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(Ü CdS/CdTe ��>³��>�����¦�Ä, |^Äu�Ý�¼nØ²¡Å�^�³�{Ú2ÂFÝC
q, O�
��, ZnTe!Dè Y!Gd �, ZnTe �U�Ú>f��Ý, ��
ØÓNXeXÚoUÚ¬�~ê. ï
ÄL², Dè Y Ú Gd �,� ZnTe (��­½5þJp, �, Y ¦ ZnTe � CdTe �¬����Ð. O�L², �,
�¦16fu){¿, � Y '� Gd >fk��þ�, � Y �� Gd �16fßÝêþ?�Ó. �âO�(J©Û

Dè�,é ZnTe ��>��K�.

'�c: ZnTe, Dè�,, 1�5�n, ��>³��>�
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1 Ú ó

�X­.5U
�ÅÚ�¸À/�\­, �'
p����U�5�Úå<��­À, CdTe ���
�>³C
c5��
×�uÐ, ����>³á
Â�� CdTe õ¼êp, >f�Ú³� 4.3 eV, ¿§
eB�°Ý� 1.5 eV, �3gÖ��A, J±¢y­
�,, Ïd¼�­½�î0�>´��>³���
'�Eâ��, 8c2�¦^�E´ CdS/CdTe/�
�>(� [1], XÛ3áÂ���>4�m\\
� CdTe kûÐ�¬����U
­�,���>
�¤�C
c�ïÄ­:. Áz (ZnTe) �á�
ð ¶(�� II-VI xzÜÔ��Ná�, B�°Ý
� 2.26 eV, � CdTe k�Ó�¬�(�, �­�,,

�~·Ü�� CdTe ��>³���>�. Nõï
Äöé ZnTe ������{Ú5�?1
ïÄ,

Meyers � [2] JÑ¦^­�, p. ZnTe �� CdTe

áÂ��7á>4m���>�, Kevin � [3] ï
ÄL²­�, Cu � ZnTe �¥Lþ� Cu *Ñ
� CdTe �/¤"�, E¤��>³5UØ­½, ®

x�� [4] |^��u{��
 ZnTe/ZnTe:Cu EÜ
õ¬��, uy3>³��L§¥´Ú\ Cu �,
�lf, /¤"�Ú�U?¥%, ¦,�>l/¤
�U? ��l��½d�?\B�, K�U�(
�, �U?¥%UÐ¼½EÜ1)16f, ¦ CdTe

�¥p>{Ç, E¤ÑÑ>6��, K���>³
�=��Ç [5]. ÏdXÛÀ�Ü·��,����
EÜ��>�¤�'�Eâ.

kïÄL², Dè�,�UC ZnTe ���¬
�~ê!U�(�!>f��Ý91>A5�.

Li �|^¢��{��
Dè�� (Dy!Pr) �,
� ZnTe ��, uy�,¿vkUC ZnTe �Ô�
(�, E�á�ð ¶(�, �é ZnTe ���(
¬!/m91>5��)
²wK� [6]. Dè�
�3 ZnTe ¥�/ªkO ª!mYª!��'"
�/¤�EÜN/ª. 3�«/ª¥, Dè��O
  Zn é ZnTe �A5K���wÍ [7]. XÛÀ�
Ü·��,Dè��·�F"lnØþé��â.
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� [7] O�
Dè�� (Y, La) �, ZnO �>f(
�Ú1ÆA5, 4ï� [9] O�
 ZnO Ú (Zn, Al)O

�>f(� [8], @âé�ïÄ
 Mg �,é ZnO B
�°Ý�K�, !ÃR� [10] O�
LÞ7á�,
é ZnO5U�K�. Ïd·�|^Äu�Ý�¼n
Ø²¡Å�^�³�{Ú2ÂFÝCq, ©ÛDè
�,é ZnTe ¬�~ê!U�(�!>f��Ý9
>ÆA5�K�, lnØþïÄ
Dè��O ª
�, ZnTe ����>³��>���15, ±Ï
��ÑûÐ� CdTe ��>³^ ZnTe ��>�.

