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Abstract: We demonstrated a crack-free a-Ga,O; on sapphire substrate by horizontal halide vapor phase epitaxy (HVPE).
Oxygen-and gallium chloride-synthesized Ga metal and HCI were used as the precursors, and N, was used as the carrier
gas. The HCI flow and growth temperature were controlled in the ranges of 10~30 sccm and 450~490°C, respectively.
The surface of a-Ga,O; template grown at 470°C was flat and the root-mean-square (RMS) roughness was ~2 nm. The
full width at half maximum (FWHM) values for the symmetric-plane diffractions, were as small as 50 arcsec and those
for the asymmetric-plane diffractions were as high as 1,800 arcsec. The crystal quality of a-Ga,O; on sapphire can be
controlled by varying the HCI flow rate and growth temperature.
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Table 1. Growth condition and thickness of a-Ga,O; template.

Run No.  Growth temp. (‘C) HCI (sccm) Thickness (nm)
1 470 10 951
2 470 20 1,958
3 470 30 2,659
4 450 10 796
5 470 10 951
6 490 10 1,030

Fig. 1. (a) Picture of a-Ga,O; template, (b) OM image, and (c)
AFM image of the surface of a-Ga,O; template at grown 470°C.
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Fig. 2. 2 theta XRD spectrum of the a-Ga,O; template with the
variation of (a) HCI flow and (b) growth temperature.
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Fig. 3. (0006) FWHM and growth rate of a-Ga,O; templates at
different (a) HCI flow and (b) growth temperature.
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Fig. 4. (10-14) FWHM of a-Ga,O; templates at different (a)
HCI flow and (b) growth temperature.
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Table 2. FWHM values, grain size and dislocation density for

grown a-Ga,Os templates.

FWHM FWHM . . . .
(0006) (10-1) Grain size Dislocation density
(arcsec) (nm) screw edge
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5 31 3,013 1,023 2.9E+05 2.0E+10
6 50 2,550 634 7.5E+05 1.4E+10

arcsecoi 0jQ =o 7+S wo|y 9th HCl oFo]
30 scemd m (10-14) ® 7‘]%% 1,897 arcsec& 10
scem o] w]sto] ofF 40%7t ZAstch. 13 4(b)ol
A 4R T b 450°Col|lA] (10-14) ¥HR]ZS 1,853
arcsecZ 7P @e S HP 470°ColA M =

. 549 2us

2 %I?_] 3,013 arcsecz =Xy

™ (0006)of Tigt WHR]= &
57\4 At A =AUzt A
. T}at (0006)o] w]3 (10-
7t AoiE oz e 2
A= fARSE S
ol MAIx=7 wst U Sn

@ 9lrt

Fl

oX
= o gy 3o
B
)
o
&
5
R

-+
N

|t

o/l I A o) _IH:I

il
N oX
o > rin
H ot
ko Q

-Gay032] (0006)xt (10-14)
WAt F710 MY Ve
HCI 9% wato] me 4
o HuTAE =Hls] 9
oA Akl 2712 A

],

1
tlo
)
M
lo
ox MU

50
L

o O = N
[\
rr o
1)
X

ol fT &
My

o % Kl
j_?g

of i}
o}gfe] Scherrer
off =ofct [11].

> [
)
1o

o

ol
==

d

_ 094\
Bcosh

D= 4AF Z7]0la, Mz X-rayQ] o} gholil, P
(0006) mA9] ¥FX]Zo0] 1
ot} YA =Z7]= 4 300 nmojlA AT 1,800
nm7HA] UeRt=d], HCl S Aarewrt e o
7PE A7 ZREQAG. o] At RS 5L
5 YA 271 AobRl= S Qulgt.

gi 48 ¥IRIFEoR HY Yo AXtEo
dytAl oz (0006) BHR|H2 c&x U9 Hgs WA

LI



A7|ARA 5 5+8)==A], A31E Al63 pp. 357-361, 2018 94:

& & ol Ald Ae Ywet w0l i (10-14)
VIRIZS aZt oWl WS BAY 4 gene
2 RS EEeF wRio] tpal d=A QI [12]. °]
et A2 47 ofln Uo Z2dE=s HEAC
2 Jre o e gHes d2A ok
E733r REAIZC] S offe] Ao tidsto] izt
A RS Atstt [13]
F F;
(0006) (10—14)
=0 p =04 4
o T o 4)

DE A9 B=E YEaL, F= R Z0]1l, by B
2HES Yepdch Ay AU EE 8.7¢10" cm™E
E] 3.3x10° cm?2 Ex;Elo] 919y HlwA e ke
PR 2 A9 WreE 7.5%10° cmRE 2.0x10"
cm”?2 0fQ =A UeRdtt ol o-AlLOs 7|HS At
&gl mep 1 9o A== a-Ga0s= 52 +
2 JARH & ¥ GBole anpAoy

og: HAAEUA B2 S

rr 42 ox o%
=
R
rlr
N
Y
r
2,
10
i)
for
el
N
)
=)
ko
vy -
|
N
p-
>
)

