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1 Ú ó

�Xy��ÆEâ�uÐ, <�m©&¢�±
Ó���>f>Ö�g^���^5��N [1,2],

±Ï3e��g^>fì�!��N8¤>´!
g^>fÆO�Åþ��A^. ��^5��N
´3�^5��Ná� (GaAs, GaN, ZnO) ¥�\
LÞ7á (Mn, Cr, Co, Ni, Fe �), LÞ7álf
O�
��N�lf/¤�oä^5Ú��N5
��á�. Ù¥�zÔ��N ZnO, duÙäk
�°��Y (3.4 eV), -f(ÜU (60 meV �m)

��p, Ó�äkûÐ1>!^1�A5, ��
�ÃÓ!dí, Ï
�ÉïÄö�à
¤�ïÄ
9: [3−5]. ùÙ¥ CoZnO ^5��Näk�õ
�ïÄ(J: <�ÏLØÓ���{ (M�v�
{ [6,7]!���A{ [8,9]!lfåí�{ [10]!ó
À-1í��È{ (PLD)[11,12]!©få	ò)�
{ (MBE)[13] �) r Co �,3 ZnO ¥, �¤�¬,

?1^5ÿþ. �´¢�(J�â��^��ØÓ

�Ø�Ó, 'XÓ��M�v�{, Park �<�

� CoxZn1−xO(x < 0.12) �¬ÿþ�^^5 [6], �
´ Yang �<����¬k¿§c^5 [7]; ØÓ¢
����{���¢�(J�ØÓ, |^ PLD �
{��� Zn0.98Co0.02O kc^5 [11,12], 
¦^�
��A��� CoxZn1−xO ®"�¬, ²ÿþ�¬
%Ly�^^5 [8,9]. du�� CoZnO ^5��N
�­E5!��5��, Ïd<�m©&¢Ù^5
�)Ån. ^5�)Ån�nØïÄ�{��´Ï
L1�5�nO� CoZnO �>f(�Ú^���
^, X Chanier �<$^ LSDA Ú LSDA+U �{O
�
 CoZnO �>f(� [17], Liu, Hu �<O��
Ñ
�� ¬p�c^5 [15,18], Chen �<�â1
�5�nÚ�AkÛ�[�(Ü�Ñ CoxZn1−xO

äk­½�c^Ä� [19]. ÏLnØ±9¢��
{ïÄ, ��@�k±eA«^55
: �«@�
^55g Co ìq [6] ½ö1�� [14] �Ñy; �
«@�Ù^55
u��  [10,15] ½ö Zn mY
 "���3 [16]; �«@�Ù^55
u��
� CoZnO ¬N¥� Co2+—Co2+ lf¤��5�
Cz¤Úå� [17].
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����, �¢���L§¥�),�!"�
k', 
�¼�­E5!��5p���^5
��N�¬, Ò�æ^¦þ~��¬��L§
¥1��!"��¢����{, ù´Ù�; Ù
� ´ � � � « ^55 
 ) º · � @ � k ? �
Ú & ? � 7 �. Ï d � © ¦ ^ ­ E5! � �5
p����A{��
���õ¬ CoxZn1−xO

(x = 0.01, 0.02, 0.05, 0.08, 0.125, 0.16) Ø¡¬áÚ
®á. ÿÁ
TX��¬��*(�!^5, ¿^
S�Üm����^�.(Ü1�5�nO�©
Û
TNX�^55
Ån. 3dÄ:þ, JÑ¢
yäk��A5�c^5�zÔ��N�ü��
U�å».

2 ¢ �

���A{¥�á�¦^zÆ©ÛX ZnO

Ú Co2O3 ® ". Ï L X � �û� (XRD) ¤
Ú � Ä � ¬ ^ r O (VSM) u ÿ
¦ ^ � � á
�, ± � y � á�� X Ý Ú ^5� � �5. U
ì CoxZn1−xO ©fª��d��'O�Ñ Co ¹
þ©O� 0.01, 0.02, 0.05, 0.08, 0.125, 0.16 ��'.

