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Observation of dislocations in HVPE 1/2-inch gallium oxide trench-type Schottky barrier
diode epitaxial layer by X-ray topography
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(English)

Gallium oxide are wide band gap semiconductor, and are expected as high-efficient
high-power electronics device. However, defects in crystals lead to a leakage current and
decrease the breakdown voltage.




It has been reported that dislocations in B-Ga,03 cause leakage current by Schottky diode.
Therefore, to minimize the defect density, it is critical to understand crystal defects such as
dislocations and stacking faults. Recently we reported various kinds of killer defects. Most of
all studies used 2-inch wafer. Some industries want to use half-inch wafer, but SBDs on
half-inch wafers tend to show higher leakage current and lower breakdown voltage.

In this study, we observed defects in half-inch HVPE-grown B-Ga;03 wafers.

2. HERLEW

EAIXINETHLOVETMEIORIRLE Zna A0 LT A RISHAICET 2058 21T > T 7.
BRI, U a3 h— 31 RSIC), #fbH U v A(GaN), 2T /LI =7 AAIN), ¥1¥ELN,
B-GaxO3 DRV R ¥ ¥ » 7% 608 LWSEROFIER & 2 gd WKL - |t/ T —
TA ZADISHIZET 2858 21T > T 5.

BREE - TRV —[EIY, SR ROEAESEETH D, =Ly bu=s A, (FHEE R v
N —2, BNFRY NI =T DXLV FX =R, VAT LADON—RI =T —DORKESEEDDH Y
a (SO EIOEA OPHERFUCEIEL T D, ZNEFIET 572012, Si KUY RE¥ v v 7 R)A
W SIC R GaN X0, HTLWI A RE¥ vy v 7PRERTHDL XA TEY RO Y v A2 HWi-mahs
N —F A ZOREAUIZERT, =X —REEZRANICHERT 52 EDRRROBETHS. L
L7, PEEERZ AN THERINDETT /N A - 6T 31 AR, ZOfEs O 7K
MaoBPEic RE L EREND. HlzE, BIRKMTH DAL 8, KMUELL, RIFTOGYA h g
CxnE2, 2 OBRE, TAA AR EZBENSELERE LD, O RS 5K M OB E0H I,
FEEICHICANT - BEERRETH D, AL INETIC X B IR T 74— L D XA YT
N HfER R B-Ga05 Bt fh DHALOFEfE KB DBIEL L RIEZ1T-> C&E 7. B-Ga0s ICB L TIE, Zh
FORS PRI X D EREEBFOBEEITV, Zkoif e L TRMOBIEZ{ToTE77=. LrL, Zih
5DRMGNEBIZE AT A AZEZ DEEBITD) > TR, 20728, B-Ga0; FBIKDFE 14
PEm D7Dz, ¥T7—RME722 b0 L TBLERDHD.

L, I2ATFRET =D SBD L, 24 FEY = X0 L HAMEMELS . V—27 FBIRHN
FWEWVWIRERDEONTED  BANRINETHONIZLE2AA VTR Y =2 OF T — KL 1358
25X 7 —RMGPFAET D AlRetENn & 5,

ZDH, 8 A, IRA VTR = EICER LT F Lo T8 SBD TREMm KRz i~ Tu <,

3. EBRNE RUBLEBRF LN T EOHHR)

EFGB-GaxOs FEMfs i D1 7 %, (100)f G OB EHET 5. 22 THENE, X ER7F 7
4 —TCHIFTNNDOF2 D EFGB-Gax0: T E DY 7 v b UXf bR T 7 4 —%BE2 L, KaD5y
PR EZ TS . g7 MWK DT %L o8 —THIEL, Bbhiz hRZ T 715 % i
L, Rifagz2> T A FOWEBEANC LV, BLON—=H—AXT MV ERET S.

BESME X Mo X—, REHLEZ &) 1THEREom AL, Blggd (FmnrdDgEs) 12

FoTEETLN, 77 v 7RJECETUIDRMFZRET .




