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Äu1��n��Ý�¼nØ, ±þfzÆlÞO�^��²�ïÄ
 Sn(O1−xNx)2 á��1>^5U, ©Û

NX���Ý!U�(�!^5!0>JÜ9ò�Ç. O�(JL², N O� O �, �X�,ßÝ�O\, NX�
�Yk~��O�, �,þ� 12.50%��Y�Ä. du N 2p ;�>f��z, 3 0.55—1.05 eV ��S�)
fÉ
ÌU?, d�Ú��?�U?þÑy
3�9;��­Uy�, Sn—O ���r�u N—O ���r. l^55w,

N �fû½
^Ý���. l0>JÜ��, �,�NX�1ÆáÂ>O°, Ì�[¸u)ù£, ��ÇÚ0>Ì�
éA, �¸��>f��[áÂk'.

'�c: 1��n, Sn(O1−xNx)2, 1>^5�

PACS: 71.15.Mb, 71.15.Dx, 31.15.A−

1 Ú ó

SnO2 ´�«o¡N7ù�(��°B��
��[��Ná� [1], ÏÙ`É�1>5�, ¤�
U ZnO ���q�«2�A^ub	«1>f
ì���zÔá�. 3¿§e, SnO2 äk 3.60 eV

�B�°ÝÚp� 130 meV �-fåPU [2−4],

~§e SnO2 äk�p�Ç�-fu1, ù«`
û�1Æ!>ÆÚØ>5�, ¦� SnO2 Äá�
2�A^uß²�>²�w«ì!��U>³Ú
íNDaì [5]. Cc5<�qéÙ?1�,, �
�
�p>�ÇÚ1ÆßLÇ�1>á�. 3¢
�þ, Roman � [6] ïÄ
 SnO2 á��1Æ5U,

Mohammad � [7] æ^
�Ò9){, ÏL Al Ú Li

�, SnO2 õ¬��?
¼�
p>�Ç� p .á
�, �,�á��>{=� 0.8 Ω, ¿�16fßÝ
p� 6.7 × 1018 cm−3. nØO�þ, Xiao � [8] æ^
1��nl^5�¡ïÄ
 N �,é SnO2 á��
K�, ��z� N ,��^Ý� 1.0 µB, ÏLØÓ

 ���,uy, N ,�Ø=Ly�c^ÍÜ, Ó
��Ñy�c^ÍÜ�5�. �'u Sn(O1−xNx)2
á�¥ N �f��,ßÝéÙ1>5UK��X
ÚïÄÿ����. �©^ØÓßÝ� N �fO�
Ü© O �f, ïÄ
 Sn(O1−xNx)2 á�¥��f;
�þ>fm�'X, ÏLU?m�>f�[£ã

NX�1Æ�A, ©Û
�,�NX�1Ìù£y
�, ¿é�,ßÝCzé�¬�NX1>^5��
K�?1
&?.

2 nØ�.ÚO��{

�©æ^1��n��Ý�¼nØ, À�2
ÂFÝCq (GGA) e��5U\²¡Å (LAPW)

�{, ÄuþfzÆlÞO�^� (WIEN2K) O�

 2×2×2 �¬� Sn(O1−xNx)2 NX�1>^5�.

O�¤^�d>f� N 2s22p3, O 2s22p4, Sn 5s25p2,

d�Ú���©lU� −7 Ry, é Brillouin «¦Ú
�À�AÏ K : (4× 3× 3) ?1gUS�, ��N
X�oUþCz�u 0.001 eV ���Âñ¿Ê�
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$�. �, N ¤À���¬�±X Sn16O32 �Ä,

Xã 1 ¤«. ��,ßÝ� 6.25%�, �¬�¥ N �
fO� �3�f 1 ?; �,ßÝ� 12.5%�, N �
fO� �3�f 1 Ú 2 ?; �,ßÝ� 18.75%�,

N �f��, �3�f 1, 2 Ú 3 ?. Ù¥�Ú�
¥� Sn �f, çÚ�¥ 1,2,3 ��,�� N �f,

çÚ�¥� O �f.

ã 1 Sn(O1−xNx)2 �¬�(�

3 O�(J�?Ø

3.1 >>>fff(((���

3.1.1 ��Ý
ã 2 � � , � � Sn(O1−xNx)2 z Ü Ô � o

��Ý (DOS) ©Ùã, �� SnO2 �Y Eg �¢

��� 3.60 eV, �©O�Ñ� Eg �� 1.95 eV,

� Leonardo[9] O��nØ� Eg = 1.70 eV �~�
C. æ^ GGA Ï~�¦ Eg �u¢��� 30%—

50%[10], �©Ì�lUþ��éCz5�Ä, ï
Ä > f ( � � ¿ Ø K � ( J © Û. > f U þ �
u −8.0 eV 9�u 15.0 eV �«�áu�U?S
;�, å¤�U? EF ��, é¤�U?NC�>f
(�K�Ø�, �©éd?Ø�ïÄ.

