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� �

ECR-MOCVD� ��� ������ ����� �����(CH3)4Sn-H2-O2 ����� SnO2�� �����. �
�� ������ ������ ����, ���/���/����� ��, ���� ��, ����� ��, ���
�� �� ����� �� �����. ����� ��� ���� ��� ���� �� �� ��� ��� ��
SnO2�� �����. �� �� ������ ��� �� ������ ��� ��� ���� ����. ECR-
MOCVD� �� ��� �� ���� ���� 380-780 nm� ������� �� 93-98%, 0.1-0.5%	�. ���
�� �� grain ��� ����� 	
�� 20-50 nm��� �	� ���	�. � ��� ���� ���� ��
���� 7.5×10−3ohm·cm, ��� 93%, ��� 0.2%� �� �� ����.

Abstract − SnO2 films were prepared at room temperature under a (CH3)4Sn-H2-O2 atmosphere in order to obtain
transparent conductive polymer by using ECR-MOCVD (Electron Cyclotron resonance -Metal Organic Chemical Vapor
Deposition) system. The electrical properties of the films were investigated as function of process parameters such as
deposition time, microwave power, magnetic current power, magnet/showering/substrate distance and working pressure.
An increase in microwave power and magnetic current power brought on SnO2 film formation with low electric resis-
tivity. On the other hand, the effects of process parameters described above on optical properties were insignificant in the
range of our experimental scope. The transmittance and reflectance of the films prepared by the ECR-MOCVD exhib-
ited their average values of 93-98% at wave length range of 380-780 nm and 0.1-0.5%, respectively. The grain size of
the SnO2 films that are also insensitive with the process parameters were in the range of 20-50 nm. On the basis of
experimental data obtained in the present study, electrical resistivity of 7.5×10−3 ohm·cm, transmittance of 93%, and
reflectance of 0.2% can be taken as optimum values.
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1. � �

�� 21��� ������ �� ����� ��� ����

� ������� �� �� �� ����� ��� ���� �

���� ���� ���� ���� ��. ������� ��

�� ��� ���� ��, ����� ��� �� � �� ��

	 ������ ��� �
 ��� ���� ����[1, 2].

���� �
 �����	 ���� ��� ��� ���, �

��, ����	 ���� CdO(cadium oxide), IO(indium oxide),

TO(tin oxide), ATO(antimony-doped tin), FTO(fluorine-doped tin oxide),

ITO(tin-doped indium oxide), ZnO(zinc oxide) �� ���� ��

�, ��� ���� ����	 ����� ����� ���, �
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��� TO, ZnO �
 ������ ��� �����
 ���

���� ���� ��[3-12]. �� �
 �� ���� �� ITO

��
 ��� ���� ��� ������ �� ���� ��

� ���� ���
 ��	 �� � ��. �� ���� �� �


 ����� ���� � �� ��� �
 �� ��� ��	

�� � ��� ��	 �� ���, ��� ��� 
� �� ��

�� 	�� ����� ��� ��, ��
 ���� �� �


����� ���� ���, ��� ��� 
� �� ��� �

� �	� ��� �� ��� ��. ��� ITO� ��� ���

�� 	��� ����	 �
� � ITO �� ���� ��� �

��, ��� ��	 ���� ZnO ��
 
�� �, ��� ��

�� �	� ��� ���� ���[11, 12]. �� �� SnO2(TO)

� ITO� ���� �����
 �� ���� �	� ��� �

���, 	�, ����� ��� ��	 ��� ��. ��, ���

� �
��
 �� ��� ���� 85% ��� ��, ����


 �� �	�� 10−1-10−2Ω·cm
 �
� ��� ��, ����,

�	� ��� ��� �� ��� ����� 	��� ����	

�� �	��[13, 14]. ��� SnO2 ��	 ������ ����

���� ������ 
��� ��� ��.