Detector Detector
(X-ray film) (X-ray film)

w

N MonochromaticX-ray ~ Double crystal MonochromaticX-ray ~Double crystal

monochromator 20 3 monochromator
1 Si 111 symmetric reflection 15 Si 111 symmetric reflection

3. )w
sample m %(— White X-ray Sample J Ill White X-ray
slit (4.5 - 25 keV) slit (4.5-25 keV)

(a) BEBECE b)) RETEE

4. EBRmRLEEE
A HVPE 7 A . B-Gar0s = ETiE R A~ o /1 by X K75 7 g —E LT
BUE, B OFESRHEICOWTHEFR TH 5,

5. S%OFE

4 [A] HVPE B-GayOs = B ik 2> v 7 a b X NRT T 7 4 —BE8 Lz, BUE, N—H—
ARG NIVORRNT 2 T > T D, XBNRT T 7 4 —=° AFM Wil TEM 72 £ 275 H L CTRIaD 5y
HPFEDOBEIC DN T IV EELLFARD

6. 2EM

[1] M. Kasu, et al., Japanese Journal of Applied Physics 55, 1202BB (2016).
[2] O. Ueda, et al., Japanese Journal of Applied Physics 55, 1202BD (2016).
[3] H. Yamaguchi, et al., Superlattices and Microstructures 99, 99 (2016).

7. EICHEEK - FEEF (o ABEICELET 5 Zh g TORERMZRE)

[1] M. Kasu, R. Murakami, S. Masuya, K. Harada, and H. Sumiya, Synchrotron X-ray topography of
dislocations in high-pressure high-temperature-grown single-crystal diamond with low dislocation density,
Applied Physics Express, 7 (2014)125501.

[2] S. Masuya, K. Hanada, T. Uematsu, T. Moribayashi, H. Sumiya, M. Kasu, Determination of the type of
stacking faults in single-crystal high-purity diamond with a low dislocation density of <50cm™ by synchrotron
X-ray topography, Japanese Journal of Applied Physics 55, (2016)040303

[3] S. Masuya, K. Hanada, T. Moribayashi, H. Sumiya, M. Kasu, Determination of partial dislocations of
stacking fault in (111) single crystal diamond grown on (111) seed crystal by synchrotron X-ray topography,
Journal of Crystal Growth, 468 (2017) 439.

[4]S. Masuya, K. Hanada, T. Oshima, H. Sumiya, M. Kasu, “Formation of stacking fault and dislocation
behavior during the high-temperature annealing of single crystal HPHT diamond”, Diamond and Related
Materials 75 (2017) 155.

[5]S. Sdoeung, K. Sasaki, K. Kawasaki, J. Hirabayashi, A. Kuramata, T. Oishi, and M. Kasu, “Origin of
reverse leakage current path in edge-defined film-fed growth (001) B-Ga203 Schottky barrier diodes observed
by high-sensitive emission microscopy”, Applied Physics Letters 117, 022106 (2020).

[6] S. Sdoeung, K. Sasaki, K. Kawasaki, J. Hirabayashi, A. Kuramata, and M. Kasu, “Polycrystalline
defects—origin of leakage current—in halide vapor phase epitaxial (001) B-Ga203 Schottky barrier diodes
identified via ultrahigh sensitive emission microscopy and synchrotron X-ray topography”, Applied Physics
Express 14, 036502 (2021).

[7] S. Sdoeung, K. Sasaki, S. Masuya, K. Kawasaki, J. Hirabayashi, A. Kuramata, and M. Kasu, “Stacking
faults: Origin of leakage current in halide vapor phase epitaxial (001) -Ga203 Schottky barrier diodes”, Appl.
Phys. Lett. 118, 172106 (2021)

8. F—U—F (i : B R OERFELET D HESL 2~3)
B-Ga;03, SiC, XMt hAR 777 1 —

9. WFERRABITOVT (1% ¥ 215l LR O ABIZ W TO L@ 5 Hig4 LAV &2 LT

PEV. E GRS (EF) BERETEL S Z —~OWE, E IR R A RA~O R Z AL T ZEWN
(2018 4 FEHEFRB T 2020 FJERDBAR L 220 £97).

FM & A 73RS, TR OB ORI S EIC ZRAL & 0.

O #wmX (EFMf) BROBRE (ERERH 20234 4 H)




