
HVPE-GaN growth  
On the bumpy road to bulk GaN 

and high quality wafers 
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Silicon 

Do we need GaN substrates? 

T. Uesugi, T. Kachi, CS MANTECH Conference, May 16th-19th, 2011, Palm Spring, CA, USA  
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Do we need GaN substrates? 
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T. Kachi, Japanese Journal of Applied Physics 53, 100210 (2014) 

T. Uesugi, T. Kachi, CS MANTECH Conference, May 16th-19th, 2011, Palm Spring, CA, USA  

Do we need GaN substrates? 
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GaN growth methods 
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Hydride Vapor Phase Epitaxy  
(HVPE growth method) 
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HVPE method 

Seed holder 

Substrates zone T= 850oC Growth zone T= 1045oC 
 

2HCl(g) + 2Ga(l) = 2GaCl(g) +H2(g) 

GaCl(g) + 2HCl(g) = GaCl3(g) + H2(g) 

GaCl(g) + NH3(g) = GaN(s) + HCl(g) + H2(g) 

N2/H2 + NH3 

Ga 

N2/H2 + HCl 

N2/H2 + GaCl 

N2/H2 + GaCl + NH3 

Carrier gas: 
N2/H2 

ҟtGa= [tɕGaCl ς (PGaCl
3 
+ PGaCl)]     at ammonia rich conditions 

A. Koukitu, Y. Kumagai in Technology of Gallium Nitride Crystal Growth, Springer-Verlag, 2010, p. 31. 
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High growth rate (>100 ˃m/h) 
 

c-plane 

Advantages of HVPE method 

T. Sochacki et al. Journal of Crystal Growth 407 (2014) 52ς57 

High purity 
(impurities concentration < 1016 cm-3) 

c-plane 

Doping with Si or Ge 

n = 5 x 1018 cm-3  

ҡ Ґ мтл ώŎƳ2/Vs] 

Doping with C or Fe 

semi-insulating 



Commercially available HVPE-GaN 

K. Motoki, SEI Technical Review, Number 70, April 2010; 28 

K. Motoki, et.al, J. Cryst Growth 237 (2002) 912; J. Cryst Growth 305 (2007) 377  

Growth on GaAs (111)A/LT GaN by Dislocation Elimination by the Epitaxial growth with 
inverse pyramidal Pits (DEEP) and Advanced-DEEP (A-DEEP) 
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http://www.aetech.jp/  
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HVPE-GaN substrates suppliers 
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http://www.hitachi -metals.co.jp 

MOCVD-GaN/sapphire 

http://www.sinonitride.com  

http://www.nanowin.com.cn  

http://www.kymatech.com 

http://www.m -kagaku.co.jp 

http://www.furukawakk.co.jp  

http://www.lumilog.com  
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HVPE-GaN substrates suppliers 

Y. Oshima et al. Jpn. J. Appl. Phys. V. 42 (2003) 

Growth on sapphire/MOVPE-GaN/Ti by Void-Assisted Separation  
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Bending of crystallographic planes 
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Calculated miscut deviation over the wafer for different bow radii 

Wafer Dia Lattice Bow Radius 

5 m 10 m 20 m 30 m 

мέ 0.3Á 0.15Á 0.07Á 0.05Á 

нέ 0.6Á 0.3Á 0.15Á 0.1Á 

оέ 0.9Á 0.5Á 0.2Á 0.15Á 

пέ 1.6Á 0.6Á 0.3Á 0.2Á 

The waferΩǎ surface needs to be offcut uniformly for 0.1 degree in a specific direction:  
 

 -to promote bilayer step flow,  
 -to control the composition of ternary alloys in device layers, 
 -to control the incorporation of dopants and unwanted impurities. 

aΦ .ƻŏƪƻǿǎƪƛ ŀƴŘ ½Φ {ƛǘŀǊΣ /{ Vol. 20 Issue 4 (2014) 48-51  

Bending of crystallographic planes 



Free-standing HVPE-GaN substrate 
Uniform offcut required! 
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T. Suski et al., Applied Physics Letters Vol. 93 Issue: 17, 172117, 2008 
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Na-flux growth method 
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Discovered by Prof. Yamane at Tohoku Univ. 1997 
 
 
Developed by Prof. Mori at Osaka Univ.   
 
 
N2 pressure < 100 MPa and temperature < фллх/ 
 
 
Growth rate - рл ˃ƳκƘ 
 
 
Growth run proceeds at constant temperature  
 
 
The mass transport is governed by convection  
caused by mechanical stirring of the flux 

Na-flux growth method 
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Growth by the Na-flux  
Point Seed Technique (SPST) 

Y. Mori et al., CS MANTECH Conference, May 19th - 22nd, 2014, Denver, Colorado, USA  

as-grown (4 inch) 



300�Pm 300�Pm 

Na-flux GaN seed 

HVPE-1st 
HVPE-2nd нмн˃Ƴ 

пм˃Ƴ 

пол˃Ƴ 

GaN crystal by HVPE on coalesced GaN seed 

SEM image of surface 

Growth rate: ~ул˃Ƴ 

18 Y. Mori et al., IWN 2014 Conference, August 24th ς 29th, 2014, Poland  


