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                                     様式３ 

論 文  内  容  の  要  旨  

氏  名  （    卜  渊     ）  

論文題名 

Effects of Hydrogen on the Growth of Gallium Nitride Single Crystals by 

OVPE Method (OVPE法を用いたGaN単結晶成長における水素の効果) 

論文内容の要旨 

Gallium nitride (GaN) semiconductor has been successfully used in a wide range of applications ranging from light -emitting 

diodes (LEDs), laser diodes (LDs) to power electronic devices and high-frequency devices. Since the earliest stages in the history 

of GaN-based blue LED successfully fabricated by professor Akasaki (Nagoya University, 1989), high-quality and low cost has 

been two of the key issues. In order to synthesize high-quality bulk GaN crystals, oxide vapor phase epitaxy method has been 

realized to be an attractive method. However, the growth rate was only 6m/h with the oxygen concentration of 1018 atoms/cc. 

Furthermore, the technique for hexagonal column GaN crystals growth by OVPE method has not been discussed. This 

dissertation described the results of the research on the effect of NH3 partial pressure, growth temperature, and H2 ratios on the 

quality and habit of GaN crystals by oxide vapor phase epitaxy method in order to fabricate high -quality column GaN with a high 

growth rate.  

Chapter 1 covers the background, typical growth techniques, the purpose and the structure of this dissertation. The background 

part shows the history and development of GaN-based devices. Then some growth technics including Na flux method, 

ammonothermal, metal-organic chemical vapor deposition, hydride vapor phase epitaxy, and especially oxide vapor phase epitaxy 

were introduced in a concise overview of their advantages and limitations, especially the issues on oxide vapor phase epitaxy. 

Finally, the purpose of this dissertation followed by the structure of this dissertation was described.  

Chapter 2 focuses on the effect of NH3 partial pressure on the quality of GaN crystals. Since gallium oxide was used as the Ga 

source, the oxygen incorporation has been one of the foremost issues. GaN layers with the growth rate of 12 m/h and a low 

oxygen concentration of 2.5×1017 atoms/cc, one order lower than that of our previous study, were obtained by reacting Ga 2O with 

NH3. The oxygen concentration in the GaN layers decreased with the improvement of surface morphology (smoothness) by 

growth under high NH3 concentrations. In conclusion, GaN films with low oxygen concentration can be obtained by the growth 

as a smooth surface, even when using Ga2O as the Ga source. However, the growth rate needs to be further increased and quality 

needs to be improved to achieve bulk growth. The low growth rate reported in this paper is probably due to the low Ga 2O partial 

pressure. 

Chapter 3 focuses on the effect of growth temperature on the quality and habit of GaN crystals. In this study, a GaN 

oriented-film with high crystallinity and low impurity concentrations was obtained by OVPE method. Homo-epitaxial growth 

allowed a higher possible growth rate than hetero-epitaxial growth. The GaN layer with both smooth surface morphology and 

high growth was relative obtained easier at a high temperature, accompanying a lower oxygen concentration. The FWHM of GaN 

(0002) X-ray rocking curve of the epitaxial layers greatly decreased with the increased of growth temperature, especially at a high 

growth rate. Moreover, the surface was damaged after DP process, and result in a significant deterioration of crystallinity. 

However, after CMP process, damaged layer was efficiently removed lead to a decrease of FWHM. The GaN layer grown on 

CMP substrate showed only a slight increase of FWHM. These results show that this method using Ga 2O vapor have potential as 

a simple VPE technique for growing high-quality GaN films. We concluded that high temperature growth on CMP treated 

freestanding substrate can effectively improve the crystal quality at a high growth rate. For the SAG study, we found that the 

nucleation rates decreased but the maximum volumes of GaN crystals increased with the temperature, due to the increase of both 

P0
Ga2O and diffusion distance of the adsorbed molecules. Furthermore, the habit of GaN crystal turned from pyramidal to column 

with the increase of temperature. 

Chapter 4 focuses on the effect of H2 ratios on the quality and habit of GaN crystals. We grew GaN on HVPE-GaN seeds in 

various ratios of H2/N2 mixed carrier gas. The oxygen concentration in the GaN layers decreased with the increase of H 2 ratio, 

and the values were significantly lower than those in our previous study in Chapter 3 at a high growth rate. This decrease of 
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oxygen concentration seems to be due to the promotion of the decomposition of Ga-O bond in H2 ambient. Moreover, the FWHM 

of (0002) GaN XRC and TDD decreased with increasing H2 ratios, which was probably due to the decrease of coalescence 

boundaries in the H2 carrier gas. Moreover, the surface treatment before growth strongly affected the crystallinity of epitaxial 

layer. High temperature and/or high H2 ratio condition allowed an improvement of crystallinity but a low growth rate due to an 

increase of GaN decomposition rate and diffusion rate. Furthermore, the FWHM significantly decreased when grown on a CMP 

treated substrate followed by an annealing in H2/N2 ambient before growth. We considered this improvement could attribute to an 

efficient removing of polishing damage and any contamination. As a result, GaN layer with a growth rate approximately 180 

m/h and a FWHM of (0002) GaN XRC of 71 arcsec was fabricated. We concluded that the GaN layers with a high growth rate, 

narrow FWHM, low TDD and also a low oxygen concentration can be obtained on the freestanding substrate, which treated by 

CMP and annealed in H2/N2, and grown in a high temperature, H2/N2 ambient.We also grew the GaN crystals on the c-plane SiN 

masked GaN templates under various temperature and carrier gas. Column GaN crystals with six smooth {10-10} facets and lots 

of pits on c-direction were appeared under a high temperature and H2/N2 mixed carrier gas. Nucleation rate decreased and the 

maximum volumes of GaN crystals increased due to the increase of P0
Ga2O and diffusion distance of the adsorbed molecules under 

a higher temperature and H2 ratio. We conclude that large size column GaN can be obtained under high temperature and high H 2 

ratio. 

 Chapter 5 concludes this dissertation and described the future development of this method. 

 

 






