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Effect of Ga Addition on the Electrical and Structural Properties of
(Zn,Mg)O Transparent Electrode Films
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Abastract (Zn,Mg)O (ZMO) thin films doped with Ga (0~0.03 mol%) in the target source were prepared by
pulsed laser deposition on c-plane sapphire substrates at 500°C, and the effect of Ga contents on the properties
of the electrical, optical and crystal properties of the deposited films was investigated. From X-ray diffraction
patterns, ZMO film doped with 0.02 mol% Ga showed crystal structure with c-axis preferred orientation,
showing only the (0002) and (0004) diffraction peaks. In contrast, ZMO film doped with Ga=0.03 mol% showed
a randomly oriented crystal structure. All the samples were highly transparent, showing the transmittance
values of above 85% in the visible region. For all the Ga doped ZMO films, the value of energy band gap was
found to be about 3.5 eV, regardless of their Ga contents. From the Hall measurements, the resistivity and
the carrier density for the ZMO film doped with 0.01 mol% Ga were about 5X10*Q-cm and 2x10* cm®,

respectively.
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Fig. 1. PLD system for the growth of Ga-doped ZMO thin
films.
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Table 1. Deposition conditions of Ga-doped ZnMgO (ZMO)
thin films grown by PLD.

34 ArF o] Z(#8=193 [nm])
o= oF 2 [Jem?)
HHE 37 10 [Hz]

Bl B 24)  ZnO+Mg0+Ga,0; 24 23 €4
Mg (v = 0.02 mol% 3173),

Ga (Yga = 0~0.03 mol%)
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B4 7192k 78 70 [mm]

Pab: A 500 [°C]

ESR A 29171 9X 107 [Torr]
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Fig. 2. X-ray diffraction patterns of Ga doped ZMO thin films
with varying Ga contents.
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Fig. 3. AFM surface images and RMS values for the Ga-doped ZMO films.
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Fig. 4. Optical transmittances of ZMO thin films doped with
Ga contents of 0.01, 0.02 and 0.03 mol%.
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Fig. 5. Resistivities and carrier densities of Ga doped ZMO
films at various Ga contents.
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