø,
lk�U?�ÚJp1>=��Ç. �©éù�
�B�°Ý�ÀJ?1
�[O�ÚïÄ.

� � � � � � � � � � � � � � ��� �� �� �� �� � � � �� � �� � �	 
 � �  � � � � �� ��� �� ����� � �� !
ã 6 É� p-i-n (� InGaN ��U>³�á´>6Úm
´>Ø� p-InGaN �B�°Ý�'X

ã 6 �ØÓ p-InGaN �B�°Ýe p-i-n É�
( InGaN ��U>³�á´>6Úm´>Ø. � p-
InGaN B�°Ý©O� 1.6, 1.7, 1.8, 1.9 Ú 2.3 eV
�, éA�á´>6©O� 25.763, 27.598, 26.052,
26.131 Ú 4.608 mA/cm2, é A � m ´ > Ø © O
� 1.150, 1.219, 1.225, 1.152 Ú 1.407 V. lù��
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[O�(J�±wÑ, �XB�°Ý�O\, á´
>6kO\,�eü, �B�°ÝO\� 2.3 eV �,
á´>6:ìeü. m´>ØKØÓ, �XB�°
Ý�O\, m´>ØÄ�þ?uþ,G�. éA�
>³=��Ç�k²w�5Æ, Xã 7 ¤«, � p-
InGaN B�°Ý©O� 1.6, 1.7, 1.8, 1.9 Ú 2.3 eV
�, éA�1>=��Ç©O� 24.911%, 28.520%,
26.935%, 25.826%Ú 5.104%. �XB�°Ý�O
\, p-i-n É�( InGaN >³��Çm©O\, � p-
InGaN B�°Ý� 1.7 eV ������; ,�>³
�=��Çeü, �B�°ÝO\� 2.3 eV �, :
ìeü. ��, p-InGaN ��B�°ÝéÉ�(>³
�5UK��~�.

� � � � � � � � � � � � � � ��� �� �� �� �� �	 

��  � � � � � � � � �
ã 7 É� p-i-n (� InGaN ��U>³�=��Ç
� p-InGaN �B�°Ý�'X

�
ïÄ p-InGaN B�°Ýé InGaN >³5
UK��Ån, ·�ïÄ
ÙU�(�. ã 8 ´ p-
InGaN B�°Ý� 2.3 eV ��[O���ì�U
�(�, Ù¥ EC, EV, EF ©O���!d�Ú¤
�U?. �±wÑ, dud���O, 3.¡?/¤

���Ç�³^, XJù�³^'�$, 1)�
ÇéN´�L³^/¤1>6, ¤±3 p-InGaN
�B�°Ý� i-InGaN �B�°Ý�OØ���
¹e, InGaN >³�á´>6'��; �´XJù
�³^pÝép, @o1)16fÒéJ�Lù
�³^/¤>6 [11], ¤±3 p-InGaN �B�°
Ý����¹e, /¤�á´>6Ò¬�~�. ,
	, �,1)�ÇØU�L³^/¤>6, �´U
/¤m´>Ø, ¤±du p-InGaN ��I��A,
� p-InGaN �B�°Ý� 2.3 eV �, m´>Ø��,
�´dud�á´>6��, ¤±1>=��Ç�
é$. þãïÄ(J�L², ·�O\ p-InGaN B
�°Ý, /¤É�(, �±O\ InGaN >³�=�
�Ç, �´� p-InGaN ��B�°Ý���, ¬»

�ì�5U. � �� �� �� � � � � 	 
 � � � � � 	 
 � � � � � 	 

ã 8 p-InGaN B�°Ý� 2.3 eV � p-i-n É�(���
>³�[O��U�(�

3.3 ���>>>||| p-i-n ÉÉÉ���((( InGaN ������>>>³³³
������[[[

þ ã � ì � ( � Ñ ´ ^ 5 ï Ä p-InGaN, i-
InGaN ��(�ëêé>³5U�K�, Ù¢ n-
InGaN ��ëê�Cz��éì�5U�)K�.
XJr n-InGaN ��B�°ÝO\��u i-InGaN
��B�°Ý, @o i-InGaN/n-InGaN �mÒ¬/
¤�����³^�, é1)�Ç/¤���>
|��J, @o�õ�1)�Ç¬�>|×Ñ/
¤1>6Ú1>Ø, l�U?�ÚO\1>=�
�Ç.

