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Be1−xMgxO Ü7�U�A5��(�­½5ïÄ*

xä©† �2º oãN Ü7 ��

( uH���Æ1>fá��EâïÄ¤, 2² 510631 )

( 2012 c 2 � 26 FÂ�; 2012 c 6 � 29 FÂ�?Uv )

æ^Äu�Ý�¼nØ�²¡Å�³�{, én ¶Úñí¶(� Be1−xMgxO Ü7�¬�~ê!U�A5Ú
/¤U?1O�, ©Û
ØÓ Mg |©eØÓ(�� Be1−xMgxO Ü7¬�~êÚU��É. (JL²: �X Mg |
©�O�, n ¶Úñí¶ Be1−xMgxO Ü7�¬�~êÑ�5O\, �§��UYÑÅì~�. éu�Ó Mg |
©� Be1−xMgxO Ü7,ñí¶(��UY��un ¶(�. � Mg |©� 0.89 �, Be1−xMgxO Ü7dn ¶�
=C�ñí¶�.�
¦nØ��¢�����, é Be1−xMgxO Ü7�UYO��?1?�, ��n ¶Úñí
¶ Be1−xMgxO Ü7�UY�­Xê b �©O� 3.451 eV Ú 4.96 eV. én ¶ BeO-MgO-ZnO n�Ü7�UYÚ
�­Xê�¬�~ê'X�
©Û.

'�c: �Ý�¼nØ, Be1−xMgxO, U�A5, �­½5

PACS: 71.15.–m, 71.15.Mb, 71.20.–b

1 Ú ó

�X1>���×�uÐÚì�ó²�Øä
Jp, b	Ú�b	ì�á��¤�ïÄ�9:.
/-3x��Ná� (ZnO, BeO Ú MgO) du3á
Å��¡äk`É�ÔnzÆ5U, 3b	1>
ì�!��U>³!&ÿì!Ø>��Úàÿ�
Óü��+�¥kXd3�A^d�
É�<�
�4�'5 [1]. 8c��� p . ZnO á�®²
� Ryu � [2,3] ï�Ñ5. �p5U� ZnO ì�, Ø

U¼� p Ú n .�,	, �I�¢yì�UY
�k�N!. ïÄuy [4], � ZnO ¥�\ Mg �U
/¤ MgxZn1−xO Ü7, ÏLUC Mg ��,|©
�¼� MgxZn1−xO Ü7UY3 3.37 eV � 4.3 eV
�mN!. �du MgO �~§­½(��ñí
¶(�, 
 ZnO �n ¶(�, ¤± ZnO ¥�
\ Mg �N´�)�©l. Ohtomo � [5] �ïÄ
�Ñ: � Mg |©pu 0.36 �, MgxZn1−xO Ü7Ò
Ñy�©l, dn ¶(�=C¤ñí¶(�. ù

�, MgxZn1−xO Ü7�UYN!ÒÉ���. �

)ûd¯K, Ryu � [6.7] JÑ^ BexZn1−xO Ü7
�O MgxZn1−xO Ü7, ¿|^ HBD (hybrid beam
deposition) ¢��{, ¤õ/3 c-Al2O3 Ä�þ�
�Ñ Be �,|©3 0 � 1 � BexZn1−xO Ü7�
�, ²uÿ, ���,��� BexZn1−xO Ü7Øu
)�©l, ¼�� BexZn1−xO Ü7UY3 3.37—
10.6 eV �m, ù�Ò��ÿ°
 ZnO ì��U
Y��, ¦ ZnO �A^+���, �)����
U_«.

1�5�n�³O��{®²2�A^uá
�O��ïÄ¥ [8−12]. ~X, @âé� [8] æ^²
¡Å�³nØ�{©Û
 Mg �,én ¶ ZnO
Ü7�>f(�K�. Chen Ú Kang[9] |^1�5
�n�{ïÄ
 MgxZn1−xO Ü7�(�ëêÚU
�A5. ¶�¸� [10] Ú¤åR� [11] |^�Ý�
¼nØ��^�³�{én ¶ BexZn1−xO Ü7
�>f(�ÚUYCzA5?1
nØïÄ. nØ
(J�¢�(JÎÜ�éÐ.

