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æ^�6n4í�C���¼�
 CuInS2 ��, Ù¥í�qæ^�½¡È'� [Cu]/[In] ·Üq, �AíN
æ^ CS2 íN. �©¥Ì�ïÄ
 0.02 Pa ©Ø�AíN^�eØÓ¡È'� [Cu]/[In] ·ÜqÚ�ÈÄ�§Ý
é CuInS2 ��(�Ú¤©�K�, Ù¥ CuInS2 ����¤^�m� 2 h )��þÝ� 1—2 µm. ÏLé CuInS2 �
�� EPMA, X ��û�ÿÁ©ÛL², �Z� CuInS2 ���3¡È' [Cu]/[In] ·Üq� 1.4 : 1 Ú��§Ý (150,

250 Ú 350 ◦C) �^�e��¼�, ¿�Ù(��(@��Ô¶(�. ÏL¢�(JO�Ñ CuInS2 ���k�
� 8.9%� C ,�¹þ.

'�c: �Ô¶(���N, �Aí�, CuInS2 ��, EPMA

PACS: 81.15.Cd

1 Ú ó

CuInS2 � � ´ I-III-VI2 x z Ü Ô � �
N CuInX2 (X = S; Se; Te) ��«, äk���
[.U�(�Ú 1.53 eV[1] �B�°Ý. §�ù�
A�Ú CuInSe2 ����, �·ÜA^u����
>³, ´�«#.���>³á��O�á�. c
Ù´ CuInS2 �p=��Ç�Ï±5��É�<�
�'5, CF�� CuInS2 ����>³�áÂ�
��� 12%�=��Ç [2]. Ïd CuInS2 ��á�
��/áÚX<��,�.

I-III-VI2 xzÜÔ��N��á�����
{kõ«, ~X, õ��u{ [3]!1z{ [4]!CVD

{ [5]!í�{ [6] Ú�Ò{ [7] ��{. �Xé
u CuInSe2 ��ïÄ��\, CuInS2 �zÆ¤©'
w��	­�. �©��
¦^�6n4 (�Aª)

í���, ?1`z¢�^��(J, ¿ÏLé�
¬ÿÁÚ(J�©Û, &?
ù«�{�±��
ÑkÜnzÆ¤©'��Ô¶(���N CuInS2

��.

2 ¢ �

2.1 ¢¢¢���������

CuInS2 �����¦^
�6n4í�C
� � �, Ù { ã X ã 1 ¤ «. � � � ý � Ý �
� 6 × 10−6 Torr (1 Torr = 133.322 Pa) �, Ï\p
Xý5íN Ar, Ù¦¢�^�XL 1 ¥¤«. Ù
¥ CS2 íN3CkZX�Nì¥�± −72 ◦C §Ý,

©ØCz��ë�©z [8], ��3 0.005—0.04 Pa.

²L 2 h í��, 3p§ÀæÄ�þ)�Ñ� 1—

2 µm ���. ��Ä�§Ý©O�½� 150, 250

Ú 350 ◦C ¢�^Ä� (p§Àæ) 3¿§^�e²
L�W (=WJ!ZÑ!¯UÚXÀY��(�
W) ÚóZ.

¢���Ñ���²L EPMA(electron probe

X-ray micro analysis) � � ÿ Á ( ½ Ñ zÆ¤ ©
', |^ XRD(X-ray diffraction) ���Ñû�� 2θ

(10◦ 6 2θ 6 80◦) �û�rÝ�'Xã.

L 1 �Ñ CuInS2 ���Ä���^�, Ù¢
ù´²L�E�¢� “gU” N��(J.
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L 1 CuInS2 ����Ä�^�

¡È'~.·Üí�q Cu : In = 1.4 : 1

>Ø/V 400

Ä�§Ý/◦C 150;250;350

�>>6/A 0.7

�>åÂ8^|>6!>Ø/A;V 2; 25

�j>6/A 7

í��m/h 2

ArØå/Pa 2.5 × 10−1

CS2 íN©Øå/Pa 0.02

� �� � �
ã 1 �6n4í�C�{ã

2.2 íííNNN©©©ØØØ���···ÜÜÜqqq¡¡¡ÈÈÈ'''éééuuu CuInS2

������|||©©©���KKK���

CuInS2 ��)�¤I�Ô�©O5gu CS2

íN!·Üqá� Cu Ú In �¡È' (XL 1 ¤
«), Ïd��¥�|©�¹þÒ�ûuþãn«

�'~.

