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ÏLÄu�Ý�¼nØ�2ÂFÝCq GGA+U �{éc^� SrCoO3 �>f(�Ú^Æ5�?1
XÚï
Ä. (JL²: �X U ��O�, éu Co lf, Ìg^��� t2g Ú eg ��$U?£Ä, 
gg^��� t2g Ú eg

��pU?£Ä; O 2p >f��©ÙÄ�Ø� U Cz. U�(�L², U ��3 7—8 eV �m�, SrCoO3 d7á5
=C��7á5. U ��u 7 eV �, Co lf�^Ý�X U ��O�A�¤�5O�, 
� U �u 7 eV �Ä��±
ØC. (Ü¢�(J, �©@� U � 8 eV ����O�(J��Ün, Co lf�^Ý� 3.19 µB, � SrCoO3 LyÑ
�7áA5.

'�c: �Ý�¼nØ, >f(�, ^Æ5�

PACS: 71.15.Mb, 71.20.−b, 75.47.Lx

1 Ú ó

LÞ7áaWv¶�zÔá�duÛA�
ÔnA5, X
^>{!�7á5�, ¦Ùäk
ã � � d 3 A ^ d �, ' X ^ � Ö Þ ¥ � ^ 5
D a ì � [1,2], Ï d d a � z Ô á � ¤ � � c
�ïÄ9: [3−7]. aWv¶��zÔÒ´8c
�É'5�á���, X Ba0.5Sr0.5Co0.8Fe0.2O3−δ,

LaxSr1−xCoyFe1−yO3−δ, LaCoO[8−11]
3 �, du�^

�ß���á�!xzJÚ-�>³�>4á�
�
�2�ïÄ.

SrCoO3 ��,�«aWv¶��zÔ���
´ïÄö�'59:. XïÄuy: du¿§c^
5¦Ù�\äk¢^d� [12−18]; p§��Pk�
�p��'ßUå¦Ù¤�dåã���'ß�
�á� [19] �. �´, éu SrCoO3 �>f(�Ú
^Æ5���3X�
�Æ. 8c�ïÄ(J�
©�ü«*:, Jaya � [15] @� SrCoO3 äk7á
A5, ¦�æ^gU muffin-tin ;��5|ÜÚ�
f¥Cq (self-consistent linear muffin-tin orbital and

the atom-sphere approximation) �{O�uy, c^
� SrCoO3 äk7áA5, Fermi U??���Ý
Ì�´5
u Co 3d �Ú O 2p ���z; ^5O
�uy Co Ú O �^Ý©O� 1.691 µB Ú 0.190

µB, Co Ú O  þ�^Ý²1ü�. Takeda � [16] ½
ÏL^5ÿþ�� Co Ú O �^Ý©O� 1.25 µB

Ú 0.3 µB. ØJuy, ùüö�ïÄ(J´��¬
Ü�.

, 
, Zhuang � [17] Ï L U � O � % u y:

SrCoO3 äk�7áA5, =Ù¥��g^��
�U�(�Ly�7á5, 
,	��g^���
U�(�Ly�ý�N5�, Ä�c^� SrCoO3

�>f(��¥mg^� (intermediate-spin state,

IS), >f|�� (t42ge
1
g ); Ó�, ^5O�(Jw

«, Ä�c^� SrCoO3 �^Ý� 2.96 µB. 3¢
�þ, Taguchi � [18] ÏL^5ÿþ�� SrCoO3

�^Ý� 3.0 µB. w,, Taguchi �¤��¢��
� Zhuang ��nØO�(J��©¬Ü, �´ù
%�þã Jaya Ú Takeda ��ïÄ(J��$�.
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�3�Æ��Ï, �©æ^Äu�Ý�¼nØ�
2ÂFÝCq GGA+U ÚÝKM\Å (PAW) �{
é SrCoO3 �>f(�Ú^Æ5�?1XÚïÄ,

� SrCoO3 3>f+�¥�A^JønØ�â.

2 O��{

Ä u Û � � Ý C q (local-density approxima-

tion, LDA) ½2ÂFÝCq (generalized-gradient ap-

proximation, GGA) �lÞ�U�(��{®�2
�^5O�LÞ7áWv¶�zÔ�>f5�!
^Æ5�� [20−22]. �´éur'éNX, d�{
¿��©k� [21,22]. 
 LDA+U ½ GGA+U Cq
éuO�r'éNX��°(, Ù¥ U � Hubbard

Coulomb ü½�p�^ëê [23−26]. SrCoO3 ��
�«LÞ7á�zÔr'éNX, �Ä Hubbard

Coulomb ü½�p�^ëê?1O�¬�\k�.