L 1 ØÓ n-InGaN B�°Ýe p-i-n É�(��>³�
á´>6!m´>ØÚ=��Ç

B�°Ý/eV Isc/mA·cm−2 Voc/V Eff/%

1.7 26.876 1.266 29.305

1.9 26.820 1.268 29.241

2.3 26.804 1.268 29.219

L 1 ´ØÓ n-InGaN B�°Ýe p-i-n É�
(��>³�á´>6!m´>ØÚ=��Ç,
ùp� p-InGaN, i-InGaN �B�°Ý©O� 1.7
Ú 1.5 eV. � n-InGaN B�°Ý� 1.7, 1.9 Ú 2.3 eV
�, éA�á´>6©O� 26.876, 26.820 Ú 26.804
mA/cm2, é A � m ´ > Ø © O � 1.266, 1.268
Ú 1.268 V, éA�1>=��Ç©O� 29.305%,
29.241%Ú 29.219%. �±wÑ, �XB�°Ý�C
z, InGaN >³�5U�)á´>6!m´>Ø
Ú=��ÇÑvk²w�Cz, n-InGaN B�°Ý
�Czé>³5UK�Ø�. �vk	\�>
|�>³�' (n-InGaN B�°Ý� 1.5 eV), 5U
�´²w��Uõ, vk�>|�éA�=��
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Ç� 28.520%, 	\�>|±�>³��ÇJp

C 1%.

4 ( Ø

�©ïÄ
ì�(�ëêé p-i-n (� InGaN
ü(��U>³5U�K�. �[(Juy, � In-
GaN ��B�°Ý� 1.5 eV �m�, Ó� p-i-n
( InGaN >³��Ç�p; ?�Ú�O�L², æ

^�°��� p-InGaN �/¤É� p-i-n ( InGaN
>³�±/¤I��, l�k|u¼�p�Ç,
�´ p-InGaN ��°L��¬��>³��Ç:
ìeü, »�ì�5U; ïÄ�uy, æ^B�°Ý
��� n-InGaN ��±/¤�>|, lO\ p-i-n
( InGaN ��>³��Ç. �[O�(Jéu p-i-n
( InGaN ��>³�ïÄÚ��k�½����
^.

[1] Wu J, Walukiewicz W, Yu K M, Ager J W, Lu H, Schaff W J, Saiko
Y, Nanishi Y 2002 Appl. Phys. Lett. 80 3967

[2] Davydov V Y, Klochikhin A A, Emtsev V V, Kurdyukov D A,
Ivanov S V, Vekshin V A, Bechstedt F, Furthmuller J, Aderhold
J, Graul J, Mudryi A V, Harima H, Hashimoto A, Yamamoto A,
Haller E E 2002 Phys. Status Solid B 234 787

[3] Jani O, Ferguson I, Honsberg C, Kurtz S 2007 Appl. Phys. Lett.
91 132117

[4] Neufeld C J, Toledo N G, Cruz S C, Iza M, DenBaars S P, Mishra
U K 2008 Appl. Phys. Lett. 93 143502

[5] Berkman E A, El-Masry N A, Emara A, Bedair S M 2008 Appl.

Phys. Lett. 92 101118
[6] Yang C C, Sheu J K, Liang X W, Huang M S, Lee M L, Chang K

H, Tu S J, Huang F W, Lai W C 2010 Appl. Phys. Lett. 97 021113
[7] Dahal R, Li J, Aryal K, Lin J Y, Jiang H X 2010 Appl. Phys. Lett.

97 073115
[8] http://www.ampsmodeling.org
[9] Zhou M, Zhao D G 2009 Acta Phys. Sin. 58 7255 (in Chinese) [±

r§ë�f 2009 ÔnÆ� 58 7255]
[10] Shockley W, Queisser H J 1961 J. Appl. Phys. 32 510
[11] Sze S M 1981 Physics of Semiconductor Devices (2nd Ed.) (New

York: John Wiley and Sons)

168402-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 168402

Influence of structure parameters on the performance
of p-i-n InGaN solar cell∗
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Abstract
The effect of structure parameters on the performance of p-i-n InGaN solar cell is investigated by theoretical calculation. It is

found that the short-circuit current decreases while the open-circuit voltage increases with the increase of bandgap of InGaN material.
The maximal energy conversion efficiency of p-i-n homojunction InGaN solar cell can be obtained when the bandgap of InGaN is
around 1.5 eV. It is also found that the energy conversion efficiency can be improved by appropriately increasing bandgap of p-InGaN
p-i-n heterojunction InGaN solar cell, in addition, the efficiency of p-i-n heterojunction InGaN solar cell may be increased further by
employing the back electric filed structure. The simulation results suggest that performance of InGaN solar cell can be improved by
employing p-i-n heterojunction structure if the appropriate bandgaps of p-InGaN and n-InGaN are adopted.

Keywords: InGaN, solar cell, structure parameters
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