�,c�NXd�Ü©���Ýþ·�u¤
�¡þ, ¥yÑ��NA5. 3���¹e, g^
�þ��e�>fé¡, ¿�u)g^4z. �,
�NX�>f©ÙþeØé¡, ¥yÑg^4zy
�, ù´du N Ú�C� Sn Ú O �f�	�;�
>fu)
�p�^. Ó��\,��, NX�Y
CÄ, �,þ x � 6.25%, 12.50%Ú 18.75%� Eg ©
O� 0.87, 0.73 Ú 0.75 eV, Ù¥ x = 6.25% ���
� Eg ��n� [11] ïÄ N0.0625ZnO0.9375 ¤��
~�C. ��� x = 12.50% �NX��Y�Ä, 1
6f��[Ì�u)3d�º�ÉÌU?�m, d
�d>fåPUå�f, d>fld��[���
¤áÂ�Uþ��, >f��[AÇ��, á��
�>5U�é�r. �,�NX��YmÑy
g
^�e�Û�U?, ¿��X�,þ�O\ùÜ©
Û����ÇÓâOõ. ù´du�,� N �f
3 SnO2 ¥¿�ÉÌ�^, /¤f�ÌU?�,, Ï
d3d�þÜ/¤�G�, =�3�Ç.

ã 2 Sn(O1−xNx)2 á��o��Ý©Ù
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�?�ÚïÄ N �,é SnO2 á��>f(
��K�, ã 3 �Ñ
 x = 6.25% �NX�o�
�ÝÚ�©Å��Ý. dã 3 ��d�Ì�dü
Ü©|¤: ¤�U?� −5.0 eV �þd�Ü©, N

,����C� O �f�p�^, þd�Ü©Ì
�d O 2p Ú N 2p 9Ü© Sn 5p �ÓÓâ, �ùÜ
© O Ú N � p ;�mu)
r���pÍÜ�
^, ¤�U??�,z¸´ùüöm�p,z

¤�; −8.0—−5.0 eV �ed�Ü©, ùÜ©Ì�
´d Sn 5s Ú�þ� O 2s ;�>f�z
/¤�
¸. 3 0.55—1.05 eV ��S�)
°Ý�� 0.5 eV

�Û�,�¸, ù�u¸� [12] �O�(J�Î,

ùÜ©,�¸Ì�5
u N 2p �>f��z.

��Ü© 2.5—7.5 eV ��SÌ�� O 2p Ú N 2p

9 Sn 5s �Ó�p�^
/¤�¸, 7.5—15 eV �

�S�¸Ì�d O 2s, N 2s Ú Sn 5s ��>f�Ó
,z
¤.

d©f;�nØ��, ��f/¤©f�, >
f3�½�©f;�¥$Ä, Ñy
¤��Ú�
��üa>f, ¤�>fÚ��>f©Oäk¦
©f­½Úl)�ª³. lã 3 ��, Ø
å¤�
U? (EF) �C�«�k�þ� N 2p ��z	, Ù
¦«�5g O Ú Sn �f��zþ��wÍ, dd
�� O Ú Sn �f�m�3X�d�^, LyÑ�
d�5�, SnO2 ¥ Sn � O �f�d>f p ;�
´ “ÞéÞ” ­U/¤ σ ü�, =�3 σ �^. N 2p

�Ì�� O 2p �>f;�¤�, Sn 5s Ú Sn 5p �
Ì�� O 2s �>f;�¤�, dd��â�>f;
��­U§Ý��`u��>f;��­U§Ý,

Sn—O ���r�ru N—O ���r.