Äk�Ä CS2 íN©ØUC�K�, d�I
�½ Cu Ú In ü«qá�¡È'. ëì©z [9]À
J·Üq Cu : In = 1.4 : 1 ¡È'~. �Ä�§Ý
� 150 ◦C Ù¦�^��L 1 ¥���. ù� CS2 í
N6þ©Ø����� 0.005—0.04 Pa, ��Ñ�
��²L EPMA ��ÿÁ��Ñã 2 �êâ. ©Û
êâ�Czª³, uy CS2 íN6þ©Ø3 0.02 Pa

NC, ��¥ S/M(M = Cu + In) ¹þ�Cn�
� CuInS2 zÆ|© (S/M Cq� 1).

,�|¢�&¢·Üqá¡È Cu/In �¡È'
éu��|©�K�¯K.À�·Üqá Cu/In �
¡È'� 0.8—2.1 ��!Ä�§Ý 150 ◦C!Ù¦
^��L 1 ¥��Ó, ��Ñ�| CuInS2 ��. ²
Léù| CuInS2 ��� EPMA ÿÁ��Ñã 3 �
êâ. ã 3 w«Ñ CuInS2 ��3 CS2 íN6þ©
Ø� 0.02 Pa, ·Üq Cu : In = 1.4 : 1 ¡È'~^
�e, �±��Ñ�Cn���zÆ|© CuInS2

��. �� � � � � � � � � �� � � � 	 
 � � 
 � � � � � ��� ����� �� ������� ��� �� � � � � � � � �  ! �� � � � � �  ! �
ã 2 qf Cu : In = 1.4 : 1 ¡È'��|©� CS2 í
N6þ©Ø�'X�

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

ã 3 CS2 ©Ø 0.02 Pa qf Cu/In �¡È'���|©
�'X

198102-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 198102

2.3 ÄÄÄ���§§§ÝÝÝ��� CuInS2 ������|||©©©'''

�

)Ä�§Ý�K�, �âL 1 �Ä�¢
�^�, ��
,�| CuInS2 ���¬. �¬À�
Ä�§Ý3 130—350◦C ��SCz!Ù¦^�Ø
UC, CuInS2 ��� EPMA ÿÁ(JXã 4 ¤«.

*	 S/M (M=Cu+In) êâ�§Ý�Cz5Æ, Ù
²þ�A�´�C 1 �. òù|Ä�§ÝCz��
� CuInS2 ���¬?1 X ��û� (XRD) ÿÁ,

(J�Ñû�� 2θ 3 27.59◦ NCkér�û�¸
�. ù| CuInS2 ���¬�r¸��Ä�§Ý�
'XXã 5 ¤«.

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

���
ã 4 ��|©�Ä�§Ý�'X

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

� ���
ã 5 ���¬��rû�¸��Ä�§Ý�'X

Ä�§Ý��� 150 ◦C, 250◦C, 350 ◦C )�
� CuInS2 ���¬ XRD û�ÌXã 6 ¤«. *
	 XRD û�Ì�, uy 250 ◦C Ú 350 ◦C )�
� CuInS2 ���¬ XRD Ì¥Ø
û�� 2θ =
27.59◦ ±	�û�¸�, �âã 7 Ä�§Ý 350◦C

)�� CuInS2 ���¬ XRD Ì, ã¥�¸�éA
û�� 2θ ©O� 27.59◦, 46.3◦ Ú 54.58◦. �[*
	 CuInS2 ���¬ XRD û�Ì, uyû�� 2θ

�u 27.59◦ �Ì��p§Àæ (ù�«�)XRDû
�Ì����¥, CuInS2 ���¬ XRDû�Ì¥
ké(��)K�� 2θ = 15.83◦ û�� (Xã 8

¤«).