�
����� BeO-MgO-ZnO n�Ü7�
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U�A5, �I�é Be1−xMgxO Ü7?1U�A
5ïÄ. 8c= Shi Ú Duan[12] ©Û
 Be �,éð
 ¶ MgO UYÚ�­Xê�K�, 
~§e BeO
�­½(��n ¶(�, MgO�ñí¶(�, ¤
±ïÄn ¶(�Úñí¶(�� Be1−xMgxO Ü
7�ky¢¿Â. �©|^1�5�n�²¡Å
�³�{, én ¶Úñí¶ Be1−xMgxO Ü7�
U�A5Ú�(�­½5?1ïÄ, �e�Úm
Ð Be1−xMgxO Ü7�¢�ïÄÚì�(��OJ
ønØ|±.

2 �.�ï�O��{

�©O��n ¶Úñí¶ Be1−xMgxO Ü
7(�Xã 1 ¤«. éun ¶ Be1−xMgxO Ü7

(�, ´ÏL3n ¶ BeO (2×2×1) ���¥�
\ØÓ Mg |©¼�. 
ñí¶ Be1−xMgxO Ü7
(�, ´3ñí¶ MgO (1×1×2) ���¥�\Ø
Ó Be |©¼�. ù�§�����NXÑ¹k 16
�f, Ù¥ O �f�ê� 8 �, Be Ú Mg �f�ê
�� 8 �. �n ¶ BeO ���¥��� Be �f
� Mg �f���,/¤
n ¶ Be0.875Mg0.125O
n�Ü7, 
�ñí¶ MgO ���¥�� Mg �f
� Be �f���, /¤
ñí¶ Be0.125Mg0.875O
n�Ü7. ÏLUCn ¶ BeO ���¥ Mg �f
�� Be �f��ê½ñí¶ MgO ���¥ Be �
f�� Mg �f��ê, Ò�� Mg |©� 0, 0.125,
0.25, 0.375, 0.5, 0.625, 0.75, 0.875 Ú 1 �n ¶Ú
ñí¶ Be1−xMgxO Ü7. Ü7�.O�æ^�Ð
©¬�ëê�¢�� [13,14].

ã 1 Be1−xMgxO Ü7����O��. (a) n ¶ Be0.875Mg0.125O (�; (b)ñí¶ Be0.125Mg0.875O (�

�©�O�ó�æ^Äu�Ý�¼nØ [15]

(Ü²¡Å�³�{ CASTEP ^�� [16] 5�
¤. é>f�m����'�A¦^2ÂFÝ
Cq (GGA) � PW91[17] �Y?1?n, >fÅ¼
êÏL�²¡ÅÄ¥|Ðm. �~�²¡ÅÄ¥
��ê, æ^�^�³ [18] 5£ãlf¢�d>
f�m��p�^³, ¿À� Be, Mg Ú O �f
� Be 2s2, Mg 2p63s2 Ú O 2s22p4 |���d>f
?n. 3�´ K �m¥, ²¡Å�äU Ecut Ú�
Ùp�«¦Ú Monkhorst-Pack[19] .� K ��:
À�éO�(J�°Ý¬�)K�, �d·�k
c[én ¶ BeO Úñí¶ MgO �²¡Å�ä
U Ecut Ú K ��:?1Âñ5ÿÁ, Xã 2 ¤«.
ÿÁ(Jw«, 3�ÄO�ÅUåÚO�(J°

