
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 043104

SiN ©©©fff			>>>|||���¹¹¹eee���uuu111AAA555*

MI� �¬�† �� Üy± 4��

( àH���ÆÔn�&Eó§Æ�, #� 453007 )

( 2011c 4 � 14 FÂ�; 2011c 5 � 6 FÂ�?Uv )

��¡©Û	>|é©fu1A5�K�, �©æ^�Ý�¼ B3P86�{ 6-31g(d)Ä|, é SiN ©f?1


Ä�(��`z, ?
¦^¹��Ý�¼�{ (time dependent density functional theory, TDDFT),O�
ØÓ��9

���	>|�¹e SiN ©f�áÂÌ!-uU!�frÝ!�[ó4Ý. ÏL'�uy	>|éT©f�-u

U!áÂÌ!�[�frÝ9�[ó4ÝK�Ñ'�²w, `²
>|é SiN ©f�-uA5K�'�E,, AO

´3\|c�©fþk3��1«Åã�áÂÌ, ùéïÄ©f�u1ék¿Â. Ó�éT©f¤u��1Ì��

)Ån?1
©Û, ¿�®k¢�(J?1'�.

'�c: SiN, 	>|, -uA5

PACS: 31.15.−p, 31.15.ag, 31.50.Df

1 Ú ó

¹k7Ú�����©f�¤�á�äkû

Ð�ý�5!��5Ú­½5, ¿�d�'�B

¨, ÏdÙ��ðz�!ý��!*Ñù��, 3

8¤>´Eâ¥��2��A^, Ï
é¹k�

Ú7��á��ïÄ��éÉ­À [1,2], AO´§

�3>�Ú1�^�euÑ��1
���É�

à [3,4]. 	|�^e>f�±dÄ��[�õ«p

U?�-u�, l
�U¦©f�A5u)4�/

UC. 
©f�u1´dÙSÜ>f3ØÓ-u�

9-u��Ä��m�[�)�, Ï
-u�3ï

Äá�u1�¡åX�~­���^. 8c, ©f

3	|�^e�A5ïÄ�®¤�Nõ+�­�

�Ä:5ó�, äk�½�nØ��¿ÂÚ¢^d

� [5−7].

SiN ��¹k7Ú��zÜÔ¥���©f

ü�, ´ïÄ��7�zÜÔ[xéÐ��\:.


�©f´�¤á��Ä�ü�, á��5��Ù

�¤©f�A5�7,���', ¤±éÙ?1ï

Ä7½�±éïÄÙ¤�¤á��5�å��½

����^. ¿�§q´�@*	��Ì�(S

Ô���, Ïdé§u1A5�ïÄéUNÔn�

&Ä�åX�~­���^. g SiN ©f1ÌÄ

g��ÿþ±5, éu SiN �©f�ïÄ, ÃØ3

¢�þ�´nØþÑ®kØ�¤J. ÙÄ�9Ü©

-u��©f~þ@®²��(½ [8]; 
éÙ-

u��ïÄ�®�ÍØ�, X Bredohl�< [9] 3¢

�þÿ� B2Σ+—X2Σ+, K2Σ+—A2Πi, D2Πi—

A2Πi, L2Πi—A2Πi Ê�-u��1�-u�9

1�-u��Ä��Ä=Ä9�Ä6Ä��[1

Ì; Foster, Cai, Yamada�< [10−16] é SiN (A2Πi—

X2Σ+), (B2Σ+—X2Σ+) �[�u�1Ì�®�

L�[�Á�9nØïÄ; �´'u SiN ©f3	

>|�^e�©f-uA5�ïÄ��Q���.

Ïd, �©æ^�Ý�¼ B3P86�{ 6-31g(d)Ä|,

éÙ3kÃ	>|�^e�©f(�?1
`z.

U
¦^¹��Ý�¼�{ TD-B3P86/6-31g(d)ï

Ä
©f�c 7 �-u��-uU!áÂÌ!�

frÝ!�[ó4Ý�-uA5�	>|�'X.

