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n-ZnO:Al/i-ZnO/n-CdS/p-Cu2ZnSnS4 ������UUU
>>>³³³111ÏÏÏAAA555���©©©ÛÛÛ*

NZ< �eà†

( uHnó�Æ>f�&EÆ�, 2² 510640 )

( 2011 c 12 � 22 FÂ�; 2012 c 3 � 13 FÂ�?Uv )

äkp1áÂXê���N Cu2ZnSnS4 (CZTS) ��´�«#.��U>³á�. �©é n-ZnO:Al/i-ZnO/n-

CdS/p-CZTS (�� CZTS ����U>³?1©Û, ?Ø CZTS ����,ßÝ!þÝ!"��Ú CdS ����
,ßÝ!þÝé��U>³=��Ç�K�±9��U>³�§ÝA5. ©ÛL², CZTS ������U>³�
Ì�1áÂ�, CZTS ����,ßÝÚþÝ���é��U>³�=��ÇkwÍK�, CZTS ��(�"���
�3¬����U>³5U�eü. CdS �À���,ßÝ!þÝé��U>³1ÏA5�K���. ²(�ë
ê`z��� n-ZnO : Al/i-ZnO/n-CdS/p-CZTS ����U>³��Z1ÏA5�m´>Ø 1.127 V!á´>6�
Ý 27.39 mA/cm2!W¿Ïf 87.5%!=��Ç 27.02%, =��Ç§ÝXê� −0.14%/K.

'�c: Cu2ZnSnS4 ����U>³, 1áÂ, =��Ç

PACS: 73.40.Lq, 88.40.jn, 88.40.H−

1 Ú ó

����U>³��1����U>³E
â, Ïäk$¤��`³
¤��c�ïÄ9:.

Cu(In,Ga)Se2(CIGS) ����U>³�1>=��
Ç®�� 20.3%, ´8c=��Ç�p�����
U>³ [1]. �´ CIGS ��¥� In, Ga, Se ��á
uDB��, J±k�ü$��U>³�¤�. o
�zÜÔ Cu2ZnSnS4(CZTS) �@�´�«k"O
� CIGS ���U>³áÂ�á�. CZTS ´^í
d�ÃÓ� Zn, Sn, S ��©OO� Cu(In, Ga)Se2

� In, Ga, Se ��, äk��Ô¶(�� CIGS �q
�¬N(� [2−4]. CZTS äk 1.4—1.5 eV ����
Y [3−5], Ù�Y��Cü(��U>³��Z�Y
�. CZTS �áÂXê� 104 cm−1 êþ?, ·Üu
����U>³�áÂ� [5−7].

IS	�ïÄ�|®©O^�u!^�í

� ! > z Æ ! M � v � ! z Æ Y ú � � { �
� CZTS ��, ?
���Ñ CZTS ����U
>³ [8−17]. 8c, ¢�¿���Äu CZTS ���
��U>³��p=��Ç®� 10.1%[17]. CZTS

����U>³�(��) a-Si/CZTS[8], ITO/n-

CdS/p-CZTS[9], ITO/i-ZnO/n-CdS/p-CZTS[10,11], n-

ZnO:Al/n-CdS/p-CZTS[12−14] Ú n-ZnO:Al/i-ZnO/n-

CdS/p-CZTS[15,16] �. Ù¥ n-ZnO:Al/i-ZnO/n-CdS/

p-CZTS (�äk n-ZnO:Al Ú i-ZnO ü�I��.

ùü«á���>Ç!ß1ÇÚ�fÆ·U÷v
��I����¦. 3 ZnO I��Ú CZTS áÂ�
�mÚ\ CdS ���À�, ±~�I��ÚáÂ�
�m��Y��Ú¬���, ù´ CZTS ����
U>³�����Ün�(�.

,��¡, é��U>³?1nØO�´©
Û��U>³1ÏA5!`z��U>³(��
å»��. 8c, ÿ���'u n-ZnO:Al/i-ZnO/n-

CdS/p-CZTS ����U>³nØO����. �

* 2À��EOy (1OÒ: A1100501) ]Ï��K.

† E-mail: phrhyao@scut.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

187304-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 187304

©é n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³?
1©Û, 3©Û1áÂÚ1)16f©lÂ8L§
�Ä:þ, é>³�(�Úá�ëê?1`z, ±
Ï����U>³��Z1ÏA5.