2 O��.��{

2.1 OOO������...

n� ZnTe ´á�ð ¶(�, ¤á�m+
� F -43m, ¬�~êæ^¢�(J a = b = c =

0.6101 nm, α = β = γ = 90◦, Zn �f u 4 ��
� Te �f/¤�o¡NmY¥,/¤ Zn-Te4 o¡
N, Te �f�ü��¹� Zn �q.

Dè���f��� Zn �f���C, ´/
¤O ª,�. Dè�,Ò´3�¬�¥^Dè�
� Y Ú Gd �f�O Zn �f, �¬�´3 ZnTe ¬
��Ä¥��þ©O*Ð��ü  (2×2×2) ��
�, �,ßÝÏL�f�ê'��. (�Xã 1 ¤
«.

ã 1 ZnTe ¬�(�ÚDè�, ZnTe �¬�(�

2.2 OOO������{{{

O�ó�3 Material Studio 5.5 ^� Castep �
¬e�¤. Castep ÄuoUþ�²¡Å�³nØ,

òlf³^�³O�, >fÅ¼êÏL²¡ÅÄ|
Ðm, >f�>f�p�^���Ú�'³d2Â

FÝCq (GGA) ?1��, $^�fê8Ú«aO
��)¬�ëê!©fé¡5!(�5�!U�
(�Ú>f��Ý.

�
(�(J���5, O�cé²¡Å�
äUÚ K ��:?1ÂñÿÁ, O�^�¬�~
êþ�¢��. �²¡Å�äU� 310 eV, S�L
§¥gUÂñ°Ý�z��f 1.0×10−6 eV, �^
3z��fþ�åØ�u 0.03 eV/nm, ¬NSA
åØ�u 0.05 Gpa, ¯�Fp�C� (FFT) ��
� (45×45×45), UþO�3�´�m¥?1.

3 (J�©Û

3.1 (((���­­­½½½555���¬¬¬���������

ØÓDè�,�fé ZnTe (�­½5�K�
´ØÓ�, �´û½ CdS/CdTe ��>³­½5�
­�Ï�. Äké��,� ZnTe ÚDè�, ZnTe

�.?1AÛ`z, ��ØÓ�,��3�ØÓ
�äUe���XÚoU, ±9ØÓ�,(�AÛ
`z��¬�~ê, XL 1 ¤«. dXÚoU��,

� Y ½ö� Gd Ñ¦ ZnTe (��XÚoUü$,

Ù¥� Gd '� Y � ZnTe XÚoUü$�ÌÝ�
�, L¥Uþ�K�, ù�Uþë���À�k',

Ï~|^ Castep O��,À�ýé"Ýý�·�>
f�Uþ�Uþë��. ·���XÚoU��,

(��­½, Ïd� Y ½� Gd Ñ¦ ZnTe (��
­½5Jp, � Gd '� Y �(�­½5�Ð.

L 1 AÛ`z� ZnTe �XÚoUÚ¬�~ê

��| XÚoU/eV ¬�~ê/Å

ZnTe −1.93355310 × 103 6.222065

ZnTe:Y −6.21778890 × 103 6.477888

ZnTe:Gd −9.05944771 × 103 6.983206

3�� CdS/CdTe ��>³�L§¥, áÂ
� CdTe ���>� ZnTe �¬����¹�´I
��Ä�­�¯K. CdTe �¬�~ê� 6.477 Å[11],

dL 1 ��AÛ`z�ØÓ|©(� ZnTe �¬
�~ê. ¬����

2(α1 − α2)
α1 + α2

, ª¥ α1 � CdTe

¬�~ê, α2 ©O�AÛ`z��X ZnTe!� Y

� ZnTe Ú� Gd � ZnTe �¬�~ê, O�(J�
uL 2 ¥. l��Ná��¬�(��¡�Ä, Ú
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\.¡����Ì��Ï´ü«��Ná��¬
���, Ï~����>�, ´3á�ð ¶(�
� CdTe ��þ)�Ó�á�ð ¶(�� ZnTe

��. )���¬�(�9¬���§ÝÑ�ù
ü«á��¬���k', du¬���, 3ü«
��Ná���.¡?�)
]!�, Ú\
.¡
�. '�ØÓ|°�¬�����, � Y � ZnTe

���>��áÂ� CdTe �¬�����, =
� 0.015%, �ü«��Ná��¬�~ê4��
C�, ���±Ø^�Ä.¡��K�, ùéu�
� CdTe ��>³�~k|.

