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Preparation and Properties of ZnO Transparent Conductive Thin

Films by Activated Reactive Evaporation Method
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Zinc oxide films were prepared on silica glass substrates by the use of an r.f.
activated reactive evaporation (ARE) method, and were examined by X-ray
diffraction(XRD) and scanning electron microscope(SEM). The electrical
conductivity of the films and the doping effect of Al ions were also investigated.

XRD measurements indicate that the films were c-axis oriented and that an r.f.
plasma of Zn and O was necessary for the ZnO film deposition. Substrate
temperature, oxygen gas pressure, evaporation rate, r.f. power and Al doping
amount affect the c-axis orientation, the growth rate, the microstructure of the
films and electrical conductivity. Optimum conditions with a fine texture of the
surface and having good crystallinity as well as good conductivity ( = 10 Qecm)
were as follows : the substrate temperature; 200°C, the total evaporation rate;
1.0 A /s, the oxygen pressure; 2.0 X 10 Torr, the r.f. power; 250W and the Al
evaporation rate ratio ; 2~6%. The films with 1.0 X 10 Qescm were prepared at
50°C for the substrate temperature.

key-words : ZnO film, Al doped ZnO, transparent conductive film, r.f. activated
reactive evaporation method
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Fig.2 Schematic diagram of activated reactive
evaporation(ARE)apparatus.

Table 1 Evaporation conditions for
Al doped ZnO film.

substrate
substrate temperature
evaporating source

total evaporation rate ratio
Al evaporation rate ratio
OXygen pressure

r.f. power

film thickness

quartz glass,sapphire C-plane
200°C, 50°C

Zn metal(99.99%) : resistance heater
Al metal(99.99%) : E.B. gun

1.0A/s

0%~-30%

2.0X104Torr

250W

2000 A

4000 A < for FE-SEM >

I DRRIEFHT & > T £7c Zn OzEFEEE T EMANE DIEEHZ X » TERERHIFE L.
[FIRHIC IR LI S 87z, Al F—7BOHERE U THWE: TAIZR#EL ) 13k

XoTEHE L,

Al ZAFHELL (%] = Al ZARHEE / (Zn ZBRBEE +Al KR HE)

FGON RO L LT X, BE, EHR4H FEREEE sk
¥, ICP4#7, SEM#BIZ, UV-VIS-IR Fil%E, 3% XBEOHIEEITH- 7.
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