2 ì��.

ã 1 � n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U
>³�(�«¿ã, 1l n-ZnO:Al I���ý\
�. �âTì��., ÏLéÑt�§!>f/�Ç
ëY5�§Ú>f/�Ç>6�Ý�§�éá¦),

��ì��9²ïA5Ú31ì^�e��6A
5, �)U�ã!1)16f�)EÜÇ!>6�
Ý©Ù!16fßÝ!>6 - >Ø (I-V ) Ú1Ì�
A�ì�A5, l
��K���U>³1ÏA5
�Ï�.

�©|^�I²0¿[y�á��U
¥
%mu� AFORS-HET (Automat FOR Simulation of

HETerostructures) §S [18] ?1 n-ZnO:Al/i-ZnO/n-

CdS/p-CZTS ��U>³�O�©Û. L 1 �Ñn
ØO�¥é n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U
>³� ZnO �!CdS �Ú CZTS ��Ônëê�
�. CdS Ú CZTS �Ônëê�g©z [19], ¿�

� CZTS ��,ßÝ!þÝ!"���ÝÚ CdS

��,ßÝ!þÝ�Cþ. ZnO �ëê��À
^ AFORS-HET §SJø� ZnO ê�. 1Æ�.À
^ Lambert-Beer �.. �[1ì^�� AM1.5, õ
Ç�Ý 100 mW/cm2, k�Å��� 300—1200 nm.

CZTS �1áÂXê�g©z [8]. �{zO�, >
.^��7á - ��N²��>, c�>4�>�
î0�>. � � � � � � � �� � � � �� � � 	 
� � � � � 


ã 1 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS � � U > ³ ( �
«¿ã

L 1 CZTS ��U>³O�¤^ëê��

ëê n-ZnO:Al i-ZnO n-CdS p-CZTS

þÝ/nm 200 50 Cþ Cþ

0>~ê 10 10 9 10

>f�ÚU/eV 4.4 4.4 4.5 4.5

B�°Ý/eV 3.4 3.4 2.4 1.5

��k���Ý/cm−3 2 × 1018 2 × 1018 1.8 × 1019 2.2 × 1018

d�k���Ý/cm−3 2 × 1018 2 × 1018 2.4 × 1018 1.8 × 1019

>f[£Ç/cm2·V−1·s−1 20 20 350 100

�Ç[£Ç/cm2·V−1·s−1 20 20 50 25

�Ì�,ßÝ/cm−3 1 × 1018 — Cþ —

ÉÌ�,ßÝ/cm−3 — — — Cþ
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3 (J�?Ø

3.1 111áááÂÂÂÚÚÚ111)))111666fffÑÑÑ$$$©©©ÛÛÛ

3 Lambert-Beer 1Æ�.¥, 1Ïþ3ì�¥
�©Ù Φ(λ, x) ��êáÂ�., =

Φ(λ, x) = Φ(λ, 0) exp[−α(λ)x], (1)

ª¥ x ���U>³SÜ�L¡�ål, λ �Å�,

Φ(λ, 0) ���U>³L¡?�1Ïþ, =\�1Ï
þ, α(λ) �áÂXê. Lambert-Beer �.Ø�Ä�
�U>³SÜ.¡?�1��, \�1����u
)3��U>³c�>L¡?, 3��U>³SÜ,

\�1�DÂ��Øu)UC. d (1) ª, 3��U
>³SÜ1)16f��)Ç Ge(x) �

Ge(x) = − d
dx

∑
i

Φ(λi, x). (2)

� n-CdS Ú p-CZTS � þ Ý © O � 50 nm

Ú 2 µm �~?1O�, ã 2 � n-ZnO:Al/i-ZnO/n-

CdS/p-CZTS ��U>³�1)16f��)Ç
©ÙO�(J, ã¥^J�L«���N��.
¡. n-ZnO:Al I����� Ge ����U>³
L¡?� 1.63 × 1019 cm−3/s, Tê�' n-CdS �
Ú p-CZTS ��g��� Ge ��ü�êþ?±
þ. ù´du ZnO �B�°Ý�� 3.4 eV, áu
°B�á�, Ã{k�áÂUþ�u 3.4 eV (Å
��u 365 nm) �\�1f, ¤±3O��k�
Å���S (300—1200 nm), ZnO ��1áÂ�
'u n-CdS �Ú p-CZTS �´�±�Ñ�, ùL
² ZnO �äkûÐ�I��^. n-CdS �� Ge �
0u 2.06 × 1021 cm−3/s Ú 3.23 × 1021 cm−3/s �
m, `² n-CdS �À�Uk�áÂ1f¿�)1
)16f. ��U>³�1)16f�)Ç��
� 8.92×1021 cm−3/s Ñy3 n-CdS/p-CZTS .¡?
� p-CZTS �ý. 3 p-CZTS �SÜ, Ge ���>4
���êªeü. 3 x = 2.3 µm ? (éA� p-CZTS