L 2 ØÓ|© ZnTe � CdTe �¬���

áÂ� - ��>� ¬��� /%

CdTe-ZnTe 4.016

CdTe-ZnTe:Y −0.015

CdTe-ZnTe:Gd −7.519

3.2 UUU���(((������kkk������þþþ

U�nØ´��CqnØ, äN`´ü>fC
q�nØ, =r��N¥�z�>f�$Äw¤´
3����³|¥�$Ä, 3�õê�¹e, <�
�'%�´d>f, Ï�3�f(Ü¤��N�L
§¥d>f�$ÄG�u)
é�Cz, 
S�>
f�Cz´'���. �©O� ZnTe U�(��,

ë�O��>f� Zn3d10, Zn4s2, Te5s2, Te5p4; O
� ZnTe:Y U�(��, ë�O��>f� Zn3d10,

Zn4s2, Te5s2, Te5p4, Y4d1, Y5s2; O� ZnTe:Gd U
�(��, ë�O��>f� Zn3d10, Zn4s2, Te5s2,

Te5p4, Gd4f7, Gd5s2, Gd5p6, Gd5d1, Gd6s2. ��N
U�ã©Û�­:´��.½d�ºNC¤�U
?Ï�,Úå�Cz.

Xã 2 ¤«, Fermi U? EF �Uþ�I":.

'� ZnTe �� Y � ZnTe U�(�, ����
.Úd�ºÑ3 Brillouin «pé¡: G ?, `²
� Y � ZnTe E����Y��N, ZnTe U�°Ý
� 1.002 eV, ù�¢�� 2.26 eV ����, Ï��
Ý�¼nØ´��Ä�nØ, Castep O��´Ä�,

¢�õ�õâfNX�-u�, ¤±O�(J�
��k¢��� 20%—30%�m [12,13], �ùØK
�éO�(J�½5©Û, � Y � ZnTe ��ê�
d�êOõ, � Gd � ZnTe ���d�C�. � Y

½ Gd c, Fermi U? ud�º; � Y ½ Gd �,

Fermi U??\��, ��¡`²� Y ½ Gd �±
UC ZnTe �>a., ,��¡`²�,ßÝép,

��.�þf�Ä��>f¤Óâ, u)16f{
¿,/¤{¿��N. d½5©Û��, � Y ½ Gd

� ZnTe 16fßÝO�, >�Ç¬Op.

ã 2 U�ã (a) ZnTe; (b) ZnTe:Y; (c) ZnTe:Gd

û½>�Ç�,��­�ëê´>fk��
þ, k��þ��, 3	å�^e, �±¼����
\�Ý, ��>�Ç��. ����>³��>�
I�p>�Ç�á�. k��þO��{ [14] �

1
h2

( d2E

dk2

)
k=0

=
1

m∗
n

.

�©|^ Origin ©Û^�, é ZnTe d�ºU
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�!ZnTe:Y Ú ZnTe:Gd ��.U�¦�g�ê, Ê
K�~ê h = 6.625 × 10−34J·s, O�(J�uL 3

¥. dL 3 ��, O� ZnTe d�º���>fk�
�þ, �U�º>fk��þ, ´K�; O� ZnTe:Y

Ú ZnTe:Gd ��.���>fk��þ, �U�.
>fk��þ, ´�� [15]. '�>fk��þ�,

�O�(J�ýé�, ��� Y ¦ ZnTe >fk�
�þC�, � Gd ¦ ZnTe >fk��þC�, ¤±
� Y �Jp ZnTe >�Ç, Ïd� Y � ZnTe �·Ü
����>³��>�. �,�UC
 ZnTe �B
�°Ý, �,��YþC°, � Y '� Gd � ZnTe

�Y�.

