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Abstract Bulk GaN crystals were grown by the basic ammonothermal method. The c-plane GaN templates grown by
hydride vapor phase epitaxy were used as seed crystals and sodium metal, amide, and azide were added as a mineralizer.
The growth conditions are at temperatures from 500~600°C and pressures from 2~3 kbar. The growth rate for the c-axis
was increased with increasing the operating pressure. Average dislocation density was measured 1 x 10°/cm’ by the
cathodoluminescence measurement. The full-width at half-maximum of the X-ray diffraction rocking curve for (002)
reflection was approximately 270 arcsec for Ga face and 80 arcsec for N face.
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Fig. 1. Ammonothermal GaN crystal grown on HVPE seed.
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Fig. 3. (a) Filling ratio dependence on the growth rate and (b) growth rate at different mineralizers.

Fig. 4. CL image of ammonothermal grown GaN crystal.
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Fig. 5. X-ray diffraction rocking curve for (002) reflection
(a) Ga face and (b) N face.

4.8 E

Basic YE=AE WPHO g oF 50 mme] Ao} oF 2
mme] FAE 7K M3 GaN ©EAAES AFAIAT
Filling ratio”} 5715kl wet o5 ko gl 44 4%
St S7RIY. 24 AR S SHedMe KAE
o] FsAl Bt NaAlgel #skA7F o fr2lskaith. CL
S B3 A" A9 =Wr FIES 1 x107em™IAL
(002)4¢] DCXRD FWHM 2 270 arcsec(Ga®H), 80
arcsec(NH)O2 J74% U3 GaN THAH FZo] ¢
TE & T UM ole} T2 AARE Fol] g
Y HHE IEEY] Y GaN ©EA S g
2eet 3% 7leolztar A7

¢

O~

HAle| 2

ek,

References

[ 1] H. Jacobs and D. Schmidt, “High pressure ammonoly-
sis in solid-state chemistry”, in Current Topics in Mate-
rial Science, E. Kaldis, Ed., North-Holland Publishing
Co. (1982) 383.

[2] R. Dwilinski, A. Wysmolek, J. Baranowski, M. Kaminska,
R. Doradzinski, J. Garczynski, L. Sierzputowski and H.
Jacobs, “GaN synthesis by ammonothermal method”,
Acta Physica Polonica A 88 (1995) 833.

[ 31 R. Kucharski, M. Zajac, R. Doradzinski, M. Rudzinski,
R. Kudrawiec and R. Dwilinski, “Non-polar and semi-
polar ammonothermal GaN substrates”, Semiconductor
Science and Technology 27 (2012) 024007.

[4] R. Dwilinski, R. Doradzinski, J. Garczynski, L. Sierz-
putowski, R. Kucharski, M. Zajac, M. Rudzinski, R.
Kudrawiec, W. Strupinski and J. Misiewicz, “Ammono-
thermal GaN substrates: Growth accomplishments and
applications”, Physica Status Solidi (a) 208 (2011) 1489.

[5] D. Ehrentraut, R.T. Pakalapati, D.S. Kamber, W. Jiang,
D.W. Pocius, B.C. Downey, M. McLaurin and M.P.
D’Evelyn, “High quality, low cost ammonothermal bulk
GaN substrates”, Jpn. J. Appl. Phys. 52 (2013) 08JAOI.

[6] K. Yoshida, K. Aoki and T. Fukuda, “High-temperature
acidic ammonothermal method for GaN crystal growth”,
J. Crystal Growth 393 (2014) 93.

[ 7] B. Wang, M.J. Callahan, K.D. Rakes, L.O. Bouthillette,
S.-Q. Wang, D.F. Bliss and J.W. Kolis, “Ammonother-
mal growth of GaN crystals in alkaline solutions”, J.
Crystal Growth 287 (2006) 376.

[ 8] R. Dwilinski, R. Doradzinski, J. Garczynski, L. Sierz-
putowski, M. Palczewska, A. Wysmolek and M.
Kaminska, “AMMONO method of BN, AIN and GaN
synthesis and crystal growth”, MRS Internet J. Nitride
Semicond. Res. 3 (1998) 25.

[9] B. Wang and M.J. Callahan, “Ammonothermal synthe-
sis of III-Nitride crystals”, Crystal Growth & Design 6
(2006) 1227.

[10] M. Callahan, B.-G. Wang, K. Rakes, D. Bliss, L. Bouth-
illette, M. Suscavage and S.-Q. Wang, “GaN single
crystals grown on HVPE seeds in alkaline supercritical
ammonia”, J. Mater. Sci. 41 (2006) 1399.