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

� � � � � � �� � � � � � �� � � � � � �� � �� � �� � � � � � �  
ã 6 Ä�§Ý 150 ◦C, 250◦C Ú 350 ◦ � CuInS2 ���
¬ XRDû�Ì

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

� � � � � � ��� � � � � � � � � � � � � �  �
ã 7 Ä�§Ý 350 ◦C � CuInS2 ���¬ XRDû�Ì
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ã 8 (a) p§ÀæÄ��Ä�§Ý 350◦C � CuInS2 ���¬ XRDû�Ì'�; (b) p§ÀæÄ�� XRDû�Ì

3 ? Ø

3.1 CuInS2 ������������^̂̂������`̀̀zzz

����^��`z¢Sþ´��3¢�¥
�E “gU” �L§. �ïÄ3 CuInS2 ��)�
¢�¥©O&¢
 CS2 íN6þ!qf Cu Ú In

�¡È', ±9Ä�§Ý (130—350 ◦C ��S)

éu��|©'�K�. lÁ�Xã 4 ¤«, ·
����·Üqf� Cu/In ¡È'~!CS2 íN
6þ�, ��|©'¥ S/M (M = Cu+In) A�Ø
ÉÄ�§ÝK�, �´|©' Cu/In k�Ä�§
Ý,p
eü�ª³. 2*	Ä�§Ý 150 ◦C

� S/M(M = Cu+In) Ú Cu/In '�, ��|©'þ
ªCu 1 ´Ü·�.

l ã 2 � ( J � �, | © ' S/M(M =
Cu + In) �X CS2 íN�©ØO�
þ,, ù´
N´n)�. 
Ùã¥|©' Cu/In w«Ñeü�
'X, �±��ü^­�Czª³��, ­���
u S/M(M = Cu + In) Ú Cu/In ÑªCu 1 �?.

ù�´¤Ï"�. ã¥ Cu/In Czw«Ñeü�'
X, ù�y��vké�Ün�)º. �e5?�
ÚïÄ
3ð½� CS2 íN©Øe, |©' Cu/In

�·Üqá¡È'UC�Cz�¹. l¢�¥�Ñ
·Üqf Cu : In = 1.4 : 1 ¡È'~��Ün�À
J. l
�N��©z [9] �Ñ�nØ� 1 : 1.38 �
��¿Â.

3.2 CuInS2 ������(((���

3.2.1 CuInS2 ��(�ëêO�
À� 350◦C ) � � CuInS2 � � � ¬, �

¬ XRD Ì (ã 7) ¥�¸�éAû�� 2θ ©O
� 15.83◦, 27.59◦, 46.3◦ Ú 54.58◦. òù|êâ��
Ô¶(�û�k¡êâé', �±9Ï�½û�
� 2θ éA�¬¡. ©z [9] �Ñ
 Cu, In Ú S/¤
o¡N��f�» (1.35 Å, 1.44 ÅÚ 1.04 Å), ÏL
O���nØþ/¤ CuInS2 �Ô¶(��²þ¬
�~ê a = 5.62 ± 0.10 Å, c = 11.25 Å.À CuInS2

�Ô¶(� (002) (112) (220) (116) ¬¡¡må�n
Ø�Ú¢��?1'� (XL 2), �±@�é�C.