���
 �� ���
 ��� ����� �����	 ���

��� ����� ��
 ����� ���� ��� ��� �

�� ����	 ��� ECR(electron cyclotron resonance) ���

��� ��	 ���� ��
 �
 	� ��	 ���� ��


���� ����. ���� �����
 
� ���� ���

� ���� �� ��� ��� ��
 ��	� ��� ���

��
 �		� ��� ��� �� �		 �� �� �����

� �� ����� ��� ���� ��� �� ����� �	

	� �
 ECR ����� ���� �� �����[15, 16].

����� �
 	�� �
 ���	 ��� ���� 300 oC

��
 ����� ���� ��� ����, 
��, ���, 	

���
 ��	 �� �� �� �
 �	�� ��� � ���


���� ���� ���� � ����� ��
 		 ���


� ���� ���� ��� ���� ��� ��� PET

(polyethylene terephthalate)� ���� ���� ��	 ���	�.

� ����� ��� ��	 ���� ���� ���
 ��

	� ���, �� ����, �
 ���� �� ECR-MOCVD

(electron cyclotron resonance-metal organic chemical vapor deposition)

���� �����	� ���� TMT(tetramethyltin)� PET �

��� �� ���� �����, ����, ��� ��� ���

SnO2 �����	 ���� ����� ��� ��� ��� �

� ��� ��� � ��� ��
 ��� ���� ���	�.

2. �� �� � ��

2-1. �� ��

��� �� �� ���	 �� ����	 ���� �� ��

��� ��� ECR-MOCVD ��� ���	�. � ��� ��

� �� ��� Fig. 1� �����. ��� ��� ��� ��	

	 �� ���� 875 Gauss
 ������ ��� �
 ���


 �
� �� 
� ��� ��� �� ���� ������

(cyclotron) 
�	 �� ��. ��, ��� 2.45 GHz
 �����

� �� ���	 ��� ����� ���� ��
 �� ���

� �����
 ���� ��� 
�, ECR ��� ����. ECR

�

 ��	
 ��� �
� � ��. ��� ECR �
	 ��

�� ���
 ����	 ����� �������� �
 ��

�� ��� ���, ���	 �� ��� ��� �� �
��

����. Plasma source�� RR 160 PQE (Roth & Rau Co., Germany)

� ���	�� �����
 ���	
 2 kW, ��	
 ���

�� 185 A��. Base pressure� 10−4-10−5 Torr� ���� ��

N2 400 l/sec ��	 �� turbomolecular pump(ATP400 HPC,

Alcatel)� �� ��� 1,000 L/min
 ��	 �� mechanical pump

(TRP-60 pump, Woosung vacuum)� ����� ���� ��.

ECR ���� ��� ��� �� 3�
 stub ��� �� ���

��
 ��� ������ ���	�. ���� �� ����

�
 ��� ���	 �� ������ ���, � ��� ��

�� �� ���� magnetic ��� � �� ��� ��� � �

���� �� �����
 ��� ��� ��� ��	
 ��

� ���� �� 3�
 ��� �
�� �� ���� ���� �

� �����
 ��� ����� �	
 10% ��� �����

�
�	�. ��
 ����� MFC(URS100·5, UNIT instrument)�

���� SnO2 ���� ���� ��� TMT(tetramethyltin,

(CH3)4Sn)	 	�����(RW-0525G, JEIO TECH)� �� carrier

gas� argon�� bubbling�� ����� �����.

2-2. �� ��

��� �� �� ���	 ��	 ���� ��� ��� ��

��� 	��� 120 oC�� ��� ����� ��� �� PET

(�� 0.1 mm)� ���	�. � ����� microwave power,

magnetic current power, ���� working pressure, ����� �

���
 ��� ����	 ����� ���� ��� ��


Fig. 1. Schematic diagram of ECR-MOCVD system. 
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��	 
����, �� ��	 Table 1� �����. ���


base pressure ���� ����� ��� ���� microwave�

magnetic current� ���� ECR layer� ���� ��� ���

10% ���� �
� � ��� �� �� ��	 ���	�.