Ý�ü�¡�¹e, �©én ¶ Be1−xMgxO Ü
7O�À��²¡Å�äU Ecut � 400 eV, K �
�:� 4×4×5; Ï�?�ÚO\²¡Å�äUþ
Ú K ��:ê8éO�(J�K��±�Ñ, é
ñí¶ Be1−xMgxO Ü7O�À��²¡Å�ä
U Ecut � 400 eV, K ��:� 6×6×3. O�ck
é Be1−xMgxO Ü7�¬�Ú�f�I?1`z,
�.`zæ^ BFGS �{ [20], gU`zëêko
�: UþÂñ°Ý�� 5.0×10−6 eV/atom, �fm
�p�^åÂñ°Ý�� 0.01 eV/Å (1 Å = 0.1 nm),
¬NSAåÂñ°Ý�� 0.02 GPa, �f�� £
Âñ°Ý�� 5.0×10−4 Å. §Séo�ëê`z�
¤�I�´o�ëêþ��Ú`uÂñ°Ý, O�
(J-<÷¿.
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ã 2 O��.�Âñ5ÿÁ (a) n ¶ BeO ��äU Ecut �oUþ Etot �'X; (b) n ¶ BeO � K ��:�oU
þ Etot �'X; (c)ñí¶ MgO ��äU Ecut �oUþ Etot �'X; (d)ñí¶ MgO � K ��:�oUþ Etot �'X

3 (J�?Ø

3.1 n ¶ BeO Úñí¶ MgO � (
�`z

�
'�ØÓ Mg |©e Be1−xMgxO Ü7�
(�ëêÚU�A5�É, kén ¶ BeO Úñ
í¶ MgO �(�?1`z, O�(J�L 1. O�
���n ¶ BeO ¬�~ê a = 2.751 Å Ú c =
4.469 Å, ù�¢�� [13]  � 1.2%�m; O���
�ñí¶ MgO ¬�~ê a = 4.295 Å, �¢�� [14]

��Ø� 2%,·��O�(J�Ù¦©z [11,21] �
nØ��Î. lL 1 �UYêâ�, O����n
 ¶ BeO UY�Úñí¶ MgO UY�Ñ²w�
u¢��, ù´du GGA Cqe� DFT nØ3?
ná��Y¯K��3O�(J $��5¯K,
��©�UY��Ù¦©z�nØ� [11,21] ��
�. Ïd�©¤æ^�O��{ÚÀ��O�ëê
´���.

L 1 (�`z�n ¶ BeO Úñí¶ MgO ����¬�~

ê a, c ÚUY Eg O���¢�� (½nØ�) �'�

n ¶ BeO ñí¶ MgO

�© ¢�� [13] nØ� [11] �© ¢�� [14] nØ� [21]

a/Å 2.751 2.718 2.741 4.295 4.212 4.261

c/Å 4.469 4.408 4.454

Eg/eV 7.063 10.6 7.293 4.279 7.8 4.423

3.2 ØÓ Mg |©e Be1−xMgxO Ü7�
¬�~ê

é(�`z��n ¶Úñí¶ Be1−xMgxO
Ü 7 ? 1 O �, · � � � Ø Ó Mg | ©
e Be1−xMgxO Ü7�¬�~êÚ���NÈ(
J. dã 3(a) �, n ¶ Be1−xMgxO Ü7�¬�~
ê awz Ú cwz Ñ� Mg |© x ��O�
O�, ÷
v Vegard ��5�§ [22], L«�

αwz = 0.5896x + 2.7676, (1)

cwz = 0.6868x + 4.4427. (2)

d (1) Ú (2) ª � [ Ü � § � �, ù p ¬
� ~ ê cwz ��Ç � u awz ��Ç, L ² n 
¶ Be1−xMgxO Ü 7 � c � � É Mg � , | ©
�K���. � Mg |© x �� 0.818 �, n 
¶ Be1−xMgxO � a ¶¬�~ê� ZnO Ná�� a

¶¬�~ê (αZnO = 3.25 Å) �Ó, ù�ï�¬��
�� ZnO\Be0.182Mg0.818O É�(�ì�Jø
n
Øë�.