L 2 ¡måëênØ��¢��'�

¡må d(002)/Å d(112)/Å d(220)/Å d(116)/Å

nØ� 5.623 3.247 1.988 1.696

¢�� 5.594 3.231 1.959 1.680

CuInS2 ���¬ XRD û�Ì¥, Ùû��
éAXäk�Ô¶ (��¬X) �¬¡. �Ô¶(
� {00l} ��¬¡äkAÏ5, �ä�Ô¶(��
��¬X��uá�¬Xü�ð ¶(��U\,

ù´ CuInS2 �Ô¶(� {00l} ��¬¡�¯K'
�Ün�)º. �©�y²�´��¡, 8�Ï�
Ù¦�¡k��9Ï¢�y².
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3.2.2 CuInS2 � � ( � ë ê � n Ø �
�Ø�

n Ø � (© z [9]) � Ô ¶ ( � ² þ ¬ � ~
ê a = 5.62 ± 0.10 Å, c = 11.25 Å. ©z��L
�Ô¶(�¬�~ê a = 5.53 ÅÚ c = 11.08 Å[10],

¬�~ê a, c �Ø�XL 3 ¤«.

L 3 ¬�ëê�Ø�

¬�~ê �nØ� a �nØ� a

a/Å c/Å ýéØ� /Å �éØ� /%

nØ�� 5.62 11.25 — —

©z [10] �� 5.53 11.08 ±0.0934 1.66

¢��� 5.57 11.14 ±0.0555 0.987

CuInS2 ���¬�9�¬�~êO�¯K,

Ù¥À� XRD û�Ì (112), (220), (116) ¬¡, O
��Ñ�Ô¶(�¬�~ê a = 5.57 ± 0.03 Å,

c = 11.14 Å, � © z [10] � � � a = 5.53 Å

Ú c = 11.08 Å'��C. ÏLL 3 ¥�êi�
NÑ¢���nØ�Ø�é�, �¢��¬�ÿÁ
�¡y¢
 CuInS2 ���Ô¶(�.

3.2.3 %,� (C) ¹þ��
©z [11] �Ñ CuInS2 ������ÿÁL

§¥% (C) 3 CuInS2 ���¹þ� 15%(�f'),

ù´��é��ê�.CuInS2 ���¬¥%,��
5
kü�¡, Ù�´3����L§¥, �Aí
N CS2 ¤�\. ,�Ü©´���>fw�º�¬
�>4Û%�
NXu���L¡. ��«�¹e,

%�f¿�?\���¬�¥, éu���5U¿
vkK�. ¤±3d=?Ø31�«�¹e�UÚ
\��¥�%�f.

© z [9] J ø � Cn, In, S Ú C(C � f �
» 0.77 Å) �f�»¥, Cn, In Ú S ��f�»
'���. ©z [11] ��
%¹þ, Ï�%��f
�»�é'��, ��K�(��,��ÄkÜn
���. ,� C ?\ CuInS2 ���, ¬Úå¬�~
ê�UC. b�,� C �f��
 S �f� �,

|^ S Ú C �f�»nØ�Ú¢���Ø���
�ù«^�e C �f¹þ. ���{�

S(¢��) = (1 − x)S(nØ�) + xC(nØ�), (1)

d (1) ª�O��{�Ñ CuInS2 ���¥k 8.9 ×
10−2 C ,�¹þ, ù´¬�~ê�)Ø��Ì�
�Ï. Ón, b�,� C �f��
 Cu ½ In � 
�, ��Ñ CuInS2 ���¥k 7.7× 10−2 C ,�¹
þ. duÄ�p§Àæ Si—O �� (���� 1.83

Å)�u CuInS2 �¬�~ê, ÏdÄ�k¦ CuInS2

¬�~ê~��V��^, ù�´¬�~ê�ÿþ
��unØ�������Ï. o�!K� CuInS2

¬�ëê�ÃõÏ�¥, ,� C é CuInS2 ��¬
�~êK��Ì, CuInS2 ���¥k 8.9 × 10−2 C

,�¹þ´¬�~ê�)�nØ� l�Ì�
�Ï.

4 ( Ø

|^�6n4í�C��±��Ñ CuInS2 �
��¬, ^�XL 1 ¤«. CuInS2 ���¬��
L§¥�± CS2 íN6þ©Ø (0.02 Pa), ·Üq
f Cu:In ¡È' 1.4 : 1, Ä�§Ý 150—350 ◦C �
m. CuInS2 ���¬² EPMA ÿÁ�Ñ'�n
�(J. Ù¥`z�¢�^�� CS2 íN6þ©
Ø 0.02 Pa, ·Üqf Cu : In ¡È' 1.4 : 1, Ä�§
Ý����� 150—350 ◦C �m.