2-3. �� ��

��� ��
 �� morphology� � ��� 	��� ���

FE-SEM(field emission scanning electron microscopy)�� 10� �


 ���� ����
 grain size� ��� ���	�. ��
 �

�� ��	 	��� ��� 4PPM(four-point probe method CMT-

SR2000N, Mission Peak Optics Inc.)	 ���	� �	�
 �


��� ��� ��	�� ���� ���� ���	�. ���

������ �� ���� ��� ��
 UV-visible spectroscopy

system(HP-8453, Agilent)�� ���	�� �� ��
 ���

380-700 nm
 ���� �
�� �	�. �� reference� PET film

�� ��� � ����� �� SnO2 ��	 ���	�.

3. �� � ��

3-1. ����

���� ECR ����� 
� PET ��� ��� SnO2 ��


�� morphology� ����	 �� 10� � 	��� �	� FE-

SEM ��	 Fig. 2� �����. ����
 H2/O2/TMT
 	��

1/2/0.025, carrier gas� Ar 3 sccm, magnetic current power 160 A,

microwave power 1600 W, working pressure 20 mtorr �����

5� �� �����. ��	� ��� �� �� 8 cm, ���� �

��� 10 cm� ���� ��
 ��� 10�10 cm2� �	�. �

�
 ����
 ���
�� 5 rpm�� ����� base pressure�

1�10−5 torr� �
� � �
 ���� ��� �����. Fig. 2(a)

�� �
 SnOX �� �� morphology� ��� �� ����


�
	 ��� ����� grain size� 20-50 nm��, ��
 ��

� Fig. 2(b)�� �� �� �� � 140 nm ��� 28 nm/min


����� ���	 	��	�. � ��
 ����� ����,

microwave power, magnetic current power, magnet/showering/substrate

distance, working pressure��. ��� ������ ����	 5�

�� ���� ����, ��� ��	
 ��� ���, microwave

power� ����� ����� ������ �� ���� ��	

�� ���� ���� ���� ��� ��
 
� ��� �

140 nm� ���� grain size� �
 ��
	 � � ���. ���

� ����� ��� �	� ��� ����� ��
 ���, �

�� ������ ��� ��
 ��� �� ���� Fig. 3��

��� ��� 	� ���� ��� 500 nm �� ��	 ����,

��
 ��� �� ����� ��
 ��� ���� ���� 


��� ��� �� 
�	 	��	�. Fig. 4� Fig. 2� ��� �

��� ��� SnO2
 ���� ���� ��� ��� ��� �

	�� ���� �
� 380-780 nm ���� �����. �� �

� ���� ��
 ��� ��� ����� ���� ����

93% ���� ���� �
 ��� �����, ��� 
� 0.1-

0.5% ��
 �
� ��� ���� ��. Fig. 5� Fig. 2� ���

���� PET ���� ��� SnOX
 ���� ���� 	���

��� ��	 ��� � 4 PPM�� ��� ��	� profile	 ��

���. � ������ ��� ��
 �� 	�
 �� 1.4�103

Table 1. Experimental conditions for deposition of SnO2 films on
PET substrate prepared by ECR-MOCVD

ECR-CVD processing conditions

Substrate
Base pressure
Work pressure
Bubbler pressure
Deposition temperature
Bubbler temperature
TMT gas flow rate
Ar gas flow rate
O2 gas flow rate
H2 gas flow rate
Microwave power
Magnetic current
Deposition time

PET
1×10−4 Torr
10-30 mTorr
200 Torr
Room temperature
−14 oC
0.25 sccm
3 sccm
20 sccm
10 sccm
800-1,600 W
140-170 A
3-20 min

Fig. 2. SEM images surface and cross-sectional SnO2 film prepared
by ECR-MOCVD. (a) Surface morphology of SnO2 film (b)
Cross-section of SnO2 film (H2/O2/TMT mole ratio 1/2/0.025,
carrier gas Ar 3 sccm, magnetic current power 160A, micro-
wave power 1,600 W, magnet/showering/substrate distance
8/10 cm, working pressure 20 mtorr, deposition time 5 min).
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ohm/sq, ��� ��� �� �	�
 1.98�10−2 ohm·cm� ��

���� ���� �� 5%� 
� ��� �� ����.