lã 3(b) �±wÑ,ñí¶ Be1−xMgxO Ü7
�¬�~ê aRS � Mg |©�Cz'X�ÎÜ Ve-
gard ��5�§, L«�

αRS = 0.605x + 3.6933. (3)
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�â (1)—(3) ª��Ç�,ñí¶ Be1−xMgxO
Ü 7 ¬ � ~ ê aRS É Mg | © � K � 0 u n
 ¶ Be1−xMgxO Ü 7 � ¬ � ~ ê awz Ú cwz

� m. n ¶ Úñí¶ Be1−xMgxO Ü 7 � ¬
� ~ ê Ñ � Mg | © O � 
 O �, Ì � ´ Ï�
Mg � l f � » ' Be � l f � » �. ã 3(c)

w « n ¶ Úñí¶ Be1−xMgxO Ü 7 � � �
�NÈ� Mg |©�O���5O�, �n ¶
Be1−xMgxO Ü7����NÈÉ� Mg |©K
���. Ó� Mg |©en ¶ Be1−xMgxO Ü
7����NÈo�uñí¶ Be1−xMgxO Ü7
����NÈ.

ã 3 ØÓ Mg |©�n ¶ Be1−xMgxO (a) Úñí¶ Be1−xMgxO (b) ¬�~ê±9���NÈ (c)

3.3 Be1−xMgxO Ü7�U�A5

�â`z�� Be1−xMgxO Ü7(�, ·�
O�
 Mg |©� 0, 0.5 Ú 1 ��n ¶Úñ
í¶ Be1−xMgxO Ü7U�ã, Xã 4 ¤«. ã
¥�d�º½Â� 0 eV. dã 4 �U�ã�: Ø
Ó Mg |©e� Be1−xMgxO Ü7, Ùd�ºÚ�
�.Ñ u Γ : �, ¤±§��UYÑ��
�UY. ��X Mg |©�O�, n ¶Úñí
¶ Be1−xMgxO Ü7�UYÑ3Øä~�, Ù¥
n ¶ Be1−xMgxO �UYd BeO � 7.063 eV ~
�� MgO � 3.33 eV, 
ñí¶ Be1−xMgxO �U
Yd BeO � 7.72 eV ~�� MgO � 4.24 eV. þ
ã Be1−xMgxO Ü7UY� Mg |©O�
~�
´Ï� Be �7á5' Mg �f, 
� Be—O ��
' Mg-O �á, E¤ Be-O �m�>f�­U§Ý
' Mg—O �m��, = Be—O �m��U' Mg—
O �m��, ù�� Be1−xMgxO Ü7¥ Mg |©

ØäO�, Be1−xMgxO Ü7��fmo�UÒÅ
ì~�, l
¦ Be1−xMgxO Ü7�UY�ÅìC
�. ��5¿�´, �Ó Mg |©� Be1−xMgxO Ü
7UY,ñí¶(���un ¶(�. Fan � [23]

3©Û Mg1−xZnxO Ú Cd1−xZnxO Ü7�, ��
�aq(J. lã 4 �U�ã�w�, � Mg |©
� 0.5 �, Be0.5Mg0.5O U�ã¥��Úd�«��
U�êÑ' Mg |©� 0 Ú 1 ��õ, Ly��È
�, ù´du Be0.5Mg0.5O Ü7¥ Be Ú Mg �;�
>fÓ�� O ;�>fu),z�^, 3,z¥
r¦ Be0.5Mg0.5O �U�u)©�¤�. dã 4(b),
(c), (e) Ú (f) �U�ã��, ?3 –38 eV NC�U
�LyÑ�r�Û�5, ù´d Mg � 2p �>f¤
Óâ. 
 –16 eV NC�U��¥y�½Û�5, ´
d Be 2s2p �>f� O 2p �>f�ÓÓâ. duØ
Ó Mg |©e Be1−xMgxO d�º�U�CzÑ�
��ú, �±ýÿ Be1−xMgxO �d��Çäk�
��þ.
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ã 4 Be1−xMgxO Ü7U�ã (a), (b) Ú (c) ©O�n ¶ (WZ) BeO, Be0.5Mg0.5O Ú MgO U�ã; (d), (e) Ú (f) ©O�ñ
í¶ (RS) BeO, Be0.5Mg0.5O Ú MgO U�ã

