HVPEGaNgrowth
On the bumpy road to bulksaN
and high quality wafers
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Do we needsaNsubstrates?
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Do we needsaNsubstrates?
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GaNgrowth methods
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Hydride Vapor Phase Epitaxy
(HVPEgrowth method)
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unipross HVPE method

2HC}, + 2Gg, = 2GaGl +Hy GaCl, + 2HG) = Gally) + Hyg
GaCy, + NH ) = Gal) + HCG) + Hy,

N,/H, + GaCl + NH

Seed holder

I
I
N,/H,, :
|

Kttt &cC (PGaC§+ Pac)l at ammoniarich conditions

A. Koukitu, Y. Kumagan Technology of Gallium Nitride Crystal Grow®pringerVerlag, 2010, p. 31. 7
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Advantages of HVPE method
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Growth on GaAs (111)A/LT GaN by Dislocation Elimination by the Epitaxial growth witt
inverse pyramidal Pit¢DEEP) and AdvancdREEP (ADEEP)
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K. Motoki, et.al, J. Cryst Growth 237 (2002) 912; J. Cryst Growth 305 (2007) SUMITOMO
ELECTRIC °

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

< SUMITOMO CHEMICAL

http://www.hitachi -metals.co.jp

MOCVDBGaN/sapphire
& MITSUBISHI CHEMICAL

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

FURUKRAWA

/ http://www.furukawakk.co.jp

AT
SAINT-GOBAIN

http://www.lumilog.com

http://www.aetech.ip/ e

Nanowin/

’ http://www.nanowin.com.cn
kyma et
http://www.kymatech.com

http://www.sinonitride.com
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HVPEGaN substrates suppliers

Growth on sapphire/MOVPIsaN/Ti by VoidAssisted Separation

Nano-net Void
-« —> / -« —>
n =
GaN [.
Sapphire

€

Decomposition of N-face

Y. Oshima et al. Jpn. J. Appl. Phys. V. 42 (2003)
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Bending of crystallographic planes

(0001) gallium surfaceT(+c)

(000-1) nitrogen surface l(—c)
crystallographic planes
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Bending of crystallographic planes

The waferQ surfaceneedsto be offcut uniformly for 0.1 degreein a specificdirection:

-to promote bilayer stepflow,
-to control the compositionof ternary alloysin devicelayers,
-to control the incorporationof dopantsand unwanted impurities.

Calculatedmiscutdeviation over the wafer for different bow radii
Wafer Dia Lattice Bow Radius

oSm 10 m 20 m 30 m

M € 0.3A 0.15A 0.07A 0.05A

H € 0.6A 0.3A 0.15A 0.1A

0 € 0.9A 0.5A 0.2A 0.15A

né 1.6A 0.6A 0.3A 0.2A

ad . 2812641 A Vol ZWRssueq0IHMESL N/ {
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T. Suski et al Applied Physics Letters Vol. &sue: 17, 172117, 2008
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Na-flux growth method
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uripress Na-flux growth method

Discovered by Prof. Yamane at Tohoku Univ. 1997
Developed by Prof. Mori at Osaka Univ.

N, pressure <LOOMPa and temperature <¢p n 1 x
Growthrate-pn > YK K

Growth run proceeds at constant temperature

The mass transport is governed by convection
caused by mechanical stirring of the flux
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Growth by the Naflux
Point SeedTechnique (SPST)

................ 3 Y N oo
e direction

-

...........
.......
o} \

-----

'''''''
..............

------------------

Y. Mori et al.,CS MANTECH Conference, May 1@8nd, 2014, Denver, Colorado, USA L
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GaNcrystal by HVPE on coalescé&@Nseed

SEM image of surface
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Y. Mori et al., IWN 201€onferenceAugust24th ¢ 29th, 2014,Poland