3-2. �� ��� ��

�� ��
 ��� ��� ���	 �����
 �� �	�

� � ���� ��� �
	 	��� ��� � ��	 ���

	�. Fig. 2� ��� ������ ����	 3��� 20� ��

5� ���� ����� ��	 ���	�. Fig. 6
 ���� �


�(420, 470, 530, 580, 620, 800 nm) ��� ��� �� �	

�
 ��� ���� ��. ����� ��
 �� �	�� �

��� �	 �����, ����� 10� �� ���� ���

� 
� ����� ���� �	 	�� � ���, �����

����� ���� ���� 

	 ���� ��. ���� �

�� ���	�� ���� ���� ����� ��� 	�� �

���. ���� 5� ����� ��� ��� ���� ����

��� ��
 ���� ��� ���� ���, 20� ��� ��

	 ���� �� ���� �� 93% ��	 ����. �����

�� ��
 ��� ��� ���� bulk� �� ���� �� �


 ��	�	 ���� ���� �
 ����� ����� ��

�� �� ���� �� �
 ����� ����. ������

��
 ��� 90 nm�� ����� ����� 500 nm� ���

��, �� �	�
 � �� ���� 
� 10� ��� ECR �


� ����
 potential energy ��� 
� ��� ��� ���

�� 	���� ���� crack� ���� ��� ���� ���

� �� �	�� ���� ��. ��
 grain size� ���� ��


 ��(agglomerate)� ����, 10-60 nm ���� ��� ���

����, �� �	�
 5� �� ��� ��� 1.98�10−2 ohm·cm

� �� �
� ��� �����.

3-3. ����� ��� ��

����� �	
 ��� ��� ���	 �����
 ��

Fig. 3. The effects of process parameters described thickness and
transmittance for deposition of SnO2 films on PET substrate
prepared by ECR-MOCVD (H2/O2/TMT mole ratio 1/2/0.025,
carrier gas Ar 3 sccm, deposition time 3-20 min, substrate dis-
tance 8-10 cm, magnetic current 140-170 A, microwave power
800-1,600 W, working pressure 10-30 mtorr).

Fig. 4. Transmittance and reflectance of SnO2 films prepared on PET
by ECR-MOCVD. (a) Transmittance (%) (b) Reflectance (%)
(H2/O2/TMT mole ratio 1/2/0.025, carrier gas Ar 3 sccm, mag-
netic current power 160 A, microwave power 1,600 W, mag-
net/showering/substrate distance 8/10 cm, working pressure
20 mtorr, deposition time 5 min).

Fig. 5. Surface resistance (ohm/sq.) profile of SnO2 film with 10×10
size. (H2/O2/TMT mole ratio 1/2/0.025, carrier gas Ar 3 sccm,
magnetic current power 160 A, microwave power 1,600 W,
magnet/showering/substrate distance 8/10 cm, working pres-
sure 20 mtorr, deposition time 5 min).
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�	�� ���� ��� �
	 	��� ��� Fig. 2� ��

� ������ ����� �		 ���� 800 W�� 1,600 W

�� 200 W ���� ���	�. Fig. 7�� ��� �����

�	� �
 800 W��� ��� �
 ���� �� 97%� ��

���� �	� ���� �� ���� � �� �� 90% ��

	 ���	�. SEM �	 �� ��
 grain size� 20-50 nm��

��� 90 nm�� 140 nm� ��� ����. ��
 �� �	

�
 800 W��
 2.8�10−1 ohm·cm� ��� �� �����,

�	� ����� �� �	�
 ��� ���� 1,600 W���

1.98�10−2 ohm·cm�� ���	�. �� �
 ��� ����	

���� 1,600 W��� �� 95% ��
 �
 ���	 ���

��, ��� �� 0.5% ��
 ��� ���	 �����. ��

� ��� ����� �	
 ��� ���� ��� 	�� ��


� ��� ���� PET ��� �
 ���� ���� ���

����� ����� ����. ��� ��� ����� ��


� 	��	��, ����� �	� � ������ ����

�� ����� ���� decomposition reaction� cross-linking

��� ��� �� � �� ��� ������ ��� ����

���� �� �� ��� ���� ��� �
 crack	 ���

� �� ��	�� �� ���� ��. 