HVPE d7%& o]&sfto] Apmto]of
of AFE9 a-Gaz0s templateS dAsFAT
HCl St dAre w2 x4H35t0] o-Gay0; templated
B2 2AsHIT. A a-Ga0;
S hillocko] WAL QIX]TF RMS
roughness’t ¢f 2 nm= W& JF&Co|= o)z
& BY AEHZS UERlch B A2 &A= 450°C
oA ‘7t a-Gaz03 templateofAl (0006) ¥HR]=2
17 arcsec, (10-14) ¥FX]Z& 1,853 arcsec= 0%
et S4E Bon o Mo YAy A=+
8.7x10* cm™ Zd MY U S3A™Q et 7.5x10°
cm?2 AAE Tt ofAZtAl s AWzt tha Eo}
AEgter] 385 HdlixAe 2
oot A 71= 7igo] desty A
23t doping 7]&o] FAlo] ZidEojof Sty

£357] 5 361

aAe 2

o] P2 20179E AAEAAAL 2ALES| SN
b (R b a A A K7 2L AR BH 5 -10080736)
Agoz 29 ad,

S~
o

i)

P

REFERENCES

[1] K. Kaneko, H. Kawanowa, H. Ito, and S. Fujita, Jpn. J. Appl.
Phys., 51, 020201 (2012). [DOI: https://doi.org/10.1143/JJAP.
51.020201]

[2] D. Y. Guo, X. L. Zhao, Y. S. Zhi, W. Cui, Y. Q. Huang, Y.
H An, P. G. Li, Z. P. Wu, and W. H. Tang, Mater. Lett., 164,
364 (2016). [DOL: https://doi.org/10.1016/j.matlet.2015.11.001]

[3] S. C. Vanithakumari and K. K. Nanda, Adv. Mater., 21, 3581
(2009). [DOI: https://doi.org/10.1002/adma.200900072]

[4] D. Guo, Z. Wu, P. Li, Y. An, H. Liu, X. Guo, H. Yan, G.
Wang, C. Sun, L. Li, and W. Tang, Opt. Mater. Express, 4,
1067 (2014). [DOI: https://doi.org/10.1364/OME.4.001067]

[5] C. Jin, S. Park, H. Kim, and C. Lee, Sens. Actuators, B, 161,
223 (2012). [DOL: https://doi.org/10.1016/j.snb.2011.10.023]

[6] K. Sasaki, A. Kuramata, T. Masui, E. G. Villora, K. Shimamura,
and S. Yamakoshi. Appl. Phys. Express, 5, 035502 (2012).
[DOL: https://doi.org/10.1143/APEX.5.035502]

[71 M. Higashiwaki, K. Sasaki, T. Kamimura, M. H. Wong, D.
Krishnamurthy, A. Kuramata, T. Masui, and S. Yamakoshi,
Appl. Phys. Lett., 103, 123511 (2013). [DOL: https://doi.org/
10.1063/1.4821858]

[8] M. Imura, K. Nakano, N. Fujimoto, N. Okada, K. Balakrishnan,
M. Iwaya, S. Kamiyama, H. Amano, 1. Akasaki, T. Noro, T.
Takagi, and A. Bandoh, Jpn. J. Appl. Phys., 45, 8639 (2006).
[DOL: https://doi.org/10.1143/JJAP.45.8639]

[9] K. Akaiwa, K. Kaneko, K. Ichino, and S. Fujita, Jpn. J.
Appl. Phys., 55, 1202BA (2016). [DOI: https://doi.org/10.7567/
jjap.55.1202ba]

[10] D. Shinohara and S. Fujita, Jpn. J. Appl. Phys., 47, 7311

(2008). [DOLI: https://doi.org/10.1143/JJAP.47.7311]

[11] A. L. Patterson, Phys. Rev., 56, 978 (1939). [DOI: https://
doi.org/10.1103/PhysRev.56.978]

[12] J. Bai, T. Wang, P. J. Parbrook, K. B. Lee, and A. G.
Cullis, J. Cryst. Growth, 282, 290 (2005). [DOIL: https://
doi.org/10.1016/j.jerysgro.2005.05.023]

[13] Y. Chen, H. Song, D. Li, X. Sun, H. Jiang, Z. Li, G.
Miao, Z. Zhang, and Y. Zhou, Mater. Lett., 114, 26 (2014).
[DOL: https://doi.org/10.1016/j.matlet.2013.09.096]