ã 3 x = 6.25% � Sn(O1−xNx)2 �o��ÝÚ�©Å��Ý

3.1.2 U�(�

du�, N �á�u)
g^4z, ��Ð/
é'©Ûá��>f(�, ã 4 �Ñ
 x = 18.75%

�� Sn(O1−xNx)2 á�g^�þÚ�e�U�(
�, ã¥À� EF �"Uþë�:.

duÜ© N 2p ;��>f?\�Y, >f;
�u)
g^4z
3�, �,��NXg^�
þÚ�e�U�Øé¡, u)
g^4z. �,c
�B�NC�d�ºÚ��.þé¡, é¡«�
± K2 :�¥%, �,c�NXþ����[��
N. g^�e� Eg = 0.75 eV, Ù�YØ2´��
Y. duÜ© N 2p ��>f?\�Y, 3 1.0 eV U

þ«�ÑyÜ©Û�>f, /¤n^[r�Û��,

=,�U?. Ó�¤�U?�$U��£Ä, Ü©
U??\d�, /¤�^Ä�fÉÌU?, du,
�U?¥�Ç�m��pü½�A
¦16f?
ud�ºNC. du,� N �Ú\¦�á��>f
(�u)
UC, d�Ú��?�U?þu)
3
�, N, O, Sn U?;�­U, Or
ÍÜ�^, Ù�
Y���ÅìCÄ, ù�ã 2 �éA.

3.2 ^̂̂ 555

L 1 �Ñ
3ØÓ�,ßÝe¬�Úü��
f�>fÙØê Q!^Ý9oUþ. L 1 ¥ Sn
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Ú O �f´å�,�f�C�ü��f, N, N1

Ú N2 ©O��,ØÓ �� N �f, Ù �©
O� N(0.2500, 0.4035, 0.4035), N1(0.7500, 0.5965,

0.5965), N2(0.5000, 0.8465, 0.1535). L 1 ¥O�ê
âL², 3 x = 6.25%, 12.5%, 18.75%�o^Ý©
O� 1.0059, 2.0331 Ú 3.0219 µB(À�^f), �©
z [8] ¥���(Ø��. z«�,ßÝe�^
ÝÌ�´d N 2p ;�>f¤�z, �k��Ü

©5
u O 2p ;�. �X�,ßÝ�O�, Ù
é A ( � � o > f Ù Ø ê 9 ^ Ý C �, Ù o U
þ�C�. ØÓ�,ßÝ� N �f^ÝCzØ
�, þ3 0.6501 µB �m, `²Ù(��é­½.

Sn �f;�¥�^Ýé���K�, Ì�5guO
� ���C� Sn �f9ÙgC� Sn �fþ�
��Ü©^Ý.

ã 4 Sn(O1−xNx)2 á��U�(� (a) g^�þ; (b) g^�e

L 1 ØÓ�,ßÝe¬�Úü��f�>fÙØê Q!^Ý9oUþ

�,ßÝ
o�f ü��f

Q ^Ý/µB Uþ/meV �f Q ^Ý/µB

x = 0.625 63.2257 1.0059 −202506.57

Sn 46.4648 −0.0020

O 7.8100 0.0009

N 6.5183 0.6433

x = 1.250 63.4446 2.0331 −202465.37

Sn 46.4880 −0.0044

O 7.8101 0.0142

N 6.5161 0.6501

N1 7.8100 0.6501

x = 1.875 63.6685 3.0219 −202424.17

Sn 46.4884 −0.0057

O 7.8105 0.0157

N 6.5160 0.6568

N1 6.5170 0.6577

N2 6.5160 0.6568
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3.3 111ÆÆÆ555���

0>¼ê�U�m�[��*ÔnL§��
N�>f(�;��ë, §´�N�N>f(�
��«1Ì&E�m�xù, ÏL0>¼ê�J
Ü ε2 (ω) �±£ã>f3W¿�Ú�W¿��m
��[L§, §Ny
¬N�1Æ�A. 0>¼
ê ε, 9Ù¢Ü ε1 ÚJÜ ε2 �'X�

ε(ω) = ε1(ω) + iε2(ω).

ÏLÓâ�Ú�Óâ�Å¼ê�ÄþÝ
�¦
� ε2 (ω)[13] �

ε2(ω) =
4π2

m2
eω

2

∑
V,C

∫
BZ

d3k
2
2π

|e · Mcv(K)|2

× δ[EC(k) − EV(k) − ~ω],

Ù¥ m e , e, ω ©O�Lgd>f��þ!>f>
þ9\�1f�ªÇ, C, V, BZ, K ©O���!d
�!1�Ùp�«Ú��¥, ~ = h/2π, h �ÊK
�~ê, EC(k) Ú EV(k) ©O´��e���Úd
�U?, |e · Mcv(K)|2 �Äþ�[Ý
�.