Ïd, �©æ^ GGA+U Ú PAW �{, §S�æ
^
 VASP ^�� [27−29]. 3O�L§¥, À�Ä
u SrCoO3 ü�� 2×2×2 ����O�ü , Bril-

louin «æ^ 8×8×8 � Monkhorst-Pack . k ��,

²¡Å��äU� 500 eV. Âñ�â�oUCz�
u 10−5 eV. 3(�µþO�¥, �f �Ñ��

µþ, Âñ�â´��S¤k�f� Hellmann-

Feyman åþ�u 0.01 eV/Å.

3 (J�?Ø

3.1 SrCoO3 ���>>>fff(((���

Ä k, · � O � 
 SrCoO3 � > f ( �.

Solovyev � [30] @� Coulomb ü½�p�^U U

3r'éXÚ¥U¦�W¿;�Uþ~�, 
�W
¿;��UþO�, ùÒ¦ d U�/¤
� U 'é
��Y [31], = U ��ò3��§ÝþK�O�(
J. Ïd, �©é U l 0 � 9 eV ����©O?1

O�. ã 1 � U l 0 � 9 eV ����¤éA�
o��Ýã, Ù¥ Fermi U?®£�î�I� 0 eV

?. lo��Ýã�±wÑ, � U ���� 0 � 7

eV ���, >f(�w« SrCoO3 Ly�7á5,

=Ìg^��Úgg^��3 Fermi U??Ñk
>f��3; � U ��� 8 Ú 9 eV �, SrCoO3 K
m©Ly��7á5, =Ìg^��3 Fermi U?

?vk>f��3, 
gg^��3 Fermi U??
k>f��3. þã(J`²,U ���� 7—8 eV

�m�,���, SrCoO3 �>f(�òk7á5
=C��7á5. lo��Ýã¥��±uy, �
X U ��O\, Ìg^���>f�Åì�$U?
��£Ä, 
gg^���>f�Åì�pU?�
�£Ä. ù`², �X U �O\, ü«g^���>
fm�ü½�^ÅìOr.

ã 1 SrCoO3 �o��Ýã U ���� 0—9 eV ���ê;

:J��gg^���>f�, ¢��Ìg^���>f�,

0 eV :� Fermi U?

�?�ÚïÄ U �é SrCoO3 �>f(��
K�, ·��Ñ
 SrCoO3 3ØÓ U �e�Ü©�
�Ýã (ã 2). du Sr �>f�A�ØÉ U �K
�, =é SrCoO3 >f(��CzK�ØåwÍ�
^, Ïd, 3Ü©��Ýã¥��Ñ
 O lfÚL
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Þ7á Co lf�Ü©��Ý. Ó�, Fermi U?®
£�î�I� 0 eV ?.

ã 2 SrCoO3 � O Ú Co lf�Ü©��Ýã U ���
� 0—9 eV ���ê; J�� Co � t2g ;�, :J�� Co � eg

;�, ¢�� O � 2p ;�, î�Iþ��Ìg^���>f�,

î�Ie��gg^���>f�, 0 eV :� Fermi U?

nÜ'��� U �¤éA�Ü©��Ýã,

t2g Ú eg É U �K�Czé�, Ìg^��� t2g
Ú eg ;��X U ��O�
Øä�$U?��£
Ä, 3 Fermi ¡NC�G�ê�Øä~�, ��Ý
�Åìª�u". 
gg^��� t2g Ú eg �X U

�O�
�pU?��£Ä.

,	, *	ØÓ U �¤éA�Ü©��Ýã
¥ t2g Ú eg �¸�Cz, 3 U = 0 eV �, ¦+ü
öÑkØÓ§Ý�¸�, �´�Nþ'�²þ, 

�¸��é
ó�Ø
²w, ù`² Co lf� 3d

;�Û�z§Ý�f. �´�X U �O\, Ìg
^��3$U?«�ÅìÑy
é²w�k¸,


�k¸éA�U�°Ý½éÄ, �8¥
�Ü
©� 3d �. ù`² 3d ;�äk�é�r�Û�
5, dd`² 3d ;��Û�5�X U �C�
O
r. 2w O 2p �Ü©��Ý, O 2p ;�Ì�©Ù
3 −6 eV � Fermi U?NC, É U �Cz�K��
�. l�N
ó, Ìg^��3 Fermi U??��
�ÝÌ�5g O 2p ;�, �� U ��O\�\²
w. 3gg^��, ù�y�KØ´é²w.

Co 3d ;�� O 2p ;��m�,z§Ý½
� U ��Cz
Cz. X U = 0 eV �, 3d ;�
Ú 2p ;�¸��þ­Ü, `²ü«;�m,zé
r. �´�X U �O\, ù«,z§Ý¬k¤Cf,

`² U �O\¬k¤�f;��,z§Ý. ù´d
u Co � 3d ;�É U �K���, 
 O � 2p ;�
É U ��K���, l
¦ 3d Ú 2p ;�m�­U
«�k¤C�.

