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200050)C =	2��� (0001) Ck{iE�<��_ MgxZn1−xO(x >0.5) u.���� X ~℄�~
(XRD)25~#V
N�E:D~��eh�2#wsMe�
�h)">	~ Mg0.53Zn0.47O���2 900◦C e:DExV� (0002) �~��M5~#V{ P��eKZ�">"1�h�TY��h�O
�K��℄~% Mg -&�% 55% e�S�O�w�( 1000◦C e�E:D�	*A"p4_
,ZgKZ��rw2�h)">��EVmHus#/e��_
Mg0.55Zn0.45O u.��>G�%l� - �+. - �`.e�+4�%d3r/i� R	�M|� x ≥0.55 e>�2 MgxZn1−xO ��~"Hue��_u.h�2�#e#w�rwsM����K
�M&e#r[\^2&[eJ#\e�a.*�� � q	��_ MgxZn1−xO ���:D�u.h��#wsM�rwsMG-{��	TB43 13m(�	A

1 >:
MgxZn1−xO �! ZnO �MgO 
�va��t�Efmp II-VI _�a/$s\/+�2;�v�P Mg .'f+3a� MgxZn1−xO �AF[L%R+3fp>i���$�(

ZnO(a=3.25Å, c=5.21Å)�Jf2	Xl
i���N( MgO(a=4.21Å)�Jf�	 NaCl pi��sK��$Y MgxZn1−xO�AL���fE��Z�$f/+,tÆ�[o;f%� X���Zf%f�=Fy�� (�F ∼ 750◦C)[1],f�fZUtA�� (3.3∼7.7eV)[1∼3],9�6$�APf Mg .'"v
tf,t [4], �N�Av/i�$ Mg .'f6WF[!2	`b�	`f�!+G [5]. Cb�MgxZn1−xOÆ��&~LZ=*3℄�ZnO/MgxZn1−xO'\f��NiNZ?v�i� [6∼8], �;
Ao:q�,~L MgxZn1−xO G$s\℄_3'\fK$℄XW)GN�J;C
�MgO 3 MgO-ZnOT4Pfn y�typA 4mol%[9], �S�Mg .'?+
4% f�AP
��A�?�3f��&|I)v/i�f/+/T���
|�|I)i�NZIvGyaFg�d MgxZn1−xO G$s\℄_�K$℄f~L3����A;E�[f`��a�!�A*#frZ�yYj��rZ�yG>>$�($s\℄_f�d)}" 
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994 K H . * w � 21 �)=#Y7
f !t��S��x~{?�3f MgxZn1−xO �A/+fnIvt�#S�f~{XG�Cb�Ohtomo ho [10] Æ0�;E
�� MgxZn1−xO 2	`v/i�fnIvtqr)~{�&�[���K$�\�=� (L-MBE) �=dbf2	` MgxZn1−xOv/�A�_ Mg .'?+ 15% 	� 850◦C f;EFyP
aJ�AP� MgO f�	i�L[�`�EW��&mof�	` MgxZn1−xO v/�A���_o(S|sB|ZnIvt8�+T4f~{�t"CbP�.|,?T4(nRQ�~{&nR�H/+(VSp
��Æ~LE�)a�	` MgxZn1−xO �AdA�,5fn� - �,/ - �a/
(MIS) ℄_i� [11], ^�=B
[�	` MgxZn1−xO v/�A3?s\℄_Pf���Z�FWfnIvtYd�AS���A Si G?s\℄_f~L+GP>>�.Y�/+f�FO�+G��w3� Si qr�\Xx	��J5|�ux� 900◦C f�F;EO��AS��G0��F;EQ���l+3a�f�	` MgxZn1−xO v/�A3+3;EFyWfi�3$ytN8�)~{�
2 ';yw0�s\�?����I (REBED) Q��3��� (0001) Dl|jF�=�	`
MgxZn1−xO v/�A�&#�T�3 250◦C �=��{ 2.67×10−2Pa, �=+GP�d^{�H3 4.67×10−2Pa,�A�=#6/A 25nm/min. :��T�3+3fFy (500∼ 1000◦C)W;E 1h, e3
�+GPIx)�^dA�;^/��APf Mg .'2+��g6h�\/ - *\��$W (ICP-AES) �Ojv� D/max-ra X �^��
3��Afv/i����A3 190∼900nm )=��Ff6�$W5! Shimadzu UV-240 �$$yR3��ZPT4$ÆYjA 1.5mm×10mm. s0 - s{ (I-V ) �sv - s{ (C-V ) ,t�$! HP4156A�a/1��O
� HP4280A `��O
3'�
3 ���*�
3.1 �j&pu#%ot<�/	!�t�+��k
9 1 A���Dl|�=f�	` MgxZn1−xO(x=0.53 � 0.55 � 0.74 � 0.90) v/�Af X �^��9W� (a) 9YÆ)��T;Ebfv/i�� (b) 95YÆ)��T3x+
900◦C ;E:fv/i��!69 1(a), D& 2θ ≈36.7◦ � 42.7◦ 3 78.4◦ f (111) � (200) 3
(222) ��
#?��T3;EEb�F\�f�	i��+V3,���
D& 2θ ≈34.4◦f2	i�����
f��� (FWHM) �$Y�APf Mg .'U 53% 6Wb 90% �T`[j��w (111)��
f���P! 0.36◦ T`W
I 0.28◦, 
℄ Mg .'f6Wa#W&�z�	` MgxZn1−xO �Av/i�fN'�.�	=��	` MgZnO ��
f
D?$Y�AP Mg .'f6WT`fYf��d�w�;��A�	` MgxZn1−xO �A�!
Zn -�h[�	` MgO v�Pf Mg �qEf�e Zn2+ f�\�z (0.74Å) 7Y& Mg2+f�\�z (0.66Å), _ Mg .'6W (P Zn h[[}) 	�Zv�;�`�[j�U��d��dT`6Y�^( Si Dl|�=f�	` MgxZn1−xO �ApV3\�f MgZnO(200)��
`� [12], ���Dl|�=f�ThftfÆ1�;
H(�	` MgxZn1−xO �A32	`���Dl+3fv/i���N%:EZfYfv��O# �



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

4 X AD'�g	:D~��_ MgxZn1−xO ��eh�2#wsM�
 9953SGN|��&#�Tqr�F;EO����~{�	` MgxZn1−xO v/�AfnIvt�;EFyU 500◦C �I 900◦C. XRD 3�i*YÆ� 500 3 750◦C f;EFy&+�d�Tf�	`v/i��^Tv��FyI 900◦C 	�+3 Mg .'fv/�A5F[L+3fnIvt�9 1(b) P�M)*#f (111) � (200) 3 (222) ��
E=� 900◦C;E�d Mg0.53Zn0.47O �A3 2θ ≈34.7◦ 3 72.9◦ �sL[)mf��
��$��&2	

8 1 ���Ck{�<e��_ MgxZn1−xO(x=0.53 � 0.55 � 0.74 � 0.90) u.��:Da9e XRD 8V
Fig. 1 XRD patterns of cubic MgxZn1−xO films (x = 0.53, 0.55, 0.74 and 0.90) grown on sapphire

(a) For the as-deposited films; (b) For the films after annealing at 900◦C` MgZnO(0002) 3 (0004) v=����;%R+3v/i�f��
�Vf[hB�CY`��f�
�#? Mg0.53Zn0.47O �Af�	`v/i�3�FW�#+Ivt�`�EW��&�#f� Mg .'fZ'y��T (x=0.55 � 0.74 � 0.90), 900◦C ;Ep�!)���
f
y3^��^9#�[o�Rv/i�fL[�P�a;EFyTv��I
1000◦C, sL�*3L MgZnO f2	i��
3.2 �j&pu#%ot<�/	!�t,$��k
9 2 A�FW3df�	` MgxZn1−xO v/�AfZ= - 
℄6�$W� (a) 9�L) Mg0.53Zn0.47O �Af6�$W$;EFy��f�!fÆ�_;EFyj& 750◦C 	�Zv/i��fIv�D& 210nm �sf$yQ� p#?jf�w�^3 900◦C f;EFyW�Z$yQ� f7!57Y)v/i�f%`��� 350nm �smL[f$yQ� P��) MgZnO f2	i���8I6 [3] db%0Q� ��fH'�$� 5.12 3
3.63eV. ^;�[h$#$&9 2(b) � (c) � (d) P�LfZ' MgxZn1−xO �A (x=0.55 �
0.74�0.90)f3�i*�3 (b) 9P�
�!6b�t" Mg0.55Zn0.45O �Af$yQ� $Y;EFyf��T`f{)	f�w�rZ�y
`�! 5.22 eV 6Yb) 5.82 eV, ^Z
Q�HYIvf�	i��I&Z$yZUf�w
&�&�AP Mg/Zn �6f6W��A ZnO f?^{2;�& MgO f?^{�;EFyf���d�A#= Zn ` �\f<�6
YU-��&bQaJ)�AP Mg .'f6W��"m�9 2(c) � (d) 
#?�
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8 2 ���Ck{�<e��_ MgxZn1−xO

(x=0.53 � 0.55 � 0.74 � 0.90) u.��:Da9e5~#V
Fig. 2 Transmittance spectra of cubic

MgxZn1−xO films annealed at various tempera-

tures together with the as-deposited films

(a) For Mg0.53Zn0.47O; (b) For Mg0.55Zn0.45O;