¦^>fU²¡��, ?1·�, ���þ!, ,
��z��¬�®"^Ø¡Å?1Ø¡,Ø�¤�
» 2.54 cm, þÝ� 0.50 cm ��¡, ��rz��
¬�Ø¡Ú®"�å�\p§>{¬3�í¥?
1�(. �A�(:§Ýã��� 6 ã, o�(�
m� 50 h, �¬g,e%�¿§�Ñ.

¦^ Y-2000 . X ��û�¤ (XRD) ÿþ�
¬�(�Ú¬âº�, ¦^ HH-10 �Ä�¬^r
O (VSM) é�¬?1^5�ÿþ, ¦^g1|ï�
8à{¿��A!^>{�A¢�¤ÿþ�¬�
>Æ5�.

3 (J�?Ø

² L 3 � í ¨ � e � � � � A { � �
� CoxZn1−xO ®"ÚØ¡Ñ¥yÉÚ (ZnO ®"
�xÚ!Co2O3 ®"�çÚ), 
��X Co ¹þ�
O\,ôÚììC�. ¬â���A� nm(�L 1).

ã 1 � CoxZn1−xO (x = 0.01, 0.08, 0.16) õ¬®
"�¬� XRD ãÌ, �¬�û�¸w«���A
{���TX��¬�X ZnO �(���, Ñ�

8�n ¶(�, ¬�~ê� a = b = 0.3249 nm,

c = 0.5207 nm, áu P63mc �m+ [1], ù`²=
¦ Co �,ßÝ�� 16%, ��»�8�n ¶(
�. ù� Ueda ïÄ�|^-1í��È{ (PLD)

��� Co �, ZnO, �uy CoO �û�¸, �M
Ý�� 50%�¢�(J�� [2].

ã 1 CoxZn1−xO (x = 0.01, 0.08, 0.16) õ¬®"�¬
� XRD Ì

�â XRD ãÌÚ�A�úª5O�X��¬
�¬�~ê. du ZnO áu8�¬X, ¬¡måd
eãúªû½:

1
d2

=
4(h2 + hk + k2)

3a2
+

l2

c2
, (1)

Ù¥ d �¬¡må, a, c �8�:
�Ä¥, =�¬
�~ê, h, k, l �¬¡�ê. Ù.�úª

2d sin θ = nλ, (2)

�W (Scherrer) úª

D =
0.89λ

β cos θ
. (3)

3 (2), (3) ª ¥ D � ¬ â ² þ � », λ =
0.154056 nm, β �û�¸��p°, θ �û��.

é u ZnO(002) Ú (100) û� ¸ 
ó, d (1) ª
��,

c = 2d(002), a = b =

√
4
3
d(100).

|^þãn�úªO��¬¬�(�êâX
L 1 ¤«.

d L 1 ¥ � ê â � ± w Ñ: � X Co ¹ þ
d 1%Jp� 16%, a ¶� c ¶¬�~ê���
C�. Co2+ lf�»� 0.065 nm, Zn2+ lf�
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»� 0.074 nm[21], Ïd, ·�@� a ¶� c ¶¬
�~ê�X Co ¹þO\
C�´du���»
� Co2+ lf?\ ZnO8�n ¶¬N(�¥, �
� Zn2+ lfÚå� [7].

lã 1 ÚL 1 ¥, ·���±*ÿ� (100)
Ú (002) ¸ � 2θ ��X Co ¹þO\
O\�ù

£y�. �â (2) ª, θ �O\, 
 λ ØC, K¬¡m
å d A~�. ùù£y��`²
 Co2+ lf?\
¬N(�¥�� Zn2+ lf. 3�©��¡nØO
�¥, `zµþ�¬� (supercell) �¬�~êÚ�
fS�I�, ·�uy�¬��¬�~êk¤~�,

� XRD ÿþ(J��.