éu Co lf�>f|�½?1
ïÄ. ·
���, 5 � 3d ;�duÉ¬N|��^¬©�
� t2g Ú eg, Ù¥ t2g n�;��Uþ�é�$,

eg ü�;��Uþ�é�p. l Co �Ü©��
Ýãuy, 3 U = 0—7 eV ¥, éuÌg^��, p
u Fermi U?�;�Ì�d eg ;�|¤, `² eg

Ñ�ü÷; éugg^��, $u Fermi U?�;
�Ì�d t2g ;�|¤. 3 U > 8 eV ��, éu
Ìg^��, 3d ;�Ñ?u Fermi U?±e, `²
Ìg^��� 3d ;�®�Üü÷; éugg^�
�, $u Fermi U?�;�Ì�d t2g ;�|¤. Ó
�, �Ä� Co 3d ;�� O 2p ;��m�,z�
A, ·�@� Co �>f|�A�¥mg^� (S

¸ 3/2, t42ge
1
g, 3d6L). ù�(J� Potze � [32] æ
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^ atomic-multiplet O����(J´���. @o
�. U AT�Û����(J´Ün�, ·��I
�l SrCoO3 �^Æ5�þ5(½.

3.2 SrCoO3 ���^̂̂ÆÆÆ555���

·�O�
 SrCoO3 ¥LÞ7á Co lf�^
Ý. ã 3 ©O�Ñ
ØÓ U e Co �^Ý�Cz­
�, �±wÑ Co ^Ý�X U �O�¥O�ª³.

Ù�Ï�±d U �é 3d ;��K�?1)º. Ì
g^��� 3d ;��X U �O��$à£Ä�,

§�C��\J±��>f. 
�3 U O��L§
¥k�õ�>fÓâ3Ìg^��;�þ, Ó��
�gg^��� 3d ;�þ�>fÅì~�, l

�� Co lf^Ý�O�.

ã 3 Co lf�^Ý� U ��Cz­�

3>f(�O�¥, � U = 8 eV �, SrCoO3 d
7á5=C��7á5, 
d� Co �^Ý� 3.19

µB, ù�¢�� 3.0 µB ÎÜ�Ð [18]. 2d SrCoO3

�>f|� (S = 3/2, t42ge
1
g, 3d6L) �±�� Co �

nØ^ÝA� 3 µB. � U �u 7 eV �, Co �^Ý
CzØ�; 
3 U �u 7 eV �, Co �^ÝA�� U

�¤�5'X. ·�@�, Ù�Ï´� U �u 7 eV

�, du Co Ìg^��� 3d ;��÷, ¦�� U

�O\
Øäk>f=£�Ìg^��� 3d ;�,

l
^ÝCz�²w; � U �u 7 eV �, Co Ìg
^��� 3d ;�®AC¿÷, >fÄ�Ø2=£,

Ïd^ÝCzØ²w. ,	, O��� O  ½�3
�½^Ý, �� 0.14 µB. O  �^Ý´d Co 3d ;
�Ú O 2p ;�m�,z�^Úå�. ,z¦�k
Ü© O 2p >f?\ Co 3d ;�, l
3 O  Úå
^Ý.

l>f(�Ú^Æ5�O�(JnÜ©Û5
w, ØJuy U = 8.0 eV �O���� SrCoO3 5�
�±cïÄ���¢�ÚnØ��'�´���,

�´Ün�, 
ù� U �� Anisimov ���� (U

= 7.8 eV) ´��� [33]. Ïd, ·�@� SrCoO3 ä
k¥mg^���7áA5, Co  ^Ý�� 3.19

µB.

4 ( Ø

�©ÏL�Ý�¼nØO�XÚïÄ
c^
� SrCoO3 �>f(�Ú^Æ5�. U ���Ø
Ó¬��K�O���� SrCoO3 �5�. ÏL�
®k�¢�ÚnØïÄ(J�'�, ·�@� U

� 8.0 eV ´'�Ü·�; æ^ U = 8.0 eV O���
�(Jw« SrCoO3 ´�«�7á�N, Ù>f|
�Ny�¥mg^� (S = 3/2, t42ge

1
g, 3d6L), Co  

þ�^Ý�� 3.19 µB.
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Abstract

Using density functional calculations within the generalized gradient approximation and Hubbard U framework, the electronic

and the magnetic properties of SrCoO3 are investigated. The result shows that the spin-up t2g and eg states of Co shift toward the

lower energy with the increase of the U value, whereas the spin-down t2g and eg states of Co shift toward the higher energy. The O 2p

state almost does not shift with the increase of U value. The electronic structure of SrCoO3 changes from metal state into half-metal

state around U of 7–8 eV. The magnetic moment of Co ions increases linearly with U increasing for U < 7.0 eV, and almost does not

change for U > 8.0 eV. Compared with the experimental results, U = 8.0 eV is thought to be suited for the study of SrCoO3. The

result shows that with U = 8.0 eV, the magnetic moment on Co site is 3.19 µB and SrCoO3 has the half-metallic nature.
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