CuInS2 ���¬� XRDû�Ì¥�¹ (002),

(112), (220), (116) ¬ ¡ �û� ¸ �, � â (112),

(220), (116) ¬¡û�¸��Ñ�Ô¶(�¬�~
ê a = 5.57 ÅÚ c = 11.14 Å, �©z [10] ��
��Ô¶(�¬�~ê a, c �C. �©¥¬�~
ê a ¢���nØ��ýéØ�� ±0.0555 Å!
�éØ�� 0.987%, �CnØ�. �âýéØ��
�Ñ CuInS2 ����k 8.9%� C ,�¹þ. Ï
d!|^�6n4í�C��±��Ñ�Ô¶(
� CuInS2 ���¬, ±�òé��Ñ CuInS2 ��
�¬�Ù¦5U?1?Ø.

a�ÖïÄ)Ïm|±·¢��F�#��Æ��ï

Ä¿P�!XRD!EPMA ¢�P�Úþ°�Æ
D�P�

9Ùl<�?Ø.

198102-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 198102

[1] Shay J L, Tell B, Kasper H M, Schiavone L M 1972 Phys. Rev. B
5 5003

[2] Klaer J, Bruns J, Henninger R, Siemer K, Klenk R, Ellmer K,
Braunig D 1998 Semiconductor. Sci. Technol. 13 1456

[3] Kobayashi S, Kozakai H, Vequizo R M, Oishi K, Kaneko F 2005
Jpn. J. Appl. Phys. 44 999

[4] Plank, uû� CN201110362187.6 [2011 c 11 � 16 F]
[5] Hwang H L, Sun C Y, Fang C S, Chang S D, Cheng C H, Yang M

H, Lin H H, Tuwan-mu T 1981 J. Cryst. Growth 55 116
[6] Hwang H L, Cheng C L, Liu L M, Liu Y C, Sun C Y 1980 Thin

Solid Films 67 83
[7] Pamplin B, Feigelson R S 1979 Thin Solid Films 60 141

[8] ��x�, uû�, ,aAj? M M,��¯�, 7fVI, A
þVÓ&ÆEä (Vol.94) (F�#�½: õf�äÏ&Æ¬)
1994-09-12 CPM94-56∼64

[9] Kittel C 1988 Introduction to Solid State Physics (6th) ��û�,
9Âæ, ÜXÙ, ìegJ�¯ 1988 (1 6 �) (F�: F��õ
¿ª¬�) p1—86

[10] Shay J L, Wernick J H 1975 Ternary Chalcopyrite Semiconduc-

tors, Growth, Electrical Properties and Applications (Pergamon
Press, 1975)

[11] Kobayashi S, YU D Y, Sarinanto M M, Kobayashi Y, Kaneko F,
Kawakami T 1995 Jpn. J. Appl. Phys. 34 L513

Preparation and structure of CuInS2 film by the
direct current triode sputtering
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Abstract

CuInS2 thin films are deposited on Pyrex slide glass substrates by direct current triode sputtering using CS2 as a reactive gas and

Cu/In mixed metal plate as sputtering target. The effects of substrate temperature and area ratio of Cu to In on the crystalline structure

and composition of CuInS2 films are discussed under the same growth condition (0.02 Pa of CS2 partial pressure). When sputtering

time is 2 h, their thickness are obtained to be 1–2 µm. The CuInS2 films are characterized by EPMA, XRD, and so on. The results

show that the optimal CuInS2 films are obtained at a ratio of 1.4 and growth temperatures of 150 ◦C, 250 ◦C and 350 ◦C, and that these

films each have a chalcopyrite structure. The content of carbon impurity in each of the as-deposited CuInS2 films is found to be about

8.9%.

Keywords: chalcopyrite semiconductor, reactive sputtering, CuInS2 films, EPMA
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