L 1 �â (1), (2), (3) ªéã 1 �õ¬®"�¬�(�O�©Û(J

õ¬®"�¬ 2θ(100)/(◦) 2θ(002)/(◦) 2θ(101)/(◦) D/nm d(100)/nm d(002)/nm d(101)/nm a/nm c/nm

Co0.01Zn0.99O 31.74 34.38 36.22 61.8 0.2817 0.2606 0.2478 0.3253 0.5212

Co0.08Zn0.92O 31.76 34.42 36.22 77.4 0.2815 0.2604 0.2478 0.3250 0.5208

Co0.16Zn0.84O 31.80 34.46 36.26 80.3 0.2812 0.2600 0.2475 0.3247 0.5200

lã2(a)��, ¿§eØ¡�(� CoxZn1−xO

(x = 0.01, 0.02, 0.05, 0.08, 0.125, 0.16) �¬�^z
rÝ σ–H ­�����, �^Ú
�åþ�",

Ã^¢y�, ����Çþ��, �¬Ly�^^
5. �X Co �¹þ�O\, �¬��þ^^^z
Ç χ üNO\. �¬ Co0.16Zn0.84OØ¡�(¬G
��þ^^^zÇ�TX��¬����: χ =
3.19 × 10−5 emu·g−1·Oe−1 (1Oe = 79.5775 A/m).

· � � ÿ þ
¿ § e ® " � ( � CoxZn1−xO

(x = 0.01, 0.02, 0.05, 0.08, 0.125, 0.16) �¬�^z
rÝ σ–H ­�, ���¢�(J�Ø¡�(�
� �. ® " � ( � � ¬ Ñ L y � ^ ^5. � ´
�þ^^^zÇ χ ��Ø¡�(��¬�, �
¬ Co0.16Zn0.84O ®"�(��þ^^^zÇ�T
X��¬����: χ = 9.34×10−6 emu·g−1·Oe−1.

~ § e CoxZn1−xO ^ ^5� (Ø� Liu[9],

Wang[8], Yin[24] �<^ ZnO � Co3O4, Co2O3 ®"
?1���A�¢�(J��, �� Sati �<^©
få	ò (MBE) )�� Zn1−xCoxO (x = 0.003—

0.007) ü¬���� [22]. ·�©Û
T^^5
/¤��Ï: �¢��á�^ Co2O3 ®"Ú ZnO

®". ²L XRD ÿþ, ÃÙ¦,��. ²L^5
ÿþ, Co2O3 ®"Ly�²w�c^5, 3	^|
rÝ� 2800 Oe e, Ù^zrÝ σ �� 2 emu/g.

ZnO � σ–H ­���Ç¥y�f�K�, =`²
X ZnO ®"vkc^5, �k�f�|^5. ü
�� Co2O3 3 1168 K (895 ◦C) �¬©)� CoO,


 CoO ´�c^5Ô�, 3G� (Néel) §Ý TN

? (TN = 291 K) ^zÇ¬Ñy4�� [23]. 3��
�¬��p§Ý�� 1473 K, �L 1168 K (895 ◦C),

XJ´ü�� Co2O3 ¬�©)� CoO. �du�
��A¥�þ� Co2O3 ´��þ� ZnO ®"?
1·Ü, ¿�du Co 3 ZnO ��MÝp, � Co

�MÝ�L 50%â¬k CoO �ÛÑ [2]. Ïd·�
@�3p§e, �¬¥� Co2+ A´�� Zn2+ ?
\ ZnO �¬�, /¤
��� CoxZn1−xO á�,


�/¤ CoO �. ù:lã 2(b) ¥, 3 CoO �G
�§Ý TN ? (TN = 291 K) ^zÇ�Ñy4��
����y. ù�©Û(J�� Liu �< [9] ^
b	�� (UV-Vis) áÂÌ�y� Zn0.95Co0.05O ¥
Ø�3 CoO ��¢�(J��. UV-Vis áÂÌL
² Zn0.95Co0.05O ¥� Co2+ ´?uo� �¬N
|¥, XJ´�3 CoO �, K Co2+ ´?u8�
 �¬N|¥�. CoxZn1−xO á����A5�
� Neal �<^ MCD y¢ [12]. nþ¤ã, ·�@�
¿§eØ¡�(Ú®"�(� CoxZn1−xO �¬�
^^55
u��� CoxZn1−xO á��^z1�,


�5
u1��.