þÝ� 2 µm), Ge �eü� 1.05 × 1019 cm−3/s, �
���� 0.118%, `² p-CZTS � 2 µm �þÝv
±áÂ�Ü©\�1, þÝ2UYO\�é\�1
áÂ�O\é�. '�1)16f�)Ç3��¥
�©Ù�uy, p-CZTS �´��U>³�Ì�1
áÂ�, ù� CIGS �3 CIGS ��U>³¥��
^´�Ó�.

1 ) 1 6 f � Â 8 L § � Ï L ã 3 � n-

ZnO:Al/i-ZnO/n-CdS/p-CZTS (��9²ïU�ã
?1©Û. 3ã 3 ¥, �>³cL¡?�ý�U
? � U þ E � " :, © O O � � � . Ec! ¤
� U ? EF Ú d � º Ev 3 � � U > ³ ¥ � ©
Ù. � n-CdS ��þÝÚ�,ßÝ©O� 50 nm

Ú 1 × 1017 cm−3!p-CZTS ��þÝÚ�,ßÝ
©O� 2 µm Ú 1 × 1016 cm−3 �~?1©Û. �
âã 2, 1)>fÚ1)�ÇÌ�3 n-CdS �Ú p-

CZTS �¥�), 3Sï>|��^e, 1)>f¤
£�cL¡?, 1)�Ç¤£��L¡?, l
3
>³üà�)1)>Ä³. éu1)>f�Ñ$,

I�ÄÉ�(�.¡?��Ö��K�. �â�
�NÉ�(nØ, du n-CdS Ú p-CZTS �>f�
ÚU�Ó, 3 n-CdS/p-CZTS .¡?vk��Øë
Yy�, Ø¬é1)>f�Ñ$�)K�. i-ZnO/n-

CdS .¡?���Ö�/¤>f³^, du��Ö
��=� 0.1 eV (ZnO Ú CdS �>f�ÚU��),

Ø¬é1)>f�Ñ$�)wÍ�{N�^. éu
1)�Ç, i-ZnO/n-CdS .¡Ú n-CdS/p-CZTS .¡
?�d�Ö�vk/¤k¸/G, Ø¬é n-CdS �
Ú p-CZTS ��1)�Ç��>4��Ñ$�){
N, Ó�U
~�1)�Ç�c>4����*Ñ,

éuJp1)�Ç�©lÂ8�Ç´kÃ�, �±
~���U>³����Ú>6.

ã 2 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³1)16
f�)Ç©Ùã

3.2 CZTS ��� ëëë êêê ééé ��� ��� UUU >>> ³³³ AAA 555
���KKK���

� â 3.1 ! é n-ZnO:Al/i-ZnO/n-CdS/p-CZTS

��U>³Ä�1ÏA5�©Û, �±éT��
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U>³���á��A5ëêé��U>³1Ï
A5�K�?1©Û, ÏLO�
�� n-ZnO:Al/i-

ZnO/n-CdS/p-CZTS ��U>³`z(�ëêÚ�
ZÑÑ1ÏA5. �!O�©Û CZTS áÂ���
,ßÝ!þÝ!"���Ýé��U>³1ÏA
5�K�.