2 O��n

	>|�^e©fNXM�îþ H �

H = H0 + Hint, (1)

Ù¥, H0 �Ã	|��M�îþ, Hint �|�©f

NX��p�^M�îþ. 3ó4Cqe, ©fN
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X�	>|rÝ F ��p�^U�

Hint = −µ · F, (2)

F �LË�>|, µ �©f>ó4Ý¥þ. �fr

Ý f �L«�

glflu =
8π2mca2

0σ

3h
s = 3.03966× 10−6σs, (3)

�

glAlu =
8π2e2σ2

mc
glflu = 0.667486σ2glflu, (4)

ª¥�r S, �fü  (e2a2
0),

S = |〈aΛ ‖er‖ a′Λ′〉|
2
. (5)

�â>f�[½Käk�Óg^õ­Ý�G�â

�±u)�[, ¤±©Ù¥=�Ä�Óg^õ­Ý

e�>f�[.

3 O�(J�©Û

3.1 ÃÃÃ			|||���^̂̂��� SiN ©©©fff���---uuuAAA555

�©æ^�Ý�¼ B3P86�{ 6-31g(d)Ä|

é SiN Ä�©f�.�`z, (JXã 1 ¤«, ¿

3dÄ:þ¦^ TD-B3P86�{O�
Ã	>|

�¹e©fc 7 �-u��-uU E!Å� λ!�

[ó4Ý µ!Ú�frÝ f , O�(JXL 1 ¤«.

dO���, 1 1!1 2 -u�, 1 4 Ú1 5 -

u��Uþ{¿G�, Ä��1 1!1 2 -u�k

�[u), áÂUþ´ 0.2680 eV,Å�´ 4626.7 nm,


¢�þ�*	�Å�� 5 µm �u�Å [13]; 1

n-u��éuÄ��Uþ´ 3.1106 eV,ù�¢

�ê� 3.091 eV[17] ÎÜéÐ, 
�¤áÂ�1f

Å�� 398 nm3��1��S, éïÄá��

u15�å�­���^, Ó�3¢�þ�*ÿ

�
 B2Σ+—X2Σ+ �[¤u��Å�3 390—

430 nm[15] �1f; Ä��1 6 -u��k�[u

), áÂÅ�� 321.28 nmUþ� 3.8591 eV�1f,


Ä��1 4!1 5 91 7 -u�vk�[u).

xy

z
2N 1Si

ã 1 SiN ©fÄ�(�

�©¤��� 321 nm�áÂÌ�¢�¥�z

71�u1�-uÌ 350 nm[18] ÎÜéÐ, >fá

Âù�Uþ�1f, �[�G�� 2Σ+ �1 6 -

u�, ÏLSÜUþ=zk�Uql1 6 -u�

�[�1 1 -u�l
u�Uþ� 3.59 eV,Å�

� 345 nm�1f; 
>f�k�UáÂ 3.1106 eV

�Uþ�1f�[�1 3 -u�, ÏLSÜUþ

D4��[�1 1 -u�, ?
2�[�Ä�. 


� Σ+ ×Π = Π, Π ×Σ+ = Π, g^ ∆S = 0, ¤±

l�[½Kþ5ùéu C∞v +�©f, >fd Σ+

G�� Π G�9 Π G�� Σ G���[�´#

N�. ù�u�ÑUþ� 2.84 eV,Å�� 436 nm�

1f, ù�¢�*	��Uþ�� 2.8 eV�u1¸

�� [18], äkù�Å��1f3��1Åã3J

��71��S.

