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Effect of heat treatment on the electrical and optical
properties of ZnO . Al thin films prepared by reactive
magnetron sputtering method
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Hankuk Glass Industries Inc., Technical Research Institute, Inchon 402- 130, Korea
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Abstract  AZO transparent conducting thin films were fabricated by reactive DC magnetron
sputtering method using Zn metal target containing 2 wt% of Al, and electrical and optical
properties were investigated after heat treatment. Electrical resistivity was reduced 50 % and
had reached 1x10*~ 3.5x10* Qcm by heat treatment. In the case of oxide AZO films, the
resistivity of 10" Qem was also decreased to 2x107* Qcm after heat treatment. The optical
transmittance of AZO films deposited in the transition range was increased from 59.4 % to 77.
4 % by 400, 30 min heat treatment.
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Fig. 1. Change of electrical properties of

Zn0O: Al film at each oxygen gas ratio after
400°C, 30 min heat treatment (applied power
> 0.6 kW, chamber pressure : 0.58 Pa).
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Fig. 2. Change of electrical properties of
7Zn0:Al film at each oxygen gas ratio after
400°C, 30 min heat treatment (applied power

1 0.9 kW, chamber pressure . 0.58 Pa).
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Table 1

Sputtering condition for ZnO : Al film with
applied power of 0.6 kW and chamber pres-
sure of 0.58 Pa

Chamber pressure 0.58 pa

Total gas flow rate 95 scem

Conveyor speed 9.1 IPM x 4 pass
Power 0.6 kW

Mode Power fixed

O, ratio 0.358~0.211
Table 2

Sputtering condition for ZnO : Al film with
applied power of 0.9 kW and chamber pres-
sure of 0.58 Pa

Chamber pressure 0.58 pa

Total gas flow rate 95 scem

Conveyor speed 18.4 IPM X 4 pass

Power ~ 0.9 kW

Mode Power and voltage
fixed

O, ratio 0.337~0.300
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Fig. 3. Dependence of resistivities of ZnO :
Al films on heat treatment in the voltage reg

ulating mode (oxygen gas ratio | (0.645).
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Fig. 4. Dependence of electron mobilities of

ZnO : Al films on heat treatment in the volt-

age regulating mode (oxygen gas ratio .
0.645).
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Table 3
Condition of sputtering with voltage regu-

lating mode at fixed oxygen gas ratio

0.58 pa

Total gas flow. rate 95 scem

Conveyor speed 18.4 IPM x 4 pass
0. ratio 0.645

Mode Voltage fixed
440~505 V

Chamber pressure

Applied voltage
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Fig. 5. Dependence of electron concentra-
tions of ZnO : Al films on heat treatment in
the voltage regulating mode (oxygen gas
ratio : 0.645).
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Fig. 6. Variation of optical transmittance

spectra of ZnO : Al coated glass with heat

treatment (applied target voltage : 440 V,
oxygen gas ratio . 0.645).

100 T T T T
90 F o i 1
3 400°C,30min _/ 350°C.60min
X o}
3 70
< -
g 60
E sof
1]
§ 40r 350°C,30min
~ 30F ~~As-deposited )
20t 1
10F 1
o 1 1 1 i

300 400 500 600 700 800
Wavelength {nm)

Fig. 7. Variation of optical transmittance

spectra of ZnO : Al coated glass with heat

treatment (applied target voltage : 495 V,
oxygen gas ratio . 0.645).
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oxygen gas ratio . 0.645).
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