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ZnO film growth on sapphire substrate by RF magnetron sputtering
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Abstract ZnO epitaxial films have been grown on a (0001)sapphire substrate by RF magnetron sputtering. The single
crystalline ZnO films were grown at the condition of growth rate of about 0.1~0.2 µm/hr and the substrate temperature of
600oC. The film thickness was about 400~500 nm. The thin film quality and micro-structure have been evaluated by XRD
and TEM observation.
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� � ZnO ����� ���� ��� (0001)� �� RF magnetron sputtering ��� �����. ��� ����
� � 0.1~0.2 µm/hr ���, ����� 600oC� �, � 400~500 nm ��� ����� ��� ��� � ���. ���
���� ��� ��� XRD��� TEM� ���� ��� ��� ����� �����.

1. � �

�� ���� ��� ���� �� ��� � ��

�� ��� ��� ���� �� ���, �� ��

��� ��� �� ����� �� ��� ����

�� ��� � ��� �� ���� 	
�� ��

ZnO� �� ��� ���� ��[1-4].

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

� II-VI�� ��� �����, c� ���� �� �

� ��� �� �� �� ��(surface acoustic wave-

guide), �� ��, ���� �� �
�� ���� �

��, ���� Mg �� ��� �� ���� 4 eV�

� ���� � �� ��� ��� ��� ��� (laser)

� ��� � �� ��� ���� 
�� ���� �

�[5, 6]. ��, GaN� ���� �, ��� �����

���� ��� ����� ���, ZnO� exiton �

� ���� �	�� 60 meV(GaN : 28 meV)��, �

	 � �	�� �
� � �� ��� ����� ��

� ���� � ��� ��� �� ZnO 	�� ��

�� ��[7].

����� ZnO ��	�� ��� �� ��� ��

PLD(pulsed laser deposition), MOCVD(metal organic

chemical vapor deposition)�� ���� ��, ���

��� 	�� �
� ���� ��� ��� sputter-

ing ��� ���� ���, ����� ���� ��

� ��� ����.

� ����� �
 ZnO� bulk ���� ��� �

��� ��, ��	�� 	��� ���� ��� �

���, ���� ���� �� ��� ���, ���

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

ZnO �� 	�� ����, ZnO� 	� �� ���

��� ���
�.

2. �� ��

�� 3''� magnetron target� ��� RF magnetron

sputtering ��� ���
�. base vacuum pressure�

†Corresponding author
†Tel: +82-41-660-1446
†Fax: +82-41-688-4143
†E-mail: smkang@hanseo.ac.kr



216 Seung Min Kang

5�10−6 torr��, �� �	� ��� ���, �� ��

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

�
��, RF ��� 100 W� �
�. 	�� ��� �

��� ��� 	�� 200~600��� ���� �
�.

��, ZnO� plasma ��� ��� Zn �	� O �	

� ���� 
���� ZnO� ��� � O� vacancy

� ���� ���, �� ���� ��� Ar/O2 gas�

�� 2 : 1~4 : 1� �	�� �
	�� ����� ��

�� � ��� �
�.

ZnO� ���� �� target��� �� 3'', 6 N� �

�� �� copper back-bonded sintered ZnO target�

���
�.

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

TEM(transmission electron microscopy)� ���� �

��
�.

3. �� � ��

� 400~500 nm� ��� �� ZnO 	�� ����

�, ��� 	�� �� �� �� 	�� ���� �

��, XRD ��� ��
��, �� Fig. 1� ���


�.

��� 	�� ���� �� ZnO� ��� 
��


����� ��� � � �
��, �� bulk ���

������ ��� step� ��� �� �� ���

���� ��� ���� ������ ���� ��

�� � � ��[8]. �, ��� ���� ���� ��

�� �� ���� ��
� ��� ����� ��

��� 	���� �� ����� ���� step� �

� ��� ����, ����� ��� ���� ��

�� ��� 	��� ���� 
���� � �� �

��� 	���, � ����� �� ZnO� �
��

� ��� �	� 600oC ���� ���� 	�� �

� ��� �
�.

��� ���� �� �	� �	�� ��, ���

����� �	���� �	��� 	� ��� ��

[8]. ���, � ����� ��� 200oC �����

Zn� O� ��� 	�� ���� ��� ���� �

�� ��� 300oC ��� ��	� �	�� ���

���	� � � �
�.

Fig. 1(c)� ��	� 400oC� �
� Fig. 1(d)� �

Fig. 1. XRD patterns of as-grown ZnO thin film. The substrate temperature was (a) 200oC, (b) 300oC, (c) 400oC and (d) 600oC.



ZnO film growth on sapphire substrate by RF magnetron sputtering 217

�	� 600oC� �
��� �	���� �� �� �

�� ��
 ����, �� �� 	���, ��� ��

��� ���� 
�� �� ��� ��� ��� �

�� 	�� 	�� �� � ��� ����. Fig. 1(c)

� �
� ������ ��� ���
��, �� 


��� ����� �� ����� ����� ���

� �� ��� �	��
 ��� ���
� ���

��� ���� ���� ��� ����. Fig. 1(d)�

�� �� ��� 	�� 600oC�� ���� 	��

���� 	��� � � �
�.

��� ZnO� 	�� ��� TEM� ���� ��

�� ���
�. Fig. 2� ������ ��� ���

TEM�� ��� ���� Fig. 2(a)� ��	�� 400oC

� �
�, ���� ��� ��� 	�� oxide ��

�� ��� ��� ����� �� ��� ���
�

�, Fig. 2(b)� ��	�� 500oC� �� �����

������ ���
��, ����� ����� 	

���, ZnO 	�� ����� 	�� �� ��� �

��� ���� ��� ��� ����, �����

��� �
 ���
 ���� � � �
��, ��

���� 	�� O��� ���� ��� ��
	�

��� ��� ����� ���� ����.