L 1 SiN ©fdÄ��c 7 �-u��-uU E!Å� λ!�frÝ f!�[ó4Ý µ

1 1 -u� 1 2 -u� 1 3 -u� 1 4 -u� 1 5 -u� 1 6 -u� 1 7 -u�

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

E/eV 0.2680 0.2680 3.1106 3.7252 3.7252 3.8591 4.4555

λ/nm 4626.7 4626.7 398.59 332.82 332.82 321.28 278.27

f 0.0012 0.0012 0.0082 0.0000 0.0000 0.0281 0.0000

µ 0.4354 0.4354 0.3280 0.0000 0.0000 0.5449 0.0000

3.2 			>>>|||���^̂̂eee SiN ©©©fff���---uuuAAA555

�U
éÐ�ïÄ	>|é SiN ©f1Æ5

��K�, �©lØÓ��þé©f\	>|, �

Ä©f���áÂ9©f�é¡5, >|©O\

�©f¶� z ��þrÝ� 0.018 a.u., 0.024 a.u.,

0.030 a.u., 0.036 a.u., 0.042 a.u., 0.048 a.u.Ú y ��

þrÝ� 0.018 a.u., 0.024 a.u., 0.030 a.u., 0.036 a.u.,

0.042 a.u., 0.048 a.u..̂ B3P86/6-31g(d)k`zÑ

ØÓ	|^�e SiN ©f�Ä�­½(�, ,�¦

^ TD-B3P86�{O�ÑØÓ	>|^�e>f

lÄ��c 7 �-u��-uU E!Å� λ!�[

ó4Ý µ!9�frÝ f . O�(J©OXL 2!

L 3 ¤«.
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L 2 \ z ��>|� SiN ©f�c 7 �-u�-uÅ� λ!�frÝ f!�[ó4Ý µ

F /a.u. 1 1 -u� 1 2 -u� 1 3 -u� 1 4 -u� 1 5 -u� 1 6 -u� 1 7 -u�

0.018

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 5326.4 5326.4 406.54 338.77 338.77 320.14 282.36

f 0.0012 0.0012 0.0073 0.0000 0.0000 0.0279 0.000

µ 0.4533 0.4533 0.3126 0.0000 0.0000 0.5424 0.0000

0.024

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 5713.8 5713.8 409.64 341.05 341.05 319.68 283.93

f 0.0011 0.0011 0.0070 0.0000 0.0000 0.0278 0.0000

µ 0.4618 0.4618 0.3076 0.0000 0.0000 0.5408 0.0000

0.030

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 6154.1 6154.1 413.02 343.52 343.52 319.17 285.62

f 0.0011 0.0011 0.0067 0.0000 0.0000 0.0276 0.0000

µ 0.4727 0.4727 0.3028 0.0000 0.0000 0.5389 0.0000

0.036

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 6726.3 6726.3 416.70 346.20 346.20 318.60 287.45

f 0.0011 0.0011 0.0065 0.0000 0.0000 0.0274 0.0000

µ 0.4867 0.4867 0.2982 0.0000 0.0000 0.5366 0.0000

0.042

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 7511.7 7511.7 420.76 349.13 349.13 317.98 289.44

f 0.0010 0.0010 0.0062 0.0000 0.0000 0.0272 0.0000

µ 0.5058 0.5058 0.2938 0.0000 0.0000 0.5337 0.0000

0.048

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 8687.2 8687.2 425.28 352.36 352.36 317.28 291.65

f 0.0010 0.0010 0.0060 0.0000 0.0000 0.0269 0.0000

µ 0.5338 0.5338 0.2895 0.0000 0.0000 0.5303 0.0000

L 3 \ y ��>|� SiN ©f�c 7 �-u�-uÅ� λ!�frÝ f!�[ó4Ý µ

F/a.u. 1 1 -u� 1 2 -u� 1 3 -u� 1 4 -u� 1 5 -u� 1 6 -u� 1 7 -u�

0.018

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 6559.9 6559.9 415.70 345.47 345.47 318.76 267.34

f 0.0011 0.0011 0.0066 0.0000 0.0000 0.0275 0.0000

µ 0.4826 0.4826 0.2994 0.0000 0.0000 0.5372 0.0000

0.024

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/ nm 7021.34 7021.34 418.35 347.39 347.39 318.35 288.26

f 0.0011 0.0011 0.0064 0.0000 0.0000 0.0274 0.0000

µ 0.4938 0.4938 0.2963 0.0000 0.0000 0.5354 0.0000

0.030

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/ nm 7350.38 7350.38 420.01 348.58 34.58 318.09 289.07