L 3 ZnTe �B�°ÝÚ>fk��þ

��|© B�°Ý/eV k��þ

ZnTe 1.002 −0.35651439 × 10−68

ZnTe:Y 1.350 0.17107735 × 10−68

ZnTe:Gd 1.131 0.54166069 × 10−68

3.3 >>>fff������ÝÝÝ���111666fffßßßÝÝÝ

CdS/CdTe ��>³��>�>�Ç´û½=
��Ç�'�Ï�. �â>�ÇO��{, k

σ = nqµn + pqµp,

� �, 1 6 f ß Ý � �, � � > � Ç � �. � 

½ þ © Û � , é � � 1 6 f ß Ý � K �, · �
qO�
 ZnTe, ZnTe:Y Ú ZnTe:Gd >f��Ý,

Xã 3 ¤«.

3U�ã½5©Û¥, ®�Dè�,�±U
C ZnTe �>a., ¿¦16fu){¿, �ïÄ­
:´½þ©ÛDè�,� ZnTe �16fßÝ. �
�,n� ZnTe � p.��N, Dè�, ZnTe � n

.��N, ¤± n.��u p., �Ñþª1��,

>fXÚÑl Fermi ©Ù¼ê�

f(E) =
1

1 + exp
(E − EF

k0T

) ,

d{¿��N16fßÝO��{k

n =
1
V

∫ ∞

Ec

f(E)gc(E)dE,

V ��¬�NÈ, gc(E) �>f��Ý. |^ Ori-

gin © Û ^ � é ® ���> f � � Ý ­ � ?1
È©, È©e����.Uþ, È©þ�� Fermi

U ? U þ. O � ( J ´, � Y � ZnTe > f ß
Ý � 4.8307×1026m−3, � Gd � ZnTe > f ß Ý
� 9.3431×1026m−3, �Ó�f�ê'?1�,�
�¹e, � Y �� Gd 16fßÝêþ?�Ó,

� Gd � ZnTe >fßÝÑp. `²� Y Ú� Gd

Ñ�±¢yé ZnTe �­�,. 7á���N�
> � � ±/¤ � � 6 � >, = Ohm � >, n �
� Ohm �>Ø�)²w�N\{|, 
�Ø¬
¦��NSÜ�²ï16fßÝu)wÍ�UC.

��N­�,�, �7á��>�±/¤�Cn�
� Ohm�> [15].

ã 3 Dè�, ZnTe ��Ý (a) ZnTe:Y ��Ý; (b) ZnTe:Gd ��Ý
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4 ( Ø

|^Äu�Ý�¼nØ²¡Å�^�³�{
Ú2ÂFÝCq, ©Û
Dè�,é ZnTe ¬�~
ê!U�(�!>f��Ý9>ÆA5�K�, �
�Xe(Ø;

1) Dè Y Ú Gd �,� ZnTe (��­½5þ
Jp, �,¦ ZnTe ¬�~êC�, � CdTe �¬�
��~�, � Y ��J'� Gd ��J�Ð, ¬�

��=� 0.015%;

2) Dè Y Ú Gd �,¦ ZnTe U�u)
{
¿, �>a.Úk��þu)UC, Y �,' Gd �
, ZnTe >fk��þ�.

3) � Y � ZnTe �� Gd � ZnTe 16fßÝ
êþ?�Ó, Ñ�¢yé ZnTe �­�,. ­�,
� ZnTe ��N�7á��>�±/¤�Cn�
� Ohm �>.

[1] Wu X Z 2004 Solar Energy 77 803

[2] Rioux D, Niles D W, Hochst H 1993 J. Appl. Phys. 73 8381

[3] Kevin D D, Visoly-Fisher I, Hodes G, Cahen D 2000 Solar Energ.

Mater. Solar Cell 62 295

[4] Zhong Z X, Zheng J G, Zhong Y Q, Yang F, Feng L H, Cai W, Cai

Y P, Zhang J Q, Li B, Lei Z, Li W, Wu L L 2009 Acta Phys. Sin.

