Characterization of Extended Defect Evolution in 1.2-12 μm Thick Homoepitaxial β-Ga2O3 Grown by Close-injection Showerhead Metal-organic Chemical Vapor Deposition
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Supplementary data
Figure S1. Resistance vs input power for the 4 samples measured via SSTR-F.
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Figure S2. EPR at 300K for the 12 (m-thick Si-doped Ga2O3 epilayer sample with the magnetic field (B) oriented parallel and perpendicular to the <010> axis.
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Figure S3. Spatial maps of intensities of Ag(3) and Ag(10) modes for four different incident light polarization angles. Intensity range maximized for each map.
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Spatial maps of intensities of A (3) and A,(10) for four different incident light polarization angles. Intensity range maximized for each map.




Figure S4. Raman of flat region on 12 (m homo-epitaxial growth of (010) (-Ga2O3.  (a) Nomarski image showing spot ( where Raman spectra were acquired. (b) Angle-averaged Z(yy)z Raman spectrum measured at this spot. (c) Raman polarization curves (integrated intensities) for the Raman lines shown in (b) plotted using same color code. (d) Raman polarization curves normalized to the same intensity to show detailed shapes.  Raman consistent with (010) (-Ga2O3 with [001] direction aligned along surface striations and surface ridges.
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Figure S5. Raman of surface ridge on 12 (m homo-epitaxial growth of (010) (-Ga2O3.  (a) Nomarski image showing spot on surface ridge ( where Raman spectra were acquired. (b) Angle-averaged Z(yy)z Raman spectrum measured at this spot. (c) Raman polarization curves (integrated intensities) for the Raman lines shown in (b) plotted using same color code. (d) Raman polarization curves normalized to the same intensity to show detailed shapes.  Raman consistent with spectra measured in adjacent flat epi regions.
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Figure S6. Raman of a flake growing on one side of a parallelogram-shaped feature surrounding a pit on 12 (m homo-epitaxial growth of (010) (-Ga2O3; an AFM image of this defect is shown in Figure S7  (a) Nomarski image showing spot on the flake ( where Raman spectra were acquired. (b) Angle-averaged Z(yy)z Raman spectrum measured at this spot. (c) Raman polarization curves; integrated intensities of the Raman lines shown in (b) plotted vs polarization angle relative to [100]; same color code and with 0( corresponding to [100]. (d) Raman polarization curves normalized to the same intensity to show detailed shapes. The appearance of the Bg(2) line in (b) and the distorted polarization curves in (c) and (d) are due to the non-flat nature of the flake which causes a slightly off [010] direction to be probed.  The relative intensities of the polarization angle averaged Raman spectrum still matches (010) (-Ga2O3 quite well.
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Figure S7. AFM of 26 (m ( 26 (m region of a 12 (m epi growth of (010) (-Ga2O3. Representative defect with large flake growing off upper-left of pit that is mostly surrounded by parallelogram feature. Inset: Nomarski microscope image of the defect and several surrounding hillocks. Hillocks and striations on flat surface are along the [001] direction.
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Figure S8. Nomarski microscope images of (a) 1.2 μm, (b) 3.6 μm, (c) 6 μm and (d) 12 μm thick Ga2O3 epilayers. 
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Figure S9. Representative (-623) grazing exit reciprocal space maps (GE-RSM) from the a) 6 μm and b) 12 μm thick β-Ga2O3 homoepitaxial layers grown on CZ (010) Ga2O3 substrates. The 1.2 and 3.6 (m RSMs are very similar to the RSM for the 6 (m layer.  In these cases, the peak is sharp without extensive diffuse scattering.  The vertical streak is the truncation rod; the smaller streak from lower left to upper right is an artifact associated with the scattered beam optics. The RSM for the 12 (m thick sample shows broadening and diffuse scatter around the central portion of the reciprocal space map, as is reflected in the rocking curve width.  The intensities are plotted on log scales and cover a range of five orders of magnitude.  The dashed lines trace the rocking curve intensities for the (-623) reciprocal lattice points with Cu K(1 radiation.
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Figure S10. Transmission electron microscope image from the high-defect density area shown in Fig. 4 in the main text. 
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Figure S11.  Orientation map from a precession TEM measurement showing the out-of-plane orientation distribution.

[image: image11]
Figure S12. Transmission electron microscope image of the epi-substrate interface for the high defect density area of the sample (see Fig. 4). 
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