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oReport summary (English)
Principal investigator: Yusuke Mori, Professor of Osaka University
R & D title: 8 inch ultra large diameter GaN wafer for energy saving devices

1. Purpose of R & D

Although GaN-based nitride semiconductors have the best optical and electronic properties among
semiconductor materials, they have only been put to practical use as blue light-emitting devices
because the crystal growth technology has not been established. It barely exploits the excellent
potential of nitride semiconductor materials. In this research, we aim to develop large-diameter,
high-quality GaN bulk crystals and wafer fabrication technology that has been impossible to achieve
so far. By using the next-generation optical, high-frequency, and power devices fabricated on
large-diameter, high-quality GaN wafers, which are the results of this research, energy saving in
electrical equipment such as hybrid engines and air conditioners can be achieved. High efficiency
solar cells and solar cells also can be achieved according to the figure of merit expected from the
physical properties of GaN-based nitride semiconductors, and it is possible to build a low-carbon
society that minimizes carbon dioxide emissions. Summing up these effects, the Ministry of
Economy, Trade and Industry estimates that in 2030, an energy saving effect of more than 260
billion kWh and a CO, reduction effect of about 150 million tons are expected.

2. Outline of R & D
(1) Contents:

The Osaka University group produced a GaN crystal with a diameter of 4 inches or more and a
low dislocation density, and also worked on the establishment of surface treatment technology by the
catalyst-based etching (CARE) method. In addition, we investigated the relationship between
dislocation propagation morphology and current leakage. In the Hyogo Prefectural University group,
dislocations in the GaN substrate were visualized using bright-field X-ray topography using
synchrotron radiation. At the Toyota Central Research Institute group, vertical diodes were
fabricated on a Na flux GaN substrate and their current-voltage characteristics were evaluated.
Furthermore, the distribution of dislocations under the electrodes of the prototype diode was
evaluated by reflection X-ray topography.

(2) Achievements:

The Osaka University group succeeded in producing a 4-inch GaN crystal by the point seed method.
As a result of evaluating the dislocation density by multiphoton photoluminescence, it was found
that the dislocation density was 10° to 105 cm™, which was higher than that of a commercially
available GaN substrate. Toyoda Gosei Co., Ltd., which transferred this technology, also succeeded
in obtaining an 8-inch GaN wafer. We also succeeded in observing dislocations in the GaN substrate
using multi-wave diffraction bright-field X-ray topography. Since the GaN substrate has a high
electron density, it has a low X-ray transmittance, and it has been difficult to visualize dislocations in
crystals so far. This time, we reduced the substrate thickness to 100 um, succeeded in visualizing
dislocations, and made it possible to evaluate defects in a wide area. It was confirmed that the
reverse leakage current was about 100 pA (47 nA/cm?) when 1000V was applied in the PN diode
prototyped on the Na-flux method GaN substrate (diameter: 520 um), which was lower than the PN
diode on the commercially available GaN substrate. Furthermore, we succeeded in evaluating the
dislocation distribution under the electrodes of the prototype PND by the reflected X-ray topography,
and found that even a PN diode with a low leakage current contained 10 to 20 dislocations. From
this, it was suggested that dislocations are not always a factor that causes a leak current.

(3) Future developments:

We try to produce a GaN ingot using the GaN crystal obtained in this project as a seed crystal, and a
technology that enables stable and large-volume supply of GaN wafers will be developed. Clarify
the defects which cause degradations in vertical GaN diodes.



