Novel chemical vapor deposition process of ZnO and Ga2O3 films by nonequilibrium atmospheric pressure N2/O2 Plasma
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 We have successfully generated a nitrogen plasma near atmospheric pressure with a high electron temperature (>4000 K) and a low gas temperature (<400 K) using dielectric barrier discharge. By employing this non-equilibrium nitrogen plasma, in which the emission corresponding to the N₂ second positive system was predominantly observed, self-limited nitridation of Si at a thickness of approximately 1.8 nm was achieved at room temperature. The leakage current of the resulting nitride film was found to be more than two orders of magnitude lower than that of films nitrided using RF plasma, where atomic nitrogen active species are predominantly observed [1]. By introducing only 1ppb O2 gas, oxidation is recognized. We have studied the effect of active species on the growth of oxide films such as ZnO and Ga2O3 in nitrogen nonequilibrium plasma generated near atmospheric pressure using home-made chemical vapor deposition systems. Optical emission spectroscopy was performed to evaluate the electronically excited species present in the plasma. In the spectra, the N₂ second positive system (N₂ 2PS) and the NO-γ system (NO-γ) were predominantly observed. The NO-γ emission was detected only at an O₂/(O₂ + N₂) flow rate ratio ranging from 0 to 1%. Figure 1 shows the optical emission intensities of N₂ 2PS and NO-γ as a function of the O₂/(O₂ + N₂) flow rate ratio. The intensity of NO-γ decreased drastically upon the introduction of the Zn source material [Zn(OD)₂], particularly at O₂/(O₂ + N₂) ratios of 0.04–0.2%, suggesting that NO radicals play an important role in the decomposition and/or oxidation of Zn(OD)₂. Figure 2 presents the XRD profiles of ZnO films deposited at various O₂/(O₂ + N₂) ratios, ranging from O₂-rich to N₂-rich gas compositions. With decreasing O₂/(O₂ + N₂) ratio, the degree of (0001) preferred orientation in ZnO films was markedly enhanced. These results indicate that N₂ plasma with a small amount of O₂ (<1%) provides superior crystallographic quality compared to O₂-rich plasma. We further investigated the role of active species in the growth of oxide films such as ZnO [2] and Ga₂O₃ [3] using our in-house chemical vapor deposition systems with nitrogen non-equilibrium plasma generated near atmospheric pressure. Highly resistive ZnO epitaxial films were successfully fabricated even at a substrate temperature as low as 200 °C. The residual donor concentration was measured to be below 1 × 10¹³ cm⁻³, which is highly beneficial for achieving p-type ZnO and for piezoelectric applications. The surface reaction mechanisms involved in the growth of oxide films such as ZnO and Ga₂O₃ are also discussed, with particular emphasis on the reduction of residual donor concentration and the potential for N₂ doping.
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Fig. 2 2- scanned XRD profiles of films deposited at O2 / (O2 + N2) flow rate ratio of 90% (a), 20% (b) and 0.2% (c).





Fig. 1 O2 / (O2 + N2) flow rate ratio dependence of the OE intensity of N2 2ps 337 nm (square) and NO- 234 nm (triangle). The open and close symbols correspond to the absence and presence of Zn(OD)2 in the mixed gases, respectively.