3.4 Be1−xMgxO Ü7�UY?�

ã 5 �Ñn ¶Úñí¶ Be1−xMgxO Ü7U
Y� Mg |©�Cz'X. �âã 5 �UYO�
(J (J�IÑ) �, nØ���n ¶ BeO UY
�� 7.063 eV, '¢�� 10.6 eV[13] �� 33.4%,
O � � � �ñí¶ MgO �� 4.28 eV, � ¢ �
� 7.8 eV[14] �', � � 45%�m. ��@�,
�Ý�¼nØ3¦) Kohn-Sham �§�, vk�
Ä�ïÄNX�-u��¹, E¤-u�>fm
�'é�A�$�, l
ÚånØ��'¢��
 � 30%—50%, �éuïÄØÓ�,|©eÓ�
á�NX5U�Cz5Æ, ���nØ(JEk
¿Â [24]. �
¦UYO���¢�� (½ýÿ�)
���, ÒI�éUYO��?1?�. 8cUY

�?��{kõ«, X GW �.{ [25]!LDA+U

{ [26] Ú}
�f{ [27]. �©3}
�f{�
Ä:þ, b� Be1−xMgxO Ü7�UY�� Mg |
© x ¤�5'X, �� Be1−xMgxO Ü7�UY?
�úª:

Ecor
g,Be1−xMgxO = Ecal

g,Be1−xMgxO + (1 − x) · ∆EBeO

+ x · ∆EMgO, (4)

Ù¥

∆EBeO = Eexp
g,BeO − Ecal

g,BeO,

∆EMgO = Eexp
g,MgO − Ecal

g,MgO,

þ ª Ecal
g,Be1−xMgxO Ú Ecor

g,Be1−xMgxO © O
� Be1−xMgxO Ü 7 � U Y O � � Ú?� �, x

� Be1−xMgxO Ü7� Mg |©, Eexp
g,BeO Ú Ecal

g,BeO
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©O� BeO �UY¢�� (½ýÿ�) ÚO��,
Eexp

g,MgO Ú Ecal
g,MgO ©O� MgO �UY¢�� (½

ýÿ�) ÚO��. d (4) ªÒ�±é Be1−xMgxO
Ü7�UY?1?�. éun ¶ Be1−xMgxO
Ü7, ·�À��?�ëê�n ¶ BeO ¢�
� 10.6 eV[13] Ún ¶ MgO ýÿ� 1.655 eV[28],
?���n ¶ Be1−xMgxO UY��3 6.862—

10.6 eV �m, �ã 5(a) ¤« (ã¥^ç�/IÑ).
éuñí¶ Be1−xMgxO Ü7, du8c"�ñí
¶ BeO �¢��Úýÿ�, ùp�âñí¶ MgO
�¢�� 7.8 eV[14] ÏL}
�f{?1²£?
�, ¼��ñí¶ Be1−xMgxO UY��3 7.8—
11.24 eV �m, �ã 5(b) ¤« (ã¥^çn�/
IÑ).

ã 5 Be1−xMgxO UYO��Ú?��� Mg |©�Cz'X (a) n ¶ Be1−xMgxO Ü7, (b)ñí¶ Be1−xMgxO Ü7

·���, n�Ü7�UY��,|©�'X
��^�g��§L«:

Ecor
g,Be1−xMgxO = (1 − x) · Eexp

g,BeO + x · Eexp
g,MgO

− b · x · (1 − x), (5)