Fig. 3��� ���� ����� ��� �����

� ��� ��� ���� ���, ����� ���


 �� �	�� �� 
��� ����� �	��

��� ���� ��� �
�
 �� ���� ���,

�� ��� ���� 	�� ��� �� �� plasma

� �	��� ���� ����� uniform�� �


���
��, ��� ��� �
� �
�. Fig. 3(a)

� strain� �� ���� �	� ��� �� ���

	��� ��� image��, Fig. 3(b)��� ����

���
� �� 3����� 
� ���� ����

stacking fault� ���
�. �� ��	�� 400oC, RF

power 150 W� �	��� ��� 	��
��, ��

�	� power�� �� RF power���� ZnO ���

� 	� 	�	�� ��� �� �� ��� ���


���, ��� �� ����� �� �� ��� ��

� ���� �� �� ���� 
����� ��. �

�, ���� ��� ��� 	�
 ��, ��� ���

���� ���� �����, ����� �����

Fig. 2. TEM micrographs of poly crystalline ZnO thin films. Fig. 3. TEM image of non-uniformity in the ZnO films.
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� ���
 ���, ��� ZnO matrix ��� tilt��

� ��� ��� �� 
��� ��� ���� ��

� stacking fault� �� ��� 	�� ��� ��

��.

Fig. 4� RF power� �� growth rate� �� ��

� ���
�. RF power� ����� ����� �

�	� � � ���, 120 W ����� ����� �

����, columnar growth 	�� ����. ��, Ar/

O2 gas ratio� �� �� �� 	���� Ar/O2 gas

ratio� ���� ����� ���� 	�� �
�.

Ar/O2 gas ratio� 2 : 1�� 	�� ��� �� � �


��, ��� � ��� 	� ����, � Ar/O2 gas

ratio� ���, �� ��� ���
 ���, ���

vacancy� ����	��� �
	�� ��� ���

�� �
 ��, ������ ���� 	�� �
�

�, Ar/O2 gas ratio� 1 : 1� �� �
� ��� ��

� 	� ���� ��
	�� ��� ��� � � �

�� ���
��, �	
 ��, parallel step formation

� �� step growth� ���� ����� ����

	�� �� �� ����, �, <0001>�����

preferred orientation ��� 
��
 �� ��� 	�

� ������ ��� ���
 ��, �� Fig. 7�

(b)��� diffraction pattern� �� ������ ��

� � ��.

Fig. 5� ���� ��� 	�� �� 	�� ����

��� ���
�. ��� 	�� 400oC��� 100 W�

RF power��� ��� �� 	�� ��
�. ��

XRD pattern ��� Fig. 1� (a)~(c)��� �� ��

�� ��� peak� �� �� ���
 ��, polycry-

stalline
��, 600oC� �
��� Fig. 1� (d)� ��

peak pattern���� � � �
��, ��	�� �


��, Zn� O� ��� ���� ��� unit cell��

� ��� ��� ��� ���
 �� ���� ��

��.

Fig. 6��� ��	� 600oC�� RF power 100 W

� �	��� ��� �
� TEM micrograph� ��

�
�. ���� ���� ����� �� stacking

fault� ���� ����, ������ ���
��

� � ��. �� ���� �� Fig. 7��� �� �

�� ����, diffraction pattern� ���� ���.

Fig. 7� ��� ��� ��� TEM diffraction pat-

tern� ���
�. Fig 7(a)��� 	�� �� ���


���� ���
�� ���� ���, ��� 	�

� ��� � 400~500 nm ��� ���� ���, �

� ���, 	�� ����� � 100 nm/hr ����

���. dislocation loop� ������ �� �� �

	��� ��� �� ��
�� ���� � �� �

�� ����. �� textured growth ZnO[1] �� ��

columnar growth ��� ��� ������� ���

� �� �����, ���� ���� 	�� ���

Fig. 4. Growth rate as a function of RF power in various gas
flow rate conditions.

Fig. 5. ZnO film thickness as a function of substrate tempera-
ture at the condition of RF power of 100 W and the Ar/O2 gas

ratio of 2 : 1.

Fig. 6. TEM micrograph of ZnO single crystalline phase.
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�� ��� � �
��, Fig 1� (d)� ���� �

�� ��
�. diffraction pattern�� ���� ���

�� � ��� spot� 
�� 
� spot� ���� ��

���� ����� ��� (0001) ����� ���

���, ��� spot�� ��� ZnO ��� 	����

� ��� pattern��. sapphire ZnO� lattice mismatch

� �� ��� ��� ����.

��, Fig. 7(b)�� ��� split spots�� 	� ��

� ���� �� ����� ����, ��� 	��

400oC� �
� ��� ���, �� ��� ring ��

� pattern� ��� ��� �� �	���� ���

� ����� ����� ��� ����.

4. � �

RF magnetron sputtering
� ����, ZnO ���

	�� ���
��, ��� 	�� �� ��� ��

� �

 ���� � � �
�. ��� 	�� ��

�� 	�� ���� 	��
 �����, RF power

100 W, Ar/O2 gas� � 2 : 1, ��	� 600oC� �
�

���� 
�� ����� ���
�.

� � � �
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Fig. 7. TEM micrographs of the ZnO film and their correspond-
ing SAED patterns (a) Single crystalline phase and (b) non-

uniformly grown film.