f 0.0010 0.0010 0.0063 0.0000 0.0000 0.0273 0.0000

µ 0.5018 0.5018 0.2945 0.0000 0.0000 0.5342 0.0000

0.036

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 7586.2 7586.2 421.10 349.37 349.37 317.93 289.61

f 0.0010 0.0010 0.0062 0.0000 0.0000 0.0272 0.0000

µ 0.5075 0.5075 0.2934 0.0000 0.0000 0.5334 0.0000

0.042

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/ nm 7756.81 7756.81 421.84 349.90 349.90 317.81 289.97

f 0.0010 0.0010 0.0062 0.0000 0.0000 0.0271 0.0000

µ 0.5115 0.5115 0.2927 0.0000 0.0000 0.5329 0.0000
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L 3 YL

F/a.u. 1 1 -u� 1 2 -u� 1 3 -u� 1 4 -u� 1 5 -u� 1 6 -u� 1 7 -u�

0.048

S 2Π 2Π 2Σ+ 2Σ+ 2Σ+ 2Σ+ 2Σ+

λ/nm 7881.5 7881.5 422.36 350.27 350.27 317.73 290.22

f 0.0010 0.0010 0.0061 0.0000 0.0000 0.0271 0.0000

µ 0.5146 0.5146 0.2922 0.0000 0.0000 0.5325 0.0000

l±þ�O�(J�±wÑ:

1) \ z ��	>|��-u�Uþ�{¿�

¹�éuÃ	|�vku)UC, �,´1 1,2 -

u�Uþ{¿, 1 4,5 -u�Uþ{¿, 1 3,6,7-

u��Uþ�Ø{¿G�, �´�-u�Uþ�é

uÃ	>|��UþCzÑ�é'��. �X z �

�	>|�O��-u��UþCz�¹´Ø1 6

-u�Uþ�	>|�O�k���O�	, Ù{

�-u�Uþþ�	>|�O�
~�, �´~�

ÌÝ�Ø�Ó, 1 4 -u�Ú1 7 -u��-u

U�>|Cz~��ÌÝ'��, 
1 1 -u�Ú

1 3 -u��-uUCz�é��, Xã 2 ¤«;

éu\ y ���>|�-u��{¿�¹�éu

Ã	>|��vku)UC, �é�Ã>|��-

uUCzé²w, Ø1 6 -u�-uU�	>|O

�
O�	, Ù{-u�Uþþ´�	>|C�


~�, �´~�ÌÝÑé�, Xã 3 ¤«. oN5w

Ø+´ z ��\	>|�´ y ��\	>|, SiN

©f�-uU�	>|CzÑé�, �Ò´` SiN

©f�-uUé>|���CzØ´é¯a, ék

Ã>|Czé¯a.

0.020 0.030 0.040 0.050
0.0

1.0

2.0

3.0

4.0
7

6

4 5

3

1 2

E
/
e
V

F/a.u

ã 2 \ z ��	>| SiN ©f-uU

2) d±þ(J�±wÑ�-u���fr

Ý�É	>|Cz�K�, Ø+´éu z ��

�	>|, �´ y ���	>|, ¤O�Ñ�©

fdÄ��c 7 �-u���[�frÝÑ�

	>|�O�
~�, ~��ÌÝÑé�. 
�

�éuÃ>|���frÝ�kCz, �´Ä

��1 3 -u��[��[�frÝ���é

��. �frÝ�N>f�[Uå���, dª

f fkj = [8π2m/(3h2e2)] × (Ek − Ej) × |µkj |
2 �

±wÑ, �frÝ fkj ����ûu>fU?m

� Ek −Ej Ú�[ó4Ý�²� |µkj|
2 ��� [19],


d±þO��±wÑ	>|�^e�[ó4Ý

�Cz'�E,, Ï
>|���é�frÝ�K

��'�E,.