(c) For Mg0.74Zn0.26O; (d) For Mg0.90Zn0.10O

x��F;E:���T��HYIvf�	`v/i��!S
℄�U6�$W|!6bf�	` MgxZn1−xOv/�Af`Ivt(
XRD 3�i*��Jf�P`�-rAppL[3� Mg0.53Zn0.47O �Aqr 900◦C �F;EffÆW�{Z*��J;rA��FWmf2	i�fL[(�	` Mg0.53Zn0.47O�A;Ebf|I)i�<+
���e!& Zn` �\3�FWfCtfY��S�x+ 900◦C ;E:(;B`�&}Lb�A#=�q�aJ ZnO 2	i�U Mg0.53Zn0.47O�Af�	i�P��L����
|��FW�A#=l.'��f[h39 2(b) P3�V3��w 900◦C ;E: Mg0.55Zn0.45O�A6�$W|L[f��
�B�!&�A#=l.'����[�T(DlEZf9�67G6Y�4Ef�H�`�|I)f Mg0.53Zn0.47O �A���S�}I3Ivf�	 Mg0.55Zn0.45O �A#=f Zn ` �\'}�e+^�qEmf2	i��\&S�J;rA����Dl|�=f?�3�	` MgxZn1−xO(x ≥0.55)v/�A�#�$fnIvt�

8 3 Mg0.55Zn0.45O MIS h�2�Q (1MHz) Veru - rz+s
Fig. 3 High frequency (1MHz) C-V characteris-

tic for the Mg0.55Zn0.45O MIS structure

8 4 Mg0.55Zn0.45O MIS h�e3r/'r9DYe�S
Fig. 4 Leakage current density versus electrical

field for the Mg0.55Zn0.45O MIS structure

The dotted line is the measured data and the solid

line is the fitting
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3.3 �z Mg0.55Zn0.45O i�B MIS ��Ht?AG&f�a�f�	` MgxZn1−xO v/�A&�#fi�nIvt�rZ�y >5.0eVf Mg0.55Zn0.45O �AÆdA�,kN53 MIS ℄_i�Pdb)E����sy3�i*#?�x��Ff Mg0.55Zn0.45O �A� MIS i�F[L�$f I-V 3 C-V ,t�9 3 �L)�R (1MHz) W MIS i�qpf C-V ,tg^�3��
{+GPZUZP�'7j�e(Q4f MIS ℄_i�� SiO2 dA7�<5`����	` Mg0.55Zn0.45O �AdA�,5f MIS i��ZCws1<ypA 5.57×1010cm−2, ��H#k
j+zj=Ofi\3j=)<y�Wb[j%Ps0fCf�9 4 A Al/300nm Mg0.55Zn0.45O/65nm SiO2/n+Sii�f I-V ,tg^�3 700kV/cm fs:P�hk�<8yA 110nm f�T�Z4s0<yA 5.0×10−7A/cm2, -j& 65nm SiO2/n+Si i�f4s0<y (∼ 10−3A/cm2), 
℄
Mg0.55Zn0.45O[b)�L74s0fd���S��FWnIvt$0f�	` MgxZn1−xOv/�A�#
HEA�R�bf�ks;�/+��& Si GLEs5�
4 ��0�jFM��IQ��3��� (0001) Dl|�=�	` MgxZn1−xO v/�A��AfnIvt2+I�=yWf�F;E
�db��& Mg0.53Zn0.47O �A� 900◦C ;E
��2	i�UZ�	i�P��L��e$yQ� f�-(`!Fg` �^�&
Mg .'�& 55% f�T�P�x�) 1000◦C f�F;E�
+B#q52	i�L[�!S
�N}� 750◦C �Wf;EFy+B��	` MgxZn1−xO �Ai�3$ytN8�YUf�d��e�& x ≥0.55 f?�3 MgxZn1−xO �A���P��3 1000◦C f�FW�(s�#Ivf�	`v/i�3�$f$ytN�sy3�i*#?��FWnIvt$0f�	` Mg0.55Zn0.45O v/�A?H�&n� - �,/ - �a/f�,5�&e4s0j�#
H��& Si GLEs5�n�02
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Effects of Post-annealing Treatment on the Structural and Optical

Properties of Cubic Mg
x
Zn1−x

O Thin Films Grown on Sapphire

CHEN Nai-Bo1, WU Hui-Zhen2,3, XU Tian-Ning2, YU Ping2

(1. Department of Science, Zhijiang College of Zhejiang University of Technology, Hangzhou 310024,

China; 2. Department of Physics, Zhejiang University, Hangzhou 310027, China; 3. State Key Laboratory

of Functional Materials for Informatics, Shanghai Institute of Microsystem and Information Technology,

CAS, Shanghai 200050, China)

Abstract: Single cubic-phase MgxZn1−xO(x >0.5) alloy films were synthesized on c-plane sap-

phire substrates by low temperature physical deposition. The effects of the post-annealing treat-

ment on the structural properties of the films were investigated by the measurements of XRD

and transmission spectra. Hexagonal-phase (wurtzite) MgZnO was observed segregating from the

cubic-phase Mg0.53Zn0.47O film after annealing at 900◦C, while no secondary phase was seen in

the samples with Mg fraction exceeding 0.55. Electrical measurement indicates that cubic-phase

Mg0.55Zn0.45O films can be used in metal-insulator-silicon (MIS) structures as insulators with low

leakage current densities. It could be concluded that the cubic-phase MgxZn1−xO films with x

exceeding 0.55 are stable enough to be applied in fabricating high quality optoelectronic devices.

Key words cubic MgxZn1−xO films; anneal; crystal structure; optical property; electrical prop-

erty


