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Abstract B-Gallium oxide (Ga,0,), an ultra-wide bandgap semiconductor, has attracted great attention due to its promising
applications for high voltage power devices. The most stable phase among five different polytypes, B-Ga,O; has the wider
bandgap of 4.9 eV and higher breakdown electric field of 8 MV/cm. Furthermore, it can be grown from melt source, implying
higher growth rate and lower fabrication cost than other wide bandgap semiconductors such as SiC, GaN and diamond for
the power device applications. In this study, -Ga,0; bulk crystals were grown by the edge-defined film-fed growth (EFG)
process. The growth direction and the principal surface were set to be the [010] direction and the (100) plane of the B-
Ga,0; crystal, respectively. The spectra measured by Raman analysis could exhibit the crystal phase and impurity doping in
the B-Ga,O; ingot, and the crystallinity quality and crystal direction were analyzed using high-resolution X-ray diffraction
(HRXRD). The crystal quality and various properties of as-grown [-Ga,O; ribbon was systematically analyzed in order to
investigate the spatial variation in entire crystal grown by EFG method.
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The effects of Mg impurities on 3-Ga,Oj; thin films grown by MOCVD
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Element powder-Q Element posie

pp (ppmw)
Gallium(Ga) matrix| Niobium(Nb) < 0.1409
Oxygen(O) matrix] Molybdenum(Mo) < 0.5838
Lithium(Li) < 0.1524] Ruthenium(R < 0.4465
Berylium(Be) < 0.1409 Rhodium(Rh) < 0.1409
Boron(B) < 0.1759 Palladium(Pd) < 05154
Fluorine(F) < 0.1409]  Cadmi d) < 0.4903
Sodium(Na) < 0.1409| Indium(in) binder
Magnesium(Mg) < 0.1783 Tin(Sn) < 0.5816
Aluminium(Al) 30.73 Antimony(Sb) < 0.2462
Silicon(Si) 6.35 Tellurium(Te) < 04134
Phosphorus(P) < 0.1409 lodine(l) < 0.1409
Sulphur(S) < 0.1483 Caesium(Cs) < 0.1409
Chlorine(Cl) < 0.1859 Barium(Ba) < 0.1965|
Potassium(K) < 0.1511]  Lanthanum(La) < 0.1410
Calcium(Ca) < 6.7531| Praesodynium(Pr) < 0.1409
Scandium(Sc) < 0.1409] Neodynium(Nd) < 0.5919|
Titanium(Ti) < 0.1911]  Samarium(Sm) < 0.5266
Vanadium(V) < 0.1412 Europium(Eu) < 0.2699
Chromium(Cr) < 0.1681| Gadolinium(Gd) < 0.5671
Manganese(Mn) < 0.1409 Terbium(Tb) < 0.1409
Iron(Fe) 11.64 Dysprosium(Dy) < 04999
Cobalt(Co) < 0.1409| Holmium(Ho) < 0.1409|
Nickel(Ni) < 0.2069| Erbium(Er) < 04191
Copper(Cu) < 0.2037|  Ytterbium(Yb) < 0.6453
Zinc(Zn) < 0.2918 Lutetium(Lu) < 0.1446
Germanium(Ge) < 0.3836 Hafnium(Hf) < 0.4016
Arsenic(As) < 0.1409 Tungsten(W) < 0.4598
Selinium(Se) < 0.5926 Rhenium(Re) < 0.2250|
Bromine(Br) < 02779 Osmium(Os) < 0.3454
Rubidium(Rb) < 0.1952 Iridium(Ir) < 0.2247
Strontium(Sr) < 0.1706 Platinum(Pt) < 04164
Yttrium(Y) < 0.1409| Mercury(Hg) < 0.4718|
Zirconium(Zr) < 02738 Thallium(T) < 0.1999
Lead(Pb) < 0.2688|

(b)

Fig. 1. Compositional analysis of starting powder for Ga,O; crystal; (a) An image taken with an SEM at 40,000 magnification, (b)
An image that analyzed the composition of the powder using GDMS.
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Fig. 2. B-Ga,0; crystal ingots by grown EFG method.
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Fig. 3. Theta-2theta scan of B-Ga,O, ingot; (a) Left upper part of as-grown B-Ga,O; ingot, (b) Right upper part of as-grown [3-

Ga,0; ingot.
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Fig. 4. Rocking curve of 3-Ga,0O; ingot; (a) Left upper part of body region, (b) Right upper part of body region, (c) Right part of
ingot’s shoulder region.
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The effects of Mg impurities on 3-Ga,Oj; thin films grown by MOCVD
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Fig. 6. Impurities concentration in Ga,0O; crystal by SIMS analysis (KBSI at Busan center); (a) Right part of ingot’s shoulder region,

(b) Left bottom part of body region, (c) Right bottom part of body region, (d) Middle bottom part of body region.
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Table 1
Concentration values for each element in SIMS analysis

Concentration (atoms/cm’) [Average @ 700 nm~900 nm Depth]

Sample -

Al Si Fe Sn Ir
A) Right part of ingot’s shoulder region 2.24el7 2.82el8 4.02el7 4.24e15 <1.00e16
B) Left bottom part of body region 2.18e17 2.95e18 3.80e17 1.79e15 <1.00e16
C) Right bottom part of body region 1.97e17 3.53e18 5.13e17 1.61el5 3.32e16
D) Middle bottom part of body region 221el7 2.20e18 1.74e17 2.16el5 <1.00e16
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