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Growth behavior and optical property of ZnO epitaxial films
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Abstract Growth of ZnO epitaxial films have been carried out on (0001) sapphire substrates by RF magnetron sputtering.
The single crystalline ZnO films of the thickness about 400~500 mm were grown successfully. At the various substrate
temperatures of 200~600oC, the growth behavior and optical properties of the epitaxial films have been characterized. As-
grown ZnO films were annealed at the temperatures of 400, 600 and 800oC respectively in order to characterize the optical
properties. The carrier concentration of ZnO films annealed at the temperature of 600oC was measured 2.6×1016 cm−3 by
Hall measurements.

Key words Single crystalline ZnO, Epitaxial films, RF magnetron sputtering

ZnO �� ��� �� ��� � ��

���
†

����� ������, ��, 356-706

(2004� 10� 20� ��)
(2004� 11� 30� ����)

� � ����� ZnO �� �� ��� ���� ��� (0001)� �� RF magnetron sputtering ��� �����.
200~600oC��� ��� ��� ���� ��� ZnO �� ��� �� ��� ������, ��� ZnO ��� ���
������� 400, 600, 800oC�� �� ���� �� �� �� � ��� �����. Hall measurement� �� ��
� carrier concentratin� 600oC�� ����� 2.6�1016 cm−3

���.

1. � �

�� GaN� �� �� �� ��� �����, �

� �� ��� ��� �� GaN� �� ��� ��

� �� �� ��� ��� �� ��� ���� ��.

��, GaN� ��� �� �� ��� ��� ����

	�� ��� �� �
� ��[1-3]� ���� ��

��� ��� ����� ��� ��� ���� ��

� ZnO, AlN �� ���� ���� ��[5].

Zinc Oxide(ZnO)� wide band gap(Eg ≈ 3.4 eV)� �

� II-VI�� ��� �����, exiton �� ����

���� 60 meV(GaN: 28 meV)��, �� � ���

� �	� � �� ��� ��� ����� �
� �

��� � ���, ��� ��� ���� ��� ��

�� � ��� ����� ��� ��� ��
� �

� �� ��� ��� � �� ��� ��[4, 5].

� ����� ���� �
 RF magnetron sputtering

�� ����, ��� ��� ZnO �� ��� ���

�, ZnO� ��� �� ��� ��� ���	�.

2. ����

ZnO ���� ��� target� ���� �� 3''�

RF magnetron gun� ��� ���� ��� ����,

RF magnetron sputtering ��� ��� ��	�. ��

�� 2~5�10−3 torr, target� ���� ��� 70 mm

	��, RF ��
 100 W� �	�. ��� ��� �

��� ��� ��� 200~600oC�� ���� �� �

� ��� �� ��� �����.

��, ��� vacancy� ���� �� ���� ��

� Ar/O2 gas� �� 2 : 1~4 : 1� ���� ����	
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����� ���� � ��� �	��, ZnO� ��

�� �� target��� �� 3'', 6 N� ��� �� copper

back-bonded sintered ZnO target� ���	�.

��� ZnO ��� 800oC�� 1�� �������

Annealing�� �� PL(Photoluminescence)��� ��

� ���� ���	��, XRD(X-ray diffraction) �

�� X-ray rocking curve(FWHM; Full width of half

maximum), SEM(Scanning electron microscopy)� �

��� �� ��� ���	�.

3. �� � ��

ZnO ����� ���� �� �� � � �� ��

���� ��� SEM ��� ��	�. Fig. 1� ��

� ZnO �� ��� ��� SEM ��� �	�. (a)�

(b) ��� (c)� (d)� �� ��� ���� ��� �

���, (a)� (b)� ��� ��� ��� ���, (c)�

(d)� �
� ��� ��� ��� ����. �� �	

��� Fig. 1(a), (b) ��� (c), (d)� ��� ���

(a), (b)� �
� 600oC, (c), (d)� �
� 300oC, ��

��
 �� (a), (b)� �
� 5�10−2 torr (c), (d)�

�
� 1�10−2 torr��, RF ��� Ar/O2� �, ��

� target� ���� ��� �� 50 W, 1: 1(total 10

sccm), ��� 70 mm	�.

ZnO� ���� ��� �, �� ��(growth habit)

� �� ��(columnar growth)� 
��
 ���


���, ��� �� ��
 ����� ��� ���

� ���, ��� �� ��� ������, ����

��� ��� ��� ���� �� �	�� �� �

��� ���.

Fig. 1(c)� ���� 
� ��� 
 120o
� ���

�����, ��	� ���� ��� �
, �����

ZnO �� ��� �����, ���� ��� ���

�. �, RF ��� ����, ����� ��
 ���

�, ��� �� ��, ���� ���� ������

� ��� ���	��, ��� �� ��� Fig. 1(c)

� ��� ��� ���(terrace)� �	 � � ���.

�, �� ��� �����, ��� ��� (0001)��

���� ��� ��� � ��.

��� ��� ��� DCXRD(Double crystal X-ray

diffraction) ��� ��� rocking curve� �� ��

Fig. 2� �����. rocking curve� FWHM 

 


230 arcsec	�.

Fig. 1. SEM micrographs of as-grown ZnO epitaxial films. (a) and (c) as-dep. surface and (b) and (d) cross section image of ZnO film.
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Fig. 3� HRTEM(High resolution transmission electron

microscopy)�� ��� bright field image� ����

�. Fig. 3�� ��� ��� ��� 
 500 nm��,

�
 ��� ���� ������ � � ��. ��

����� ���� ��� ��� 	�	�� ���

��� ��� ������ � � ��.

ZnO� ����� ���� ��� Photo Luminescence

��� ��	�. ��� ZnO �� ����� PL �

�� ��� � 
� ��� noise peak� ����,

�� ��� �
� �� �	�� � ��� ��� �

�� ��� strain� ����� ����. �� ��

�� ���, ��� ��� ������� annealing�

� PL ��� ���	�. �� ��� Fig. 4� ���

��.

Annealing� �� �� 600oC�� 2�� �� �


��� ����� PL peak� 	��
 ����. peak

pattern�� ��� ������� broad� pattern


oxygen vacancy� ��	�� �� ��
�� ���

���� ��� �� �� �� ��� ��� ���

�, ��� ��� ��� ����
 strain� ����

� ZnO� band gap� �� 
�� ���� �� ��

	�� �� ��� ����[6].

PL ��� ��� ��� ��� ��� Hall measure-

ments ��� ���	�. 400oC�� Annealing� ��

�
� carrier density� 2.04�1015 cm−3, 600oC� �


� 2.59�1016 cm−3, 800oC��� 3.31�1015 cm−3
��,

Fig. 2. X-ray rocking curve of grown ZnO film.

Fig. 3. HRTEM (High resolution transmission electron micros-
copy) bright field image on the cross section plane of grown

ZnO film.

Fig. 4. PL(Photoluminescence) spectrum of ZnO films. (a) as-
deposited ZnO film and (b), (c) After Annealing
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600oC�� Annealing� �� �	�� ��� ZnO �

�� �� ��� ���.

4. � �

ZnO �� ��� ��� ���, ���	� 
��

��� �� ��� ��� ��� step ���� ��

����� ����� ��� ���
 �� ZnO� �

��� ��� ��� � ���.

��� ��� � ��� 
� ��� ���� ��

� ��� ����� ���	��, RF sputtering��

	�����, ��	 ���� ��	�� ZnO� ��

� ��� ��� � ���.
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