·�ÿþ
 CoxZn1−xO (x = 0.05, 0.125) õ
¬®"��þ^zÇ�ê χ−1 �§Ý T �¢�
­�, Xã 2(b) ¤«, ¿�âØp – 	d (Curie–

Weiss) ½Æ, [Ü
ùü^¢�­�, 	í��
�� Co0.05Zn0.95O �¬�Øp – 	d§Ý θ1 =
−22.7 K, Co0.125Zn0.875O � ¬ � Ø p – 	 d §
Ý θ2 = −35.5 K. ùü�ê�� Liu[9] �<ÏL
Øp – 	dúª	í��Ñ θ = −25 K, Yin[24] �
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<¢�(J (θ = −19.1 K—−53.9 K), Sati[22] �<
¢�(J (θ = −60 K±30 K) ��. �â χ−1 � T

�'X, �±�� CoxZn1−xO (x = 0.05, 0.125) õ
¬®"�¬�^5Ly��c^Ä�. du χ−1

� T 'X3G�§Ý TN NC¬ l���e�
­, l Liu[9], Sati[22], Yin[24] �<¢�­�w CoZnO

�¬� TN < 77 K, �¿§ 300 K �u TN, ã 2(b)

¥ 300 K «� χ−1 � T Eáu�5'X, ¤±¿§
e�¬Ly�^^5.

ã 2 CoZnO � ^5� ­ � (a) ¿ § e CoxZn1−xO

(x = 0.01, 0.05, 0.08, 0.125, 0.16) õ¬Ø¡�(�¬� σ–

H ­�; (b) CoxZn1−xO (x = 0.05, 0.125) õ¬®"�
¬ χ−1–T ­�

�
? � ÚïÄ � � CoxZn1−xO á��
^ z Å n, · � 3 Chanier[17] (æ ^ Co2Zn6O8,

Co2Zn10O12, Co2Zn14O16 � f N X ?1O �)

Ú Hu[18] (æ^ Co2Zn6O8 �fNX?1O�) �
<nØO�Ä:þ, æ^Äu�Ý�¼nØ (DFT)

��³²¡Å�{, ÏLg^4z�Û��ÝC
q (LDA CA-PZ), lf¢�d>f�m��p�^
5� —– Åð�³ (norm-conserving pseudopoten-

tial), ¿�Ä
 CoZnO ��r'é Mott ý�NN
X�±d Hubbard ;åP�.?1£ã [17,18], é
�A>f�¥Õü½�^?1
��: Co � 3 d

> f � U � � 8eV[17]; Zn � 3 d > f � U �
� 10.5 eV[25]; O � 2 p >f� U �� 7 eV[25]. æ
^ LSDA+U �{O�©Û
 Co0.125Zn0.875O (æ
^ 32 ��f� Co2Zn14O16 NX?1O�, �ã 3)

�C�ÚgC� 4 « �� Co2+—O2−—Co2+ ^
��ÍÜ�¹.

ã 3 Co2Zn14O16 �¬�, �¹ 16 � Zn �fÚ 16 � O

�f� 2 × 2 × 2 n ¶(�, ^ü� Co �f�O Zn

�f � A-F ¥�ü�, |¤ 4 «ØÓ�|� (AB, BC,

AE, BF )

Xã 3 ¤«. O�¥·�¦^ ZnO ���¬�
~ê�¢�� a = b = 0.3249 nm, c = 0.5205 nm �
E
 2 × 2 × 2 �8�n ¶(� ZnO �¬� (su-

percell), ¿^ü� Co ��ü� Zn �fl
��
ßÝ� x = 12.5 %� Co0.125Zn0.875O. �E�¬�
�, Äk`zµþ�¬��¬�~êÚ�fS�I,