58 4923 (in Chinese) [®x�, x[B, ¨[r, �~, ¾û�, é
�, éæ², Ü·�, iW, X�, o¥, Éss 2009 ÔnÆ�
58 4923]

[5] Zheng X, Li B, Wang Z, Zhang D T, Feng L H, Zhang J Q, Cai Y

P, Zheng J G, Wu L L, Li W, Lei Z, Zeng G G 2010 Acta Phys.

Sin. 59 2783 (in Chinese) [xR, iW, �m, ÜÀÉ, ¾û�,

Ü·�, éæ², x[B, Éss, o¥, X�, Q2� 2010 Ôn
Æ� 59 2783]

[6] Li Z X, Li R P, Wu R 2011 Chin. Rare Earths 32 1 (in Chinese)

[o§p, oI±, ÇI 2011 Dè 32 1]

[7] Wu Y X, Hu Z X, Gu S L, Liang L C, Li T, Zhang H 2011 Acta

Phys. Sin. 60 017101 (in Chinese) [Ç�U, ���, �ä�, ù
á¤, oC, Üh 2011 ÔnÆ� 60 017101 ]

[8] Liu J J 2011 Acta Phys. Sin. 60 037102 (in Chinese) [4ï� 2011

ÔnÆ� 60 037102]

[9] Jin X L, Lou S Y, Kong D G, Li Y C, Du Z L 2006 Acta Phys. Sin.

55 4809 (in Chinese) Ö@âé, £­�, ��I, o%â, Úy
� 2006 ÔnÆ� 55 4809Ø

[10] Shen Y B, Zhou X, Xu M, Ding Y C, Duan M Y, Linghu R F, Zhu

W J 2007 Acta Phys. Sin. 56 3440 (in Chinese) Ö!ÃR, ±Ê,

M², ¶HS, ã÷Ã, -	J¹, 6©� 2007 ÔnÆ� 56
3440Ø

[11] Duan H, Chen X S, Sun L Z, Zhou X H, Lu W 2005 Acta Phys.

Sin. 54 5293 (in Chinese) [ãä, ��V, �á§, ±�Ð, º¥
2005 ÔnÆ� 54 5923]

[12] Sun J, Wang H T, He J L, Tian Y J 2005 Phys. Rev. B 71 125132

[13] Yang Y T, Wu J, Cai Y R, Ding R X, Song J X, Shi L C 2008 Acta

Phys. Sin. 57 7151 (in Chinese) Ö
Õ,, É�, é�J, ¶a
È, yÈR, �áS 2008 ÔnÆ� 57 7151Ø

[14] Björn Lange, Christoph Freysoldt, Jörg Neugebauer 2010 Phys.

Rev. B 81 224109

[15] Liu E K, Zhu B S, Luo J S 2010 Physics of Semiconductor (Bei-

jing: National Defense Industry Press) p212 (in Chinese) Ö4�
�, Á[,, ÛA) 2008 ��NÔnÆ (1 4 �) (�®: I�
ó�Ñ��) 1 212 �Ø

017108-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 017108

First principles study of rare earth doped in ZnTe
used for CdTe solar cell back contact layer∗
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Abstract

In consideration of the preparation of CdS/CdTe solar cell back contact layer, the band structure and the density of states of

undoped and (Y, Gd) doped in ZnTe were caculated from the plane wave ultra soft pseudo potential method based on density functional

theory and generalized gradient approximation. We acquired the system total energy and lattice parameter. As a result, the structural

stability improve after doping, the lattice match between ZnTe and CdTe are better when Y doped. (Y, Gd) doped make the ZnTe semi-

conductor degeneration. Compared with Gd, the electronic effective mass of ZnTe doped with Y are lighter. The carrier concentration

order of magnitude in different doping system are same. We analysed the influence on ZnTe used for back contact layer when doped

with (Y, Gd).

Keywords: ZnTe, rare earth doped, first principles, solar cell back contact layer
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