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A7 CEE | Study on Growth of Semi-polar GaN by HVPE

K A HASHIMOTO Yasuhiro

GaN and related Group IlI-nitride semiconductors have attracted significant attention of scientists and
engineers for optoelectronic devices. Above all, GaN based light emitting diodes (LEDs) are widely used, for
example, flash light, back light in mobile phone, room illumination, traffic light, head light in automobile, and
so on. The LEDs were significantly changed our life. Pioneer in GaN based LEDs, Professor Akasaki,
Professor Amano and Professor Nakamura won the Noble prize for physics at 2014. Recently, these LEDs are
making the shift to large scale products and more high value-added products. Commercially available LEDs
are generally fabricated on foreign substrates. On the other hand, high-power devices are fabricated on
freestanding GaN substrates with low-dislocation density. These devices are grown on the polar c-plane of the
crystals. However, polarization-induced strong internal electric fields in c-plane InGaN/GaN multiple quantum
wells reduces device performance. Due to the dislocations by lattice mismatch were also reduced device
performance. Many laboratories and institutes are focused on the research and development of semipolar and
nonpolar GaN substrates for improving device performance. We focused semipolar {20-21} GaN and
semipolar {20-2-1} GaN, because of these planes have been found to be especially advantageous.

Generally, freestanding semipolar GaN substrates were obtained by slicing thick c-plane bulk GaN crystal.
Very rarely, large GaN wafer was obtained by growing on the small semipolar pieces array. In both cases,
freestanding semipolar GaN substrates will be highly expensive.

In this study, we investigated growth of semipolar {20-21} GaN with goal is realizing a large-area (nearly 2
inch diameter), low dislocation density (< 1.0 x 107 cm™) and no stacking faults.

Firstly, to obtain large template with no stacking faults, we investigated growth of the 2 inch diameter
{20-21} GaN template on the {22-43} patterned sapphire substrate (PSS) using metal-organic vapor-phase
epitaxy (MOVPE). We confirmed that the basal stacking faults (BSFs) were generated in the growth region
toward the -c-direction. It was reported that, Growing the GaN layer at lower temperature was effective in
enhancing the growth rate in the +c-direction. Therefore, we investigated two-step growth for reducing BSFs.
The growth temperature of the first-step for initial crystal nucleus was 1000 °C, and the growth temperature of

the second-step for proceeding to the +c-direction was 900 °C. As a result of this method, we have succeeded
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in suppressing the generation of BSFs.

Secondly, to obtain large bulk GaN with low dislocation density, we investigated growth of the thick {20-21}
GaN on the {20-21} template using hydride vapor-phase epitaxy (HVPE). We confirmed that the generation of
huge hillocks, many cracks and very rough surface on the thick {20-21} GaN. The cracks were propagated
across the hillocks. Dislocation density was approximately 1.0 x 10* cm™. Here, we investigated about
controlling the facet growth and buffering the stress at the interface for suppressing crack generation and
reducing dislocation. We deposited a 200 nm SiO,-striped mask perpendicular to the g-axis on the {20-21}
GaN template. As a result of this method, we have succeeded to obtain specular surface composed by
micro-facet structure. Amazingly, it had no hillocks and few cracks. Because the origins of hillocks were
covered or embedded during the epitaxial lateral overgrowth via HVPE, the hillocks were eliminated.
However, many new BSFs were generated in the sample. We speculated that BSFs were caused by wafer
bowing, material of mask and growth mode.

Thirdly, to obtain large {20-21} GaN freestanding substrates, we investigated process conditions. As a result,
we succeeded to obtain a nearly 2 inch diameter {20-21} GaN freestanding substrate.

Finally, to improve dislocation density and to compare {20-21} with {20-2-1}, we investigated HVPE-
growth of thick GaN on the {20-21} and {20-2-1} freestanding GaN substrates. The {20-2-1} freestanding
GaN substrates were fabricated by back side polishing of {20-21} freestanding GaN substrates. As a result,
growth on the {20-2-1} freestanding GaN substrates were found to be more effective in reducing dislocation
compare to grow on the {20-21} freestanding GaN substrates. We achieved that the dislocation density was 9.6
x 10° cm™ in {20-2-1} GaN layer. However, growth on the {20-21} and {20-2-1} freestanding GaN substrates
were not effective in reducing BSFs.

In conclusion, we fabricated the semipolar GaN layer with large area and low dislocation density. However, it
was difficult to reduce the BSFs in this study. We supposed that it need to employ other techniques, such as
internally focused laser processing and epitaxial lateral overgrowth for reducing BSFs. When, these techniques
will be fused with our techniques, we expected that it will be able to easily obtain the large semipolar
freestanding GaN substrates and accelerate the development for shifting to large scale products and more high

value-added products.
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