3-4.Magnetic current power� magnet/showering/substrate distance

� ��

��	/���/��
 ����� ��	
 ��� ��� ��

�	 �����
 �� �	�� ���� ��� �
	 ���

��. Fig. 2� ��� ������ ��	/���
 8 cm� ��

�� ���/��
 ��� 8 cm�� 10 cm�� 1 cm ���� �

��	�, ��	
 ��� 140-170 A�� 10 A ���� ���	

�. Fig. 8(a)� ��� �� �� ��	���� ���� ��� �

����� �� �	�
 ���� ���� � ���� ��� �

��� ����. Fig. 8(b)�� � � ��� �� �	�
 magnetic

current power� ��� � 6.2�10−2 ohm·cm�� 1.2�10−2 ohm·cm

�� ���	� ���� �� 95%�� 94%�� ��	�. ��

	
 �		� �	 �� ��	/�� ��� ����� ��� 	

Fig. 6. Effect of deposition time on transmittance and resistivity. (H2/
O2/TMT mole ratio 1/2/0.025, carrier gas Ar 3 sccm, magnetic
current power 160 A, microwave power 1,600 W, magnet/show-
ering/substrate distance 8/10 cm, working pressure 20 mtorr).

Fig. 7. Effect of microwave power on transmittance and resistivity.
(H2/O2/TMT mole ratio 1/2/0.025, carrier gas Ar 3 sccm, mag-
netic current power 160 A, magnet/showering/substrate distance
8/10 cm, working pressure 20 mtorr, deposition time 5 min).

Fig. 8. Effect of substrate distance and magnetic current power on
transmittance and resistivity. (a) Magnet/showering/substrate
distance (b) Magnetic current power (H2/O2/TMT mole ratio
1/2/0.025, carrier gas Ar 3 sccm, magnetic current power 160 A,
microwave power 1,600 W, working pressure 20 mtorr, depo-
sition time 5 min).
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� ��� ��	�� ���� ��	
 �	� ���� ��


�
	
 
� ����. ��� ��
 ����� �	, ����,

��	 �	� �	��� �
	 ��� ��� ������ �

�	
 �	� ���� ECR layer� �� ����� � �� �

�
�� �	�
 ��� ��� � ��. ECR ��� ����

875 Gauss�� ECR layer� �� 3�� ����� ��	
 ��

� �����
 ��� � �

 ��� ����. ������

���� �� �� ����� ��	
 ��� �� � �
		

�� �� 8 cm ���� ��� ��
 
� �
 ��� 	��

�� ��� ���� �� ��� �� ��	 �� �� PET �

��� ��� �
 ������ 
� ���� ��� �� ��

��� ����� ��� 	����� ���� �� ����.

�� ECR layer� ����� �
 ���� �� ��	 ���

� �� ��
 ���� ���� ��
 ������ ����

���� 
� ��� bulk� �� ���� ��	�� ����,

�
 ���
 ��� ����� �� ���� �
 �� ���

�. ��
 ��
 ��	� �� ��
 ��� 10 cm, ��	
 �

�� 160 A� �� ���� 95%	� �� �	�
 1.98�10−2

ohm·cm� ��	�.