ã 5 Sn(O1−xNx)2 á��0>JÜÌ

Sn(O1−xNx)2 á��0>¼êJÜ ε2(ω) X
ã 5 ¤«, ã¥ I—IV ©OL«�,ßÝ� 0—

18.75%��0>¸, À��1Ìã�´3 xx ��
þ, ��[¸dU?m>f�[�). �éu�
��¹e� SnO2, �,�NX3 1.0—2.5 eV Uþ
��S�)
��#¸, d¸dd�º�,�U

�m�>f�[�), l©Å��Ý5wÌ�d
d�º O 2p �>f�[�,�U? N 2p �/¤;

3 6.50 eV Uþ��S�)
1����²w��
[¸, �u¸� [12] O��Ì�[¸�C, d¸´d
u N 2p ;�>f� Sn 5s ;��[/¤�, áu,
�U����.m�>f�[; 3 8.2 Ú 8.9 eV ?
�ü�Ì�[¸Ì�´ Sn 5s ;�>f� O 2p ;
�m��[, áu���m��[. �X�,þ�
O\, $u 8.7 eV Úpu 9.2 eV �«�, 0>¸�
ÅìO\, 3 8.7—9.2 eV Uþ��S, II Ú IV �0
>¼ê�$u I Ú III, ¿�d?0>¸ I Ú III �¸
�Ä��Ó. �,�NX�1ÆáÂ>O°, �Ì
�[¸ u)ù£, ù� Sun � [14] �(Ø��.

ã 6 Sn(O1−xNx)2 á��ò�Ì

�âþ¡�Ñ�0>¼ê�k'&E, dúª

n (ω) =
√

[|ε (ω)| + |ε1 (ω)|]/2

�±��ò�Ì. ã 6 �Ñ
 Sn(O1−xNx)2 á�
�ò�Ç n (ω), ÏLò�Ç�±½5©Û÷*1
Æ�A¼ê. dã 6 �±wÑ, �X�,ßÝ�O
\, NXò�ÇÅìO�, Ì�r�Ä���. $
U«�¸�ªC 2.75, �,�3 1.25 eV �mÑy

��#¸, ùÌ�´�,�� N ��z, pU«
�NX�ò�¸ªu 0.25. Ø
3 1.25, 4.42, 6.23

9 8.01 eV ?�ò�¸	, ¥m�kéõ,¸, ù�
0>¼êJÜ�éA, Ñ�>fld������
[k'.
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4 ( Ø

� © æ ^ 1 � � n � � Ý � ¼ n Ø,

± WIEN2K ^ � � ² �, À � 
 2 × 2 × 2 �
¬ � Sn(O1−xNx)2 � ., O � 
 Ø Ó � , ß
Ý � N é SnO2 á � > f ( � � K �, © Û

 Sn(O1−xNx)2 NX���Ý!U�(�Ú1
Æ0>¼ê. (JL²: �,�NX��Yk~�
�O�, 3 x = 12.50% ��Y�Ä, �>5U�
r. �,�¤�U?�$U��£Ä?\
d�,

3 0.55—1.05 eV ��/¤
�^Ä�fÉÌU?,

¿�d�ºNC�)
õ{�16f (�Ç). �,
�d�Ú��?�U?þÑy
3�9;�­U
y�. ¬��>fÙØê!^Ý9oUþ�X�,
ßÝ�O\
O�, Ù¥ N �f¥�>fû½
^
Ý���. �,�0>¼êJÜ ε2(ω) Ì¥Ñy

n�Ì�[¸, ��[¸dU?m�>f�[�),

�NX�1ÆáÂ>O°, Ì�[¸ u)
ù£,

��Ç�0>Ì�éA, ��[¸�Ñ�>f��
[áÂk'.
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First-principle study on optoelectronic and magnetic
properties of Sn(O1−xNx)2 ∗
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Abstract

Optoelectronic and magnetic properties for Sn(O1−xNx)2 material were examined using quantum chemical ab initio calculation

software WIEN2K based on the first principles of density functional theory. The density of states, the band structure, the magnetism,

dielectric function and the refractive index are analyzed. The results show that the band gap frist narrowed and then increases with

the increase of doping concentration of nitrogen substituting oxygen, the band gap of Sn(O1−xNx)2 becomes the narrowest when the

concentration of nitrogen is 12.50%. As a result of the contribution of the electron of N 2p orbit, a low acceptor level appears in a

range of 0.55—1.05 eV, and the level spliting and the orbit overlap appear in the valence band and conduction band. The Sn—O bond

is stronger than the N—O bond. From the magnetism, the magnetic moment is determined by N atoms. We know that the optical

absorption edge is widened from the imaginary part of dielectric function. The main transition peak is red shifted and the refractive

index is corresponding to the dielectric function related to the transition of electrons.

Keywords: first principles, Sn(O1−xNx)2 material, optoelectronic and magnetic properties
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