��Uþ�� 750 eV, k :�À��Ì Monkhorst-

Pack �{, ��z�Ý� 4 × 4 × 2. O��r O �
f 2s22p4, Zn �f 3d104s2, Co �f 3d74s2 ��d
>f?n. ·�O�
NX�oUþ!U�(�!
��Ý (DOS)!Ü©��Ý (PDOS) ±9>fÙ
Û©Û, æ^ã 3 ¥ 4 «|� (AB,BC,AE,BF )
3c^Ú�c^g^|Ü�¹e��¬��o
Uþ EFM Ú EAFM. zé Co �f�^�p�
^rÝ J d J = EAFM-FM = EAFM − EFM 5
(½ [17,18,26,27]. XJ J �´K�, L²�c^
| � o U þ � $ � ­ ½; � �, X J J ´ � �,

K`²c^�|�oUþ�$�­½. L 2 �
Ñ
 Co0.125Zn0.875O(Co2Zn14O16)4 «|�e^�
��^~ê J = EAFM-FM �O�(J. lL¥
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· � � ± � � 4 « | �, EAFM-FM < 0, Ï d,

Co0.125Zn0.875O Aäk�c^Ä�. 
�XL 2

¤«, ·�O���C�� AB, BC � EAFM-FM

O�(J�ê�Ú�½�^5� Hu �<^ v-

Espresso ^�Ú LSDA+U (U = 0.31 eV) O�(
J�� [18]. du Chanier[17] Ú Hu[18] À��¬
���, ��Ä�C��^ (AB,BC) �¹, 
·
�À��¬��� (2 × 2 × 2), Ó��Ä
gC
� (AE,BF ) ��¹, Ïd·��O��Ð�|±

�� CoxZn100−xO á���c^SÄ��(Ø.

·��ÏLg^4z�2ÂFÝCq (GGA-

PBE) O�
 Co0.125Zn0.875O(Co2Zn14O16) �>f
(�, ��Ý (DOS) ©Ùã� Chanier �<O�(
J�� [17], �c^SNXäk��N�>f(�,

UY� 3.05 eV, '·�O� ZnO UY 3.00 eV k¤
O\, 
c^SNX�UYK~�� 2.93 eV, �c
^SÚc^S�NXþ��7á�>f(� [4,32].

ùO�(J�·�ÿþ
X��¬�>{þ�u
X ZnO �¢�(J�ÎÜ, �� Wi, Kobayashi �
<�d�1>fÌÿþ¢�(J�� [33,34].

éu�c^S/¤Ån, Chanier )º��C�
�c^SUþü$��Ï´duü� Co2+—Co2+

lf¤�ØU�c^S�5Uþ�Cz, �c^S
¤���±�5 6 �>fUþ�eü [17]. 
·�
�Ä� O2− lf�»� 0.140 nm, Co2+ lf�»
� 0.065 nm, Co �f�»� 0.1253 nm[21], =¦´
�C�� Co2+—Co2+ lf�m (må 0.3250 nm)

Ñ�X O2− lf, Ã{��¤�, 
A´ Co2+—

O2− ¤� (må 0.2016 nm, �ã 3 ¥� AB, BC �
�C�|�), (Ü�fÙÛ�O�(J©Û (�
L 2), ·�@� Chanier �)ºØU¤á. �c^S
�/¤ÅnAl�C�� Co2+—O2−—Co2+ nö
¤�?1©Û, lL 2(L¥ O �f� Co2+—O2−—

Co2+ ¥�k�, Zn �f��cö O2− �ë�) �
±wÑ>f=£5Æ: �X ZnO �', O2− � p >
f�[� Co2+ � d >f;�, E¤ O �f���
>fê²w~�, �c^�� O �f$�����
þ�>f; 
 Co �fØ=���>f�
du O

�f� p >f�[, E¤ d >f;�¼�
>f,

�´�c^�� Co �f¼�>fê�c^��
��
. ù�m����^�S�Ü (Anderson) �
. [28,29] �[5Æ�ÎÜ. �
?�Ú`² CoZnO