ª¥ b�UY�­Xê, ´���á�¬�~ê!
�f½lf�»!>K5ÚNX(�µþÏf�
'�þ. rþã Be1−xMgxO Ü7�UY?��Ï
L (5) ª[Ü, ��n ¶Úñí¶ Be1−xMgxO Ü
7�UY�­Xê b ©O� 3.451 eV Ú 4.96 eV. ù
p b �é��U´du Be � Mg �lf�»��
��¤�. �
�����n ¶ BeO-MgO-ZnO
n�Ü7UY�Ú�­Xê�¬�~ê�'X,
·�|^ (4) ªÚ (5) ªé©z [8] � Mg1−xZnxO
Ü7Ú©z [11] � Be1−xZnxO Ü7?1UY?
�Ú[Ü, �� Mg1−xZnxO Ü7Ú Be1−xZnxO
Ü7�UY?��Ú�­Xê b ���uã 6
¥. dã 6 ��, n ¶ Be1−xMgxO, Be1−xZnxO
Ú Mg1−xZnxO Ü7�UY�¬�~ê'XÑ 
l�5[Ü, Ù¥ Be1−xZnxO Ü7 lÌÝ��,
Mg1−xZnxO Ü7 lÌÝ��, �§�Ä�÷v

�g��§[Ü. §��UY�­Xê b ��3X
e'X: bBe1−xZnxO > bBe1−xMgxO > bMg1−xZnxO.
du Be, Mg Ú Zn �lf�»©O� 0.27, 0.57
Ú 0.60 Å, ¤± Be � Zn, Be � Mg Ú Mg � Zn
� l f � » � � © O� 0.33, 0.30 Ú 0.03 Å,
� bBe1−xZnxO, bBe1−xMgxO Ú bMg1−xZnxO �� 6.8,
3.451 Ú 0.79 eV �éA, =éuÓÒn�Ü7, Ù
�lf�»����, ÙUY�­Xê b �Ò��.
¤±`n ¶ BeO-MgO-ZnO n�Ü7�UY�
­Xê b ��lf�»����'.

3.5 Be1−xMgxO Ü7��(�­½5

/¤U�^uµ��,á�NX��(�­
½5 [29]. �
©Ûn ¶Úñí¶ Be1−xMgxO Ü
7��(�­½5, �©�/¤UO�æ^±e
úª [10,30]:

E
Be1−xMgxO
f = E

Be1−xMgxO
tot −(1−x)EBeO

tot −xEMgO
tot ,

(6)
ª ¥ E

Be1−xMgxO
tot , EBeO

tot Ú EMgO
tot © O é A

Be1−xMgxO, BeO Ú MgO N X ² ( � ` z
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ã 6 n ¶ BeO-MgO-ZnO n�Ü7�UY�¬�~ê�
'X

ã 7 n ¶ (WZ) Úñí¶ (RS) Be1−xMgxO Ü7�/¤U
� Mg |©�Cz'X

��oUþ, x � Be1−xMgxO Ü7� Mg �,|
©. d (6) ªO�Ñ�n�Ü7/¤U���^
uµd�,�fén�Ü7(��­½5K�.
XJ/¤U�K�, �NÑ�,��Ü7NX'

�NX�­½. XJ/¤U���, �NÑ�,
��Ü7NX­½5'�NX��. XJ��
��, �,/¤�Ü7JÝÒ��. �âã 7 n
 ¶Úñí¶ Be1−xMgxO Ü7�/¤U(J�,
Ø+´ Mg �,n ¶ BeO �´ Be �,ñí
¶ MgO /¤� Be1−xMgxO n�Ü7, Ù/¤U
Ñ���, L²�,� Be1−xMgxO Ü7�­½
53ü$. ��5¿�´, � Mg |©�u 0.89
�, n ¶ Be1−xMgxO Ü7�/¤U�uñí
¶ Be1−xMgxO Ü7�/¤U, =d���n 
¶ Be1−xMgxO Ü7(�'ñí¶ Be1−xMgxO Ü
7(��­½, 
� Mg |©pu 0.89 �, ñí
¶ Be1−xMgxO Ü7(�'n ¶ Be1−xMgxO Ü
7(��­½, ¤±` Mg |©� 0.89 �´n ¶
Úñí¶ Be1−xMgxO Ü7��(�=�:.