3-5. �� ��� ��

�� �	
 ��� ��� ���	 �����
 �� �	�

� ���� ��� �
	 ���	�. Fig. 2� ��� ����

�� working pressure� 10 mtorr�� 30 mtorr�� 5 mtorr ��

�� ����� ��	 ���	�. Fig. 9�� ��� ���	�

����� ����� �� ���� 
���. 10 mtorr� 15 mtorr


������� ��� 
���
 ���� �� ����� ��

��� �� �� ���� 80% ��	 ���� �� ����

�� ���� ���� ��� ��	�. �	� ����� ��

��� 150 nm�� 130 nm� ���	�, grain size� 30-50 nm

� ��	�. � ����� ���	 10 mtorr� �� �
 ���

������, 10 mtorr�� 30 mtorr� �	 ��� �� �� �

	�
 7.5�10−3 ohm·cm���� 1.3�10−1 ohm·cm� ���	�

���� �� 93%�� 98%�� ��	�. 20 mtorr��� ��

� ��� ���� ���, � ��� 
��� �	��� ��

�� ��	�� ��� �
 ���	 ���� ��. ��
 20 mtorr

� 
��� ������� �����
 �	� ���� ���

	 ��� � �� ��	� �����
 �
		 
��� ��

� ��� ECR 
�	 �� ��� ���
 ��� ���� �

� �	�		 ���� ����. ��� ��
 �	� ����

�� ����� 
� ���
 ��	 ��� �	 � �� ECR

���� �� ��
 ���� �� 
��� �� ����� 


� ���� ��. ��� �
 �	�� ��� PET ��� ��

��� �� �
 ���� ��� ��� �� 	��� ����

crack� ���� ��� �
 ������ ���� ���� �

��� ��� 	�� � ��.

4. � �

ECR ��������� 
� SnO2 ��
 ���� ����

��
 �� � 	���	 ���� � ��� ����
 �
�

����
 ��� ��� ���	�. � ����� ����,

microwave power, magnet current, magnet/showering/substrate��


 ��, ���	 �
 ����� ����� ��� �
	 �

��� ������ ��� ���� �� �	�� ��� ��


 		 �� ����	 ���	�. ����� �� �� ��

�
 ��
 ��� ��	
 ��� ���, microwave power�

magnetic current power� ����� ��
 ��� ����, grain

size� 30-50 nm� ��� ���	�. ��, �� ��� ��
�

�� ��
 ��� 90 nm�� 500 nm� ��� ����, grain

size� 10-60 nm �� ���� ����. ��, � �� ��
 �

� ���� ��	�� ���� ������
 �� ��� 140 nm

� ���	�. �� �	�
 ��� ��	
 ��� ���,

microwave power� magnetic current power� ����� ����



	 ���� �� �	
 ��
 ��� ��� �	�
� �


 �	��� �� �
 ��� 	�� �� ��� �� �	�

� ���� ��� �	 � ���. ���� ��
 ��� ��

�� ���� ��� ��� �� ��� ��
 ��� ����


� ���� microwave power� magnetic current� 
� ���

ECR layer� �� ��� 	�� �� � �
	 �� ���� �

�
 ��� ����� ���� ����� ���� 

	 �

�� 
� ��� �	�� ��
 ��� ��� ��� 93% ��


 �
 		 ��	�. �����
 �� ����
 H2/O2/TMT


	 � 1/2/0.025, 
� �� Ar 3 sccm, ����� �	 1,600 W,

��	 �	 160 A, ���	 10 mtorr, ��	/���/�� ��

8/10 cm, ���� 5�����, �� ����
 ���� �� �

����
 ���� �
�� ���� 93%, �� 	� 7.5�10−3

ohm·cm, ��� 5%
 ��� ��	 �� SnO2 ��	 ����

� ���.

� �

� ��� ����� ��������� ‘���������

���’
 ��(��	
 M1-0322-00-0001-04-L14-00-001-001)�

� �� ��	��.

Fig. 9. Effect of working pressure on transmittance and resistivity.
(H2/O2/TMT mole ratio 1/2/0.025, carrier gas Ar 3 sccm, mag-
netic current power 160 A, microwave power 1,600 W, magnet/
showering/substrate distance 8/10 cm, deposition time 5 min).
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