ã 4 � n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U
>³=��Ç η � CZTS ���,ßÝ NA Úþ
Ý d1 'X�O�(J. 3O�L§¥, CZTS ��
�,ßÝÚþÝ��Cþ, �,ßÝ�����
� 1 × 1015 cm−3—1 × 1018 cm−3, þÝ����
� 0.5—3 µm, Ù¦ëê�±ØC. � n-CdS ��þ
ÝÚ�,ßÝ©O� 50 nm Ú 1 × 1017 cm−3 �~
?1O�. �{z$�, kØ�Ä CZTS ��"��
��^. dã 4(a) �±wÑ, � CZTS ���,ß
Ý�±ØC�, éAu 4 ��,ßÝ�, ��U>³
=��Çþ� CZTS �þÝ�O\
üNO\. é
u=��Ç� CZTS ��,ßÝ�'X, dã 4(b)

�±wÑ, �þÝ�u 0.75 µm �, =��Ç��

,ßÝ�O\
üNO\; �þÝ�u 0.75 µm �,

=��Ç��,ßÝ�mØ�3üN�Cz'X,

éuþÝ� 0.25 µm Ú 0.5 µm ü���, =��
Ç����þÑy3�,ßÝ 1 × 1016 cm−3 ?.

3 CZTS ���,ßÝÚþÝ�O���S, ��
,ßÝ� 1 × 1018 cm−3!þÝ� 3 µm �, =��
Ç�����.

ã 3 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³9²ïU�ã
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ã 4 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³�=��Ç η � (a)CZTS ��þÝ d1 Ú (b) �,ßÝ NA �Cz'X

CZTS �þÝ���U>³=��Ç�Cz'
X��Xe)º: � CZTS �þÝO\�, ��U
>³U
áÂ�õ�\�1, ÏdUJp��U>
³�á´>6Ú=��Ç; ,��¡, � CZTS �þ
ÝO\��L1)16f�*Ñ�Ý�, 1)16
fÃ{�k�Â8, d�á´>6Ú=��Çm©
eü. 3ã 4(a) ¥, =��Ç´�þÝüNO��,

�Ñy=��Ç¸�, `² CZTS ��1)16f
*Ñ�Ý�L 3 µm. ,	, � CZTS þÝ�L 2 µm

�, =��Ç�þÝ�O�ª³C�, ª�u�Ú.

�â 3.1 !�©Û��, CZTS �þÝ� 2 µm �®

U
áÂ�Ü©\�1, þÝ2UYO\�, U

O\�é\�1�áÂ®é�, Ïd3���1)
16f*Ñ�Ý�, ¬Ñy=��Çª��Ú�y
�. éu CZTS ��U>³�A^, �~��E¤
�, � 2 µm � CZTS ��þÝ´v
�.

CZTS ���,ßÝ¬K���U>³�Sï
>³Ú16fEÜ. ��¡, CZTS �ÉÌ�,ß
Ý�O�¦ CZTS ��¤�U?��Cd�º, l

O� CZTS �>f�ÚUÚ��U>³�Sï
>|rÝÚoSï>³�, �±Jpé1)16
f�Â8�Ç, Jpm´>ØÚ=��Ç. ,��
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¡, >fÚ�Çl���d����EÜÚ16
f��EÜVÇ��,ßÝÚ16fßÝ�O�

O�, ¦1)16f�ßÝ!1)>6�ÝÚ=
��Çeü. CZTS ��,ßÝü�¡�^é��
U>³A5�K�´���. lã 4(b) �±wÑ,

� CZTS �þÝ�u 0.75 µm �, CZTS ��,ß
ÝéSï>³��^åÌ��^; � CZTS �þÝ
�u 0.75 µm �, CZTS ��,ßÝéSï>³Ú
16fEÜü�¡�nÜ�^¦=��Ç�Cz
Ñy¸�.

2?�Ú�Ä CZTS "��é��U>³A
5�K�. 3¢S� CZTS ��U>³¥, CZTS

�¥�3�(�"��ò3 CZTS �B�¥mÚ
\"��U?, "����1)16f� SRH E
Ü¥%, òO�1)16f�EÜVÇ, ���
��Ú>6�Ý�O�Úm´>Ø!á´>6
�Ý!=��Ç�eü. �½þ©Û CZTS �"
��é��U>³=��Ç�K�, éþã�p
=��Ç� CZTS ��U>³(� (CZTS ��
,ßÝ 1 × 1018 cm−3!þÝ 3 µm) � CZTS �
Ú\"��, "���ÉÌ., "��U? �
� Ev+0.3 eV, ±"��ßÝ Nt ��Cþ, Nt ��
��� 1×1010 cm−3—1×1020 cm−3. ã 5 � CZTS

