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HVPE reactor for GaN growth

GaCl preparation zone — 800°C — resistive heater

Growth zone —1050°C — crystallization of GaN

2Ga(l) + Cl,(g) = 2GaCl(g)

GaCl(g) + NH3(g) =2 GaN(s) + H,(g) + HCI(g)
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HVPE reactor for AlGaN growth

AICI, preparation zone — 500°C — passive/resistive heater

l GaCl preparation zone — 800°C — resistive heater

‘ | Growth zone —1050°C — crystallization of GaN

.......
‘‘‘‘‘‘

2Al(s) + 3Cl,(g) = 2AICl,(g)
2Ga(l) + Cl,(g) = 2GaCl(g)

GaCl(g) + NH3(g) =2 GaN(s) + H,(g) + HCI(g)
2AICI,(g) + 2NH,(g) = 2AIN(s) + 3HCI(g)
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Supersaturation

Optimal conditions for HVPE
GaN and AIN growth
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GaN and AIN bulk growth by HVPE method

GaN JAVIN
Growth T [°C] 1050 1450
Source T [°C] 800 — 900 450 — 500

P [atm] 0.8 0.8
NH; [sccm/min] 1000 -
V/III 20 -
Growth rate [um/h] 240 — 480 150 — 170*

Preferred Surface
Diffusion and
Desorpsion

Preferred
Adsorbsion and
Surface Reaction

)

*Y. Kumagai et al. Appl. Phys. Express 15 115501 (2022)
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Difference of Supersaturation
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Shun Washiyama et al. Journal of Applied Physics 124, 115304 (2018); doi: 10.1063/1.5045058
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GaN and AIN bulk growth by HVPE method

GaN JAVIN
Growth T [°C] 1050 1450
Source T [°C] 800 — 900 450 — 500

P [atm] 0.8 0.8
NH; [sccm/min] 1000 -
V/III 20 -
Growth rate [um/h] 240 — 480 150 — 170*

Preferred Surface
Diffusion and
Desorpsion

Preferred
Adsorption and
Surface Reaction

)

*Y. Kumagai et al. Appl. Phys. Express 15 115501 (2022)
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Parameters that affect the saturation

Influence of various parameters on o

P: 4| vinrato t |R; £ ot
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Not too low due to Not too high
Constant decomposition of GaN due to
decomposition
of GaN

Shun Washiyama et al. Journal of Applied Physics 124, 115304 (2018)
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AlGaN growth — reduction of NH,
A — high V/IlI ratio
A g

B — low V/III ratio

T[°C] 1050 1050
v = — Py, 0 P [atm] | 0.8 0.8 R - Paci, c
Paict, + Peaci NH; [sccm/min] 1100 400 Paict, + Peaci
VI 79 21
R 0.31 0.31
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¥ | AIGaN growth — NH, flow reduction

unipress

[Al]
[ 4-5at%

A — high V/III ratio

DiT= 300k Mgy MDIKX  UmPin PR
WO«103xm  Syed A« SE2 NG PAN

EHT = 3.00 kV Mag= 250KX  URraPlus [Semee
WD =10.2mm Signal A = SE2 IWC PAN
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EHT = 3.00 kV
WD =10.0 mm
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[Al] O at.%
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AlGaN growth — NH; flow reduction

B — low V/III ratio

[Al] 0.35 at.%

EMT=1500kY  Mag= 969X ara Plus [ EHT=1500kV  Meag= 1000KX URraPlus PHIRN
WD = 8.9 mm Signal A = InLens  IWC PAN WD =10.0 mm Signel A= InLens  IWC PAN
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AlGaN growth — reduction of NH,
A — high V/IlI ratio
A g

B — low V/III ratio

T[°C] 1050 1050
v = — Py, 0 P [atm] | 0.8 0.8 R - Paci, c
Paict, + Peaci NH; [sccm/min] 1100 400 Paict, + Peaci
VI 79 21
R 0.31 0.31
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AlGaN growth

Applied Physics Express 15, 085504 (2022)
https://doi.org/10.35848/1882-0786/ac8412

(d) (e) (f)

Fig. 2. (Color online) Optical microscope images of the AlGaN surfaces of samples denoted in Fig, 1.
Hydride vapor phase epitaxial growth of AlGaN
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Difference of Supersaturation

A — high V/III ratio B — low V/III ratio
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¥ AlGaN growth — reduction of growth pressure
B.p=08fam C. p=0.4[atm] D. p = 0.2 [atm]

T [°C] 1050 1050 1050
P [atm] 0.8 0.4 0.2
NH; [sccm/min] 400 400 400
VI 21 21 21
R 0.31 0.31 0.31

Institute of High Pressure Physics Polish Academy of Sciences



s

2| AlGaN growth — reduction of growth pressure
B. p = 0.8 [atm] C. p=0.4 [atm] D. p = 0.2 [atm]

22-077 8

22-072 6

22-070 4

[Al] 0.35 at.% [Al] 0.98 at.% [Al] 2.15 at.%

T [°C] 1050 1050 1050
P [atm] 0.8 0.4 0.2
NH; [sccm/min] 400 400 400
VI 21 21 21
R 0.31 0.31 0.31
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AlGaN growth — reduction of growth pressure

B. p = 0.8 [atm] C. p=0.4[atm] D. p = 0.2 [atm]

cress-section AlGaN 1

~ GaN

(avarage thickness of AlGaN) (avarage thickness of AlGaN)

37.0 ym 31.7 ym " GaN

(avarage thickness of AlGaN)
15.9 um

Constant growth time
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Difference of Supersaturation
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Difference of Supersaturation
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Difference of Supersaturation

= AICI; only
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AlGaN growth — influence of the off-cut

Off-cut 2.0 deg

Off-cut 4.0 deg

R = Paici,

Paict, + Peaci

Off-cut 1.0 deg [
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AlGaN growth — influence of the off-cut

"057-20mm S 23-062-20mm3S

, | B | Off-cut 2.0 deg
[Al] 4.5 at.% [Al] 3.4 at.%

Off-cut 4.0 deg

[Al]] 2.8 at.%

R = Paici,

Paict, + Peaci

[Al] 3.4 at.%
Off-cut 1.0 deg e

S — m

OAV WIkSSmm Px: 092pm
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[lﬂj\ Growth of AlGaN layer on native Am-GaN seed

23-044-10mm 3

[Al] 4.0 at.%

[Al] 3.5. at.%

23-044-10mm 5657
Ch0 MAG: 5000x HV:10kVv WD:96mm Px: 0.12 ym

center

edge 23-044-24mm 5661

Ch0 MAG: 5000x HV:10kv WD:96mm Px: 0.12 pm
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Growth of AlGaN layer on native Am-GaN seed

23-044-10mm 3

[Al] 4.0 at.%

beam size: 1 mm x 10 mm

107

counts (a.u.)

23-044-10mm 5657 i
Ch0 MAG: 5000x HV:10kvV WD:96mm Px: 0.12 pm 10

center

10°
-1 0 1

omega (deg)

XRD for 002 reflection
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Summary

» Crystallization of AlIGaN with low concentration of Al is possible at the optimum temperature for
GaN growth - 1050°C

« Under such conditions, high supersaturation for Al - favoring nucleation - can be effectively lowered
by lowering the ammonia flow without GaN decomposition.

* Reducing the supersaturation for Al is also favored by reducing the pressure in the reactor.

» Reducing the pressure allows shifting the supersaturation for Al from the nucleation region to the
crystal growth region.

* Increasing off-cut results in a radical improvement in growth morphology
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