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Abstract The B-Ga,O, has the most thermodynamically stable phase, a wide band gap of 4.8~4.9 ¢V and a high dielectric
breakdown voltage of 8MV/cm. Due to such excellent electrical characteristics, this material as a power device material has
been attracted much attention. Furthermore, the -Ga,O; has easy liquid phase growth method unlike materials such as SiC
and GaN. However, since the grown pure (-Ga,O; single crystal requires the intentionally controlled doping due to a low
conductivity to be applied to a power device, the research on doping in B-Ga,0O; single crystal is definitely important. In
this study, various source powders of un-doped, Sn 0.05 mol%, Sn 0.1 mol%, Sn 1.5 mol%, Sn 2 mol%, Sn 3 mol%-doped
Ga,0; were prepared by adding different mole ratios of SnO, powder to Ga,O; powder, and B-Ga,0, single crystals were
grown by using an edge-defined Film-fed Growth (EFG) method. The crystal direction, crystal quality, optical, and electrical
properties of the grown B-Ga,0O, single crystal were analyzed according to the Sn dopant content, and the property variation of
B-Ga,0, single crystal according to the Sn doping were extensively investigated.
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®

Fig. 1. Photographs of 3-Ga,0, single crystal ribbons grown with Sn doping concentration; (a) Un-doped, (b) Sn 0.05 mol%, (c) Sn
0.1 mol%, (d) Sn 1.5 mol%, (e) Sn 2 mol%, (f) Sn 3 mol%.
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Fig. 2. Theta-2Theta scan of $-Ga,O; single crystal ribbons with different Sn concentration, (a) Un-doped, (b) Sn_0.1 mol% (c)
Sn_2 mol%.
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Fig. 3. Rocking Curve of -Ga,O; single crystal ribbons with different Sn concentration, (a) Un-doped, (b) Sn_0.1 mol% (c)
Sn_2 mol%.
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Fig. 4. UV/VIS/NIR transmission characteristics of -Ga,0,
single crystal ribbons with different Sn concentration.
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Fig. 5. Band gap energy of $-Ga,O; single crystal ribbons with
different Sn concentration.
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Concentration for some elements of 3-Ga,Oj; single crystal ribbons grown with different Sn concentration by SIMS analysis

Concentration (atom/cm’) [Average 200~500 nm Depth]

Sample -
Sn Si Fe

Un-doped 2.57E16 1.06E18 1.07E18
Sn 0.05 mol% 9.95E17 1.96E18 2.87E18
Sn 0.1 mol% 7.06E17 8.35E17 2.87E17
Sn 1.5 mol% 2.95E18 1.58E18 1.29E18
Sn 2 mol% 1.17E19 547E17 1.17E17
Commercial Sn-doped wafer 2.05E18 5.26E17 7.16E16
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Fig. 6. Sn doping and impurities concentration in Un/Sn-doped B-Ga,

O; crystal ribbons by SIMS analysis; (a) Un-doped, (b)

Sn_0.05 mol%, (c) Sn_0.1 mol%, (d) Sn_1.5 mol%, (e) Sn_2 mol%, (f) Commercial Sn-doped -Ga,O; (001) wafer.

Table 2
Electrical properties from Hall-Effect measurement of -Ga,O; single crystal ribbons grown with different Sn concentration
. Carrier density Resistivity Mobility
Sample Carrier type n[em™] o [Q-cm] W [em?/Vs]
Un-doped N 1.44 % 10" 2.88 150.5
Sn 0.05 mol% N 157 x 10" 0.027 116.7
Sn 0.1 mol% N 1.84 x 10" 0.021 101.1
Sn 1.5 mol% N 8.10 x 10" 0.011 733
Sn 2 mol% N 1.49 x 10" 0.0086 49.7
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