��U>³�1ÏA5� CZTS �"��ßÝ Nt

�Cz'XO�(J. lã 5 �±wÑ, �"��
ßÝ�u 1 × 1014 cm−3 �, m´>Ø Voc!á´>
6�Ý Jsc Ú=��Ç η Ä��±ØC, CZTS �
"���EÜÿ�åwÍ�^. �"��ßÝ�
L 1 × 1014 cm−3 �, ��U>³�m´>Ø!á
´>6�ÝÚ=��Ç��X"��ßÝ�O\

wÍeü. �"��ßÝ�� 1 × 1020 cm−3 �,

=��Ç=� 3.8%. ã 5 �O�(JL², CZTS

��"��é n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��
U>³�1ÏA5k­��K�, �Uõ��U>
³�A5, I�ÏLU?ó²^�¦ CZTS �"�
�ßÝ~�� 1 × 1014 cm−3 ±e.

3.3 CdS ���ëëëêêêééé������UUU>>>³³³AAA555���KKK���

ã 6 � n-CdS ����,ßÝ ND ÚþÝ d2

é � � U > ³ = � � Ç K � � O � ( J, 3 O
� L § ¥, n-CdS � � � , ß Ý ND � � � �
� 1×1017 cm−3—1×1019 cm−3!þÝ d2 ����

� 50—250 nm, CZTS ��,ßÝ 1 × 1018 cm−3!
þÝ 3 µm. lã 6 �±wÑ, =��Ç η � CdS

��þÝ d2 Ú�,ßÝ ND �O\
üNeü,

�eü�ÌÝ��. 3ã 6 ¥, =��Ç η ���
� 26.66%='��� 27.02%$ 1.33%. � 3.2 !�
©Ûaq, CdS ��þÝ��¬K�é\�1�á
ÂÚ1)16f�Â8, CdS ���,ßÝ��¬
K�Sï>|Ú1)16f�EÜ. �´du CdS

´��¥m���, 
Ø´Ì��1áÂ� (ã 2),

Ïd�'u CZTS �, CdS �þÝÚ�,ßÝ�C
zé��U>³=��Ç�K���.

1010 1012 1014 1016 1018 1020
0
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sc
/
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m

-
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o
c
/
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η
/
%

ã 5 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³�m´>
Ø Voc!á´>6�Ý Jsc Ú=��Ç η � CZTS ��"
��ßÝ Nt �Cz'X

50 100 150 200 250
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η
/
%

d2/mm

ND/cm-3
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ã 6 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³�=��
Ç η � CdS ��þÝ d2 �,ßÝ ND �Cz'X
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3.4 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��� ���
UUU>>>³³³���`̀̀zzz111ÏÏÏAAA555

�â 3.2 !Ú 3.3 !�O�(J, 3ëê���
�S, n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³�
`z(��: CZTS ���,ßÝ 1 × 1018 cm−3!
þÝ 3 µm, CdS ���,ßÝ 1 × 1017 cm−3!þ
Ý 50 nm, Ù¦(�ëêXL 1 ¤«. 3Ø�Ä"
��EÜ�^�^�e, `z(����U>³
ÑÑ>6 - >Ø (J-V ) A5­�Xã 7 ¤«. `z
���U>³�1ÏA5�m´>Ø 1.127 V, á
´>6�Ý 27.39 mA/cm2, W¿Ïf 87.5%!=�
�Ç 27.02%. á´>6�Ý��Cu3 AM1.5 1
ì^�eäk 1.5 eV �Y�ü(>³¤U���
��á´>6�Ý. =��Ç��Cud[�²
ïnØ��� 1.5 eV �Y�ü(>³�4��Ç
� [20]. ù
(J�y
�©O��k�5, Ó��
p 27.02%�=��ÇL² CZTS á���p�Ç
>³�áÂ�á���15.

ã 8 �`z(�� n-ZnO:Al/i-ZnO/n-CdS/p-

CZTS � � U > ³ � 1 Ì � A O � ( J. 3 Å
� 200—750 nm ��S, ��U>³�þf�Ç QE

��u 0.9, `²3TÅã��S, ��U>³U

k�/áÂ\�1¿ò1)>fÚ1)�Ç©l
Â8�>³üý. 3Å� 850 nm NC, ��U>³
�	þf�Çeü��Cu 0, TÅ�� CZTS �
B�°ÝéA�Å�´���.