NX¥�C� Co2+—O2−—Co2+ m����^,

·��
���.ã (�ã 4). �Ä�3 ZnO NX
�o¡N¬|�^e, Ê­{¿� Co2+ � 3d U
?3�¤ eg, t2g fU?, du d >f�3 ��
U�u¬|3�U, Co2+ � 7 � 3d d>f�gW
¿ eg, t2g fU? [17]. du Co ^5lf� d >f
ê�L���, �â Pauli �n, �[� Co lf�
>füS��u E(↑↓)(�ã 4 � (a), ã¥� O2−

lfg^>fê�«¿, ���[�äN>fê),

Ï� E(↑↓) ¿ E(↑↑), �â±eúª:

m���È©

A[23] =
[

1
E(↑↓)2

− 1
E(↑↑)2

]
b2J ≈ b2Jpd

E(↑↓)2
; (4)

����È©

Jpd =
∫∫

ψ∗
d(r)ψ∗

p(r′)
Qp × Qd

|r − r′|
ψd(r)

× ψp(r′)d3rd3r′; (5)

>f�[È©

b[23] =
∫

ψd′
1
(r)V (r)ψp′(r)d3r. (6)

b �>f�[È©, E(↑↓) Ú E(↑↓) ´ O2− � p >
f�[� Co2+ � d ;�¤O\�Uþ. Jpd � O2−

� p >fÚ Co2+ � d >fm�����È©, Qp

� O2− ��[� p >f, Qd � Co2+ � d >f;
��Â�>f.

·�ÏLoà{ÿþ
 CoZnO NX�>{Ç
�u 7.5×105 Ω·m, duTNX>{�, �Cý�N,

Ïd·�@� CoZnO NX^ÄuÛ�>fnØ�
S�Ü�.)º´·��, Ü©©z [30,31] ^Äu
£ãLÞ7á��Û�>f�.5)º CoZnO N
X�^5Ån¿ØT�. Ó�·�rS�Ü�.¥
�����È© Jpd ¥úª?1U?, r�5� (5)

ª¥ [23] � e2 U� Qp ×Qd, éuÛ�>fnØ�
[>Ö��ê, 
éu CoZnO NXKA���ê.

·�lL 2 ¥êâ, ±9 (4), (5), (6) ªÑu5
)º CoZnO NX�c^SÓ`��Ï: k�â (5)

ª, UìL 2 ¥ Qp, Qd �ê�, íÑ����È
© Jpd < 0, 2�â (4) ª, b2 > 0, E(↑↓)2 > 0,

Jpd < 0, Ïd Co2+—O2−—Co2+ nöo�m��
��^È© A < 0, �d��� CoZnO Ä�AL
y��c^5. ù�dã 2(b) ¥�·�ÿþ� χ−1

� T ¢�(J�Î. � T > TN, �¬Ly�^^
5. ù�ã 2(a) ¥�¢�­��Î.
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 é u �
© z [7,11,12] ¥ ¢ � ( J �
� CoZnO NXLy�c^S, ·�@�ùÌ�´
��  [15,18,35,36] ½ö �  [37] ��3. Liu[15],

Hu[18], Weng[36] �<ÏLnØO�©Oy²
æ
­���� !��d��� �±p� CoZnO

�c^S, Wu[35] æ^ X ��áÂC>(�Ì�
©Û, (½
 Co lf��� ��p�^´�)
¿§c^S�Ì��Ï, Lu �< [37] ÏL¢�L
²ü¬ CoZnO NX¥ Zn ��Y é¿§c^5
K�'�� �. 
·���� CoZnO X��¬
du3�í¨�e?1 50 h �(, ,�g,e%,

���f¿©�A, �dJ�)�� ½ � ,

ù� Qi �< [38] |^�>f�vEâÿÁ
ò
»§Ý3 900 ◦C ±þ����A{��� Co �
, ZnO �¬¥ Zn � Ú� ì"�®Ä��Ø
�(Ø��.

l·�U?�S�Üm����^�.5í
Øäk��c^5�zÔ��N�±k±eü�
�U�å»5¢y: �´éu ZnO ��N
ó,À
J��,�LÞ7á�� 3d >fêA�u���,

ù�ÏLO����,LÞ7á��� O �f�
m��^âk|uc^S/¤; �´éu�zÔ�
�N��
ó, ÀJ��zÔ��N� O �f 2p

>f�LÞ7á� 3d >f;�A��ÍÜ, ù�
O����,LÞ7á��� O �f�>fÍÜ
â¬k|uc^S/¤.