0.020 0.030 0.040 0.050

0.0

1.0

2.0

3.0

4.0 7

6

4 5

3

1 2

E
/
e
V

F/a.u

ã 3 \ y ��	>| SiN ©f-uU

3.3 			|||���^̂̂eee SiN ©©©fff���áááÂÂÂÌÌÌ

éu�-u��áÂÌ·��±w�éu\

ØÓ��	>|�¹eáÂÌCzéE,: 3 z �

��	>|�^eÑy
 310—420 nm�b	1

9��1��ráÂÌ, ùéïÄ SiN ©f��

�1u�Ìé­�. 
�1 1!1 2!1 3!1 4!

1 5 91 7 -u��áÂÌÑ´�	>|�O�

Å�O�, �k1 6 -u��áÂÌ�	>|�O

���~�; 3 y ���	>|�^e�´Ø1 6

-u��áÂÌ�	>|�O\Å�~�	, Ù{

�-u��áÂÅ�þ�	>|�O�
O�, Ó

�Ñy
��19��1NCÅ��áÂÌ. �´

ÓÃ	>|��¹��, >fáÂ1f�UþdÄ

��[�1 3!1 6 -u��ÏL©fSÜUþ�

D4�Uk�[�1 1, 2 -u�?
2�[�Ä
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�, ¿�éu C∞v +�©fg^ ∆S = 0, ��¹

e, Σ+ × Π = Π, Π × Σ+ = Π, ¤±l�[½K

þ5ùù
G���[�´�±u)�. l
uÑ

Uþ3 2.778—3.765 eV,Å�3 450—330 nm��

�1f, þ3��19ÙNC�b	1Å���S,

��¢�¥¤*	��1ÌÅ����� [20]. 


�u�1�k�UÏL©fSÜUþ�D4, ¦u

�1ÌÑyù£, l
�Ü?\��1��S. 3

��1���u�ÌBu*	, éá��u1ïÄ

k­��¿Â.

4 ( Ø

�©^ Gaussian03§S� [21] ¥� TD-B3P86

� { O � 
 k Ã > | � ¹ e SiN © f c 7 �

- u � � u 1 A 5, é ' © Û u y k Ã > |

� ¹ e © f 3 b 	 9 � � 1 1 « þ � 3 ' �

r�áÂÌ. 	>|é��-u��-uU9

�[ó4Ý�K�'��, �[�frÝÉ�

É � > | � ½ � � � K �, á Â 1 Ì C z �

é ² w, � é Ã 	 > | � Ñ y 
 # � á Â ¸,


�uykÃ>|é©f-uA5K�'��,

�´>|��CzéT©f�-uA5K�%

Ø´é�. Ïd·��I�éT©f�\�½

§Ý���>|Ò�±¢yÙ-uA5�N!,

¼�·�¤I��1Ì. AO��JÑ�´©

Ûuy SiN ©fkÃ>|�¹eþk711Ì

�áÂ, nØþ5ùáÂÌ�u�Ì´���,


3¢�þ�*	� SiN äkûB�´L�71

�u�1Ì, ùé1>+��Ú¤�äk­��¿

Â. -uA53	>|K�eu)�UC`²
>

|é©fu1A5�K�é²w, Ó�©ÙéT©

f¤u��1Ì��)Ån?1
©Û. TïÄ(

JØ=é±�3 SiN �u1A^þk�½���

�^, 
�ÏL�©�ïÄé�z7á�5��ï

Äå��½ë�9����^.
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Abstract

In order to find how the external electric field affects the SiNmolecule completely, in the present work the density functional

B3P86/6-31(g) method is adopted to optimize the ground state structure and the time dependent density functional theory TDDFT/6-

31(g) is used to study the absorption spectra, emission spectra, excited energies, oscillator strengths and dipole moments of SiN

molecule under different external electric fields. We find that the absorption spectrum, excited energy, oscillator strength and dipole

moment of SiN molecule are affected strongly by external electric field. One of the valuable results is that the absorption spectra in

violet light and blue wavelength ranges of SiN molecule eachhave a red shift. The luminescence mechanism of visible light for SiN

molecule is also investigated and compared with the experimental data.
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