3.5 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��� ���
UUU>>>³³³���§§§ÝÝÝAAA555

ã 9 �`z(�� n-ZnO:Al/i-ZnO/n-CdS/p-

CZTS ��U>³�§ÝA5O�(J, ó�§
Ý T ���� 300—450 K. 3ã 9 ¥, m´>Ø Voc

�ó�§Ý�O�
�5~�, ù´du16f�
EÜ�§Ý�O�
O�. á´>6�Ý Jsc �ó
�§Ý�O�
O�, �´O�ÌÝé�, 450 K

��á´>6�Ý�=' 300 K �O� 0.22%, §
Ýéá´>6�K��±�Ñ. m´>Ø Voc �
~�¦�=��Ç η ��ó�§Ý�O�
~
�. 3 300—450 K �§Ý��S, CZTS ��U>
³�m´>Ø§ÝXêÚ=��Ç§ÝXê©O
� −1.34 mV/K Ú −0.14%/K, ùü�§ÝXê�
ýé��uü¬7��U>³, L² CZTS ��

U>³�§ÝA5`uü¬7��U>³, ù´
d CZTS äk'ü¬7���B�°Ý�A5û
½�.

ã 7 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³`z(�
�ÑÑ J-V A5­�

200 400 600 800 1000
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0.2

0.4

0.6

0.8

1.0

Q
E

λ/nm

ã 8 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³`z(�
�1Ì�A

ã 9 n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U>³`z(�
�m´>Ø Voc!á´>6�Ý Jsc!W¿Ïf FF Ú=�
�Ç η �§ÝA5
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4 ( Ø

é n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ����U
>³�1ÏA5�O�(JL², CZTS ���
p1áÂXêA5¦ CZTS ���1)16f�
)Ç��u n-CdS �À�Ú ZnO I��, 1)>
fÚ1)�Ç3Sï>|�^e©O¤£� n-

ZnO:Al �Ú p-CZTS �. CZTS ��U>³�=
��Ç� CZTS ���,ßÝÚþÝ�Cz��
üN'X, ù´Ï� CZTS ����,ßÝ¬K
�Sï>³Ú16fEÜ, CZTS ���þÝ¬
K�1áÂÚ16f¤£. CZTS ���(�"
����1)16fEÜ¥%, 3"��ßÝ�
u 1 × 1014 cm−3 �, ¬wÍü$��U>³�1

ÏA5. ���Ì�1áÂ�, CdS �����
,ßÝÚþÝ�Czé��U>³=��Ç�K
���. 3O���S, � CZTS ����,ß
Ý� 1 × 1018 cm−3!þÝ� 3 µm, Ø�Ä"��
Ú CdS ����,ßÝ� 1 × 1017 cm−3!þÝ
� 50 nm �, n-ZnO:Al/i-ZnO/n-CdS/p-CZTS ��U
>³���Z1ÏA5, �m´>Ø 1.127 V!á
´>6�Ý 27.39 mA/cm2!W¿Ïf 87.5%!=
��Ç 27.02%, áÂ�Å� 850 nm, m´>Ø§Ý
Xê −1.34 mV/K, =��Ç§ÝXê −0.14%/K.

O�(J�«
 CZTS �����p��íd�
��U>³á�, �"�� CIGS ����U>³
�O�á�.
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Abstract

The semiconducting Cu2ZnSnS4 (CZTS) thin film with high absorption coefficient has long been recognized as a novel solar cell

material. In this work, the performances of n-ZnO:Al/i-ZnO/n-CdS/p-CZTS solar cells are analyzed by using semiconductor theory.

The influences of doping concentration, thickness, and defect states of CZTS layer and the doping concentration and thickness of

CdS layer on the performances of the solar cells and the temperature characteristics are investigated. The calculated results show

that the CZTS layer is a main absorption layer in the solar cell. The changes in doping concentration and thickness of CZTS layer

have significant influence on the conversion efficiency of the solar cell. The density of defect states in CZTS can sharply degrade the

photovoltaic performances. The influences of the doping concentration and thickness of CdS layer can be neglected. The calculated

results show that the optimal n-ZnO:Al/i-ZnO/n-CdS/p-CZTS structure has open-circuit voltage of 1.127 V, short circuit current density

of 27.39 mA/cm2, fill factor of 87.5%, and conversion efficiency of 27.02%. In addition, the temperature gradient of conversion

efficiency is −0.14%/K. These results reveal the promising photovoltaic characteristics of CZTS thin film serving as a solar cell

absorber.

Keywords: Cu2ZnSnS4 thin film solar cell, light absorption, conversion efficiency
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