4 ( Ø

�©Ä u � Ý � ¼ n Ø � ² ¡ Å � ^
� ³ � {, ïÄ 
 n ¶ Be1−xMgxO Úñí
¶ Be1−xMgxO Ü7�¬�~ê!U�A5Ú�(
�­½5. O�L²: n ¶Úñí¶ Be1−xMgxO
Ü7�¬�~êÑ� Mg |©�O�¥�5O�,
�UY� Mg |©�O�
~�. �Ó Mg |©
e� Be1−xMgxO Ü7UY,ñí¶(���un
 ¶(�. ÏL?� Be1−xMgxO Ü7�UYO
��, ��n ¶ Be1−xMgxO Ü7�UY?��
3 6.862—10.6 eV �m, ñí¶ Be1−xMgxO Ü7
�UY?��3 7.8—11.24 eV �m, §�éA�
UY�­Xê b �©O� 3.451 eV Ú 4.96 eV. b

���Ì�
u Be Ú Mg �lf�»����.
d	, ©¥©Û
n ¶ BeO-MgO-ZnO n�Ü
7�UY�Ú�­Xê�¬�~ê�'X. ÏL
O� Be1−xMgxO Ü7�/¤U, uy� Mg |©
� 0.89 �, Be1−xMgxO Ü7�n ¶�(�=C
�ñí¶�(�.

[1] Bagnall D M, Chen Y F, Zhu Z, Yao T, Koyama S, Shen M Y, Goto
T 1997 Appl. Phys. Lett. 70 2230

[2] Ryu Y R, Zhu S, Look D C, Wrobel J M, Jeong H M, White H W
2000 J. Cryst. Growth 216 330

[3] Ryu Y R, Lee T S, White H W 2003 Appl. Phys. Lett. 83 87

[4] Park W I, Yi G C, Jang H M 2001 Appl. Phys. Lett. 79 2022

[5] Ohtomo A, Kawasaki M, Koida T, Masubuchi K, Koinuma H 1998
Appl. Phys. Lett. 72 2466

[6] Ryu Y R, Lee T S, Lubguban J A, Corman A B, White H W, Leem
J H, Han M S, Park Y S, Youn C J, Kim W J 2006 Appl. Phys.
Lett. 88 052103

[7] Kim W J, Leem T H, Han M S, Park I M, Ryu Y R, Lee T S 2006

237101-7



Ô nÆ� Acta Phys. Sin. Vol. 61, No. 23 (2012) 237101

J. Appl. Phys. 99 096104
[8] Jin X L, Lou S Y, Kong D G, Li Y C, Du Z L 2006 Acta Phys. Sin.

55 4809 (in Chinese) [@âé, £­�, ��I, o%â, Úy�
2006ÔnÆ� 55 4809]

[9] Chen X H, Kang J Y 2008 Semicond. Sci. Technol. 23 025008
[10] Ding S F, Fan G H, Li S T, Chen K, Xiao B 2007 Physical B 394

127
[11] Shi L B, Li R B, Cheng S, Li M B 2009 Acta Phys. Sin. 58 6446

(in Chinese) [¤åR, oNW, ¤W, o²I 2009ÔnÆ� 58
6446]

[12] Shi H L, Duan Y 2008 Eur. Phys. J. B 66 439
[13] Kim W J, Leem T H, Han M S, Park I M, Ryu Y R, Lee T S 2006

J. Appl. Phys. 99 096104
[14] Zhu Y Z, Chen G D, Ye H, Walsh A, Moon C Y, Wei S H 2008

Phys. Rev. B 77 245209
[15] Hohenberg P, Kohn W 1964 Phys. Rev. B 136 864
[16] Huang H C, Gilmer G H, de la Rubia T D 1998 J. Appl. Phys. 84