ã 4 CoZnO NX¥�C� Co2+—O2−—Co2+ m���
�^�. (�Þ�g^��) (a) �c^ÍÜ; (b) c^ÍÜ

L 2 Co0.125Zn0.875O (Co2Zn14O16) ¥�ü� Co2+ ^5lf?u 4 «|�e���^���^�O�©Û(J

�¬� ^5 oUþ /eV EAFM-FM Hu[9] �O� �¬��o �¬�ý >Ö=£ (��>f +, ��>f −)

Supercell /meV EAFM-FM/meV ^Ý /uB é^Ý /uB Zn �f �k O �f Co �f

ZnO DM −27438.1813 —– —– —– —– −0.78 +0.78 —–

�C� AB FM −26205.1727 −31.4 −26.76
6.00 6.16 −0.23 +0.08 +1.05

AFM −26205.2041 3.86 × 10−14 6.08 −0.22 −0.07 +0.75

�C� BC FM −26205.1644 −82.1 −80.57
6.00 6.15 −0.23 −0.05 +1.07

AFM −26205.2465 1.68 × 10−14 5.85 −0.24 −0.08 +0.76

gC� AE FM −26205.1364 −48.6 —–
6.00 6.15 −0.23 −0.01 +1.02

AFM −26205.1850 −7.85 × 10−15 6.23 −0.79 +0.78 −0.74

gC� BF FM −26205.1643 −80.9 —–
6.00 6.15 −0.23 −0.05 +1.07

AFM −26205.2452 −5.10 × 10−14 5.86 −0.24 −0.09 +0.76
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4 ( Ø

� © æ ^ ­ E5! � �5p � � � �
A � ( { � �
� � � CoxZn100-xO (x =
0.01, 0.02, 0.05, 0.08, 0.125, 0.16) �®"�¬ÚØ
¡�¬?1
�*(�!^5�ïÄ. XRDû�L
²�¬¥ Co2+ lf�� Zn2+ lf?\
 ZnO ¬
�¥, 3¿§e�¬þLy�^^5. |^�Ý�
¼nØ (DFT + U ) �{O���� Co2Zn14O16 N
X�zé Co �f�^�p�^rÝ J �´K�,

L²�c^|�oUþ�$�­½, ù� χ−1–

T ¢ � ­ � ( J � �; T � c ^SN X ä k �
�N�>f(�, UY� 3.05 eV; $^O���
� Co2Zn14O16 NX� Co, O �f>f[£êâ (�
L 2), �ã
 Co2Zn14O16 NX¥^5Ån���
�C� Co2+—O2−—Co2+ m����^�. (�
ã 4), ¿U?
T�.¥� O2− � p >fÚ Co2+

� d >fm�����È© Jpd úª (� (5) ª).

Ó��âU?�S�Üm����^�.5JÑ
ü��U�å»5¢yäk��c^5�zÔ�
�N.
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Magnetic properties of CoxZn1−xO by
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Abstract

Co doped ZnO powders and tablets are synthesized by the solid-state reaction. The X-ray diffraction experimental results indicate

that Zn2+ ions are substituted by Co2+ ions. All samples are paramagnetic at room temperature. Using density functional theory

(DFT+U ) method, the calculated results indicate that the antiferromagnetic ground state of Co2Zn14O16 system is more stable. By

calculating the electronic transfers of Co and O atoms, it is indicated that the mechanism of the magnetism tends to the indirect exchange

model of Co2+–O2−–Co2+ bonding in CoZnO system. The direct exchange formula Jpd of Anderson model is modified. Two possible

ways to achieve the intrinsic ferromagnetic oxide semiconductor are putted forward.
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PACS: 75.50.Pp, 71.15.M

* Project supported by the Natural Science Foundation of Fujian Province, China (Grant No. 2010J01305), the Science and Technology Program

of Quanzhou, China (Grant No. 2009G8), and the University Service West Coast of Fujian Province, China (Grant No. A100).

† E-mail: wangf@qztc.edu.cn

157503-8


