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Fig. 2 Growth rates as functions 

of O-related species fluxes of 

GZO films. 
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Fig. 1 (a) growth rates and (b) the 
count rates of neutral In atoms 
and In+ ions of RPD-deposited 
ITO films. 
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We have fabricated and provided reactive plasma deposition 

with direct current (DC) arc discharge (RPD). The RPD enables 

us to achieve highly transparent conductive oxide (TCO) films 

deposited on amorphous substrates at low temperature; TCO films 

are based on indium tin oxide (ITO) and Ga-doped zinc oxide 

(GZO) films [1, 2]. We have been investigating the factors 

limiting growth rates and determining structural and electrical 

properties of ITO and GZO films deposited on glass substrates at 

temperature of 200℃ by RPD. For ITO and GZO films during the 

deposition of those films, at the substrate level, we measured the 

incident fluxes (IF) of the neutral atoms, In and O, and Zn and O 

as host atoms, respectively, and their positively charged ions, i.e., 

Zn+, In+, O+, and O2
+. For the measurements, we used a mass-

energy analyzer (Hiden, EQP300), a Langumuir probe, and a 

diaphragm gauge [3]. Figures 1(a) and (b) show the growth rates 

of ITO films and the count rates of the fluxes of In atoms and In+ 

ions as functions of various total working pressure. For RPD-

deposited ITO films, those clearly show that the fluxes of In+ (>10 

eV) ions were a dominant factor limiting the growth rate of ITO 

films. From Figure 2 that shows the growth rates of RPD-

deposited GZO films as functions of the sum of IFs of the neutral 

O atoms, O+ and O2
+ ions, we concluded that the sum of IFs of the 

O-related species govern the film-growth rates. We elucidate what 

determines electrical properties of the ITO and GZO films. 

The authors are grateful to Dr. Katsuhiko Inaba and Dr. 

Shintaro Kobayashi of Rigaku Corp., and Dr. Junichi Nomoto of 

National Institute of Advanced Industrial Science and Technology 

for their technical support of the analysis of various XRD measurement results and fruitful discussion. 

REFERENCES: 
[1] M. Takana, H. Makino, R. Chikugo, T. Sakemi, K. Awai, “Application of the Ion Plating Process 

Utilized High Stable Plasma to the Deposition Technology”, J. Vac. Soc. Jpn., Vol. 44, pp 435–439, 

year 2001. 

[2] J. Nomoto, H. Makino, T. Yamamoto, “Limiting factors of carrier concentration and transport of 

polycrystalline Ga-doped ZnO films deposited by ion plating with dc arc discharge”, Thin Solid Films, 

Vol. 601, pp 13–17, year 2016. 

[3] H. Kitami, M. Miyashita, T. Sakemi, Y. Aoki, T. Kato, “Quantitative analysis of ionization rates of 

depositing particles in reactive plasma deposition using mass-energy analyzer and Langmuir probe”, 

Jpn. J. Appl. Phys., Vol. 54, 01AB05, year 2015. 