3636
[17] Perdew J P, Chevary J A, Vosko S H, Jackson K A, Pederson M R,

Singh D J, Fiolhais C 1992 Phys. Rev. B 46 6671
[18] Vanderbilt D 1990 Phys. Rev. B 41 7892

[19] Monkhorst H J, Pack J D 1977 Phys. Rev. B 16 1748

[20] Fischer T H, Almlof J 1992 J. Phys. Chem. 96 9768

[21] Amrani B, Rashid A, El Haj H F 2007 Computational Materials
Science 40 66

[22] Vegard L 1921 Z. Phys. 5 17

[23] Fan X F, Sun H D, Shen Z X, Kuo J L, Lu Y M 2008 J. Phys:
Condens. Matter 20 235221

[24] Zhang Y, Shao X H, Wang C Q 2010 Acta Phys. Sin. 59 5652 (in
Chinese) [Ü�, 
¡ù,�£r 2010ÔnÆ� 59 5652]

[25] Massidda S, Resta R, Posternak M, Baldereschi A 1995 Phys. Rev.
B 52 16977

[26] Anisimov V I, Aryasetiawan F, Lichtenstein A I 1997 J. Phys:
Condens. Matter 9 767

[27] Tang X, Lu H F, Zhao J J, Zhang Q Y 2010 J. Phys. Chem. Solids
71 336

[28] Wang Z J, Li S C, Wang L Y, Liu Z 2009 Chin. Phys. B 18 2992

[29] Xu X F, Shao X H 2009 Acta Phys. Sin. 58 1908 (in Chinese) [M
#u, 
¡ù 2009ÔnÆ� 58 1908]

[30] de Paiva R, Alves J L A, Nogueira R A, de Oliveira C, Alves H W
L, Scolfaro L M R, Leite J R 2002 Mater. Sci. Eng. B 93 2

237101-8



Ô nÆ� Acta Phys. Sin. Vol. 61, No. 23 (2012) 237101

Energy band properties and phase stability of
Be1−xMgxO alloy∗

Zheng Shu-Wen† Fan Guang-Han Li Shu-Ti Zhang Tao Su Chen

( Institute of Opto-electronic Materials and Technology, South China Normal University, Guangzhou 510631, China )

( Received 26 February 2012; revised manuscript received 29 June 2012 )

Abstract

The lattice constants, energy band properties and phase stabilities of wurtzite (WZ) and rocksalt (RS) Be1−xMgxO alloys are

investigated by the plan-wave pseudopotential method in the generalized gradient approximation based on the density functional theory.

The theoretical results show that the lattice constants of WZ and RS Be1−xMgxO alloys increase and their bandgaps decrease as the

content x of Mg increases from 0 to 1. For the same Mg content values, the bandgap of RS Be1−xMgxO alloy is greater than that of

WZ Be1−xMgxO alloy. The WZ phase will transit to the RS phase when the Mg content is about 0.89. In order to obtain the theoretical

values in accordance with the experimental results, the bandgaps of WZ and RS Be1−xMgxO alloys are corrected and the values of

bandgap bowing parameter b are 3.451 eV and 4.96 eV for WZ Be1−xMgxO and RS Be1−xMgxO respectively. The reason of large

band gap bowing parameter b is attributed to a large difference in ionic radius between Be and Mg. Besides, the relations among energy

bandgap, bowing parameter and lattice constant of wurtzite BeO-ZnO-CdO ternary alloy are analyzed.

Keywords: density-function theory, Be1−xMgxO, energy band properties, phase stability

PACS: 71.15.–m, 71.15.Mb, 71.20.–b

* Project supported by the National Natural Science Foundation of China (Grant No. 61176043), the Special Funds for Provincial Strategic and
Emerging Industries Projects of Guangdong, China (Grant Nos. 2010A081002005, 2011A081301003, 2012A080304016), Combination of the
Ministry of Education Project in Guangdong Province, China (Grant No. 2010B090400192).

† E-mail: LED@scnu.edu.cn

237101-9


