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High-resolution x-ray diffraction on the homo-epitaxial GaN thin films
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We have investigated the dislocation density and strain in a free-standing GaN substrate
through a high-resolution x-ray diffraction technique. By observing the x-ray diffraction peak
profiles of various crystal planes, we obtained the rocking curve width as a function of
diffraction angle. The rocking curves obtained under the x-ray of 1 A showed a linear increase
with respect to the 2-theta angles. Due to the change of the rocking curve width, we could not
evaluate the dislocation density properly. We are still finding a model suitable for the
evaluation of the dislocation density with the rocking curve width.

2. ExEEH

The big obstacle in the mass production of GaN substrate is a high dislocation density during the GaN growth.
The high dislocation density in the GaN deteriorates the LED device's efficiency and affects the
high-frequency properties. Therefore, minimizing the dislocation density is a key to improve the device
performance. Among the growth methods, HVPE (hydride vapour-phase epitaxy) is a promising method for
the GaN growth with low dislocation density. In this research, we will evaluate the dislocation density through
the x-ray rocking curve method to improve the GaN substrate quality.

3. EBRNE AR EZBRFIE BT HEOBRK)

X-rays of 1A were selected by a Si (111) double crystal monochromator. The x-ray beam size was adjusted to
be about 0.2mm x 0.2mm. A free-standing GaN substrate was mounted on the goniometer with a chi-circle for
precise alignment. X-ray rocking curves of (0002), (0004), (01-14), (01-15), (02-25), (02-26), (11-24), (12-35),
and high order planes were observed with a 0.001-degree step for the purpose of the effect of dislocation.

4. EBRIERLBE

The FWHMs as a function of 26 are described in Fig. 1. The rocking curve widths were proportional to 26,
which cannot be explained by the relation between dislocation density and rocking curve width. According to a
commonly used dislocation density formulas given by Dunn and Koch are as follows:

B Aw}, B Aw?
“ 4350 DT a3
Where, pe, ps, AWe, AWs, be, bs are edge dislocation density, screw dislocation density, FWHM of a crystal plane

Pe




sensitive to the edge dislocation, FWHM of a crystal plane sensitive to the screw dislocation, Burgers vector of
edge dislocation and Burger vector of screw dislocation. Because the dislocation density and Burgers vector is
constant in the sample, the width should be a constant. However, according to our experiment, the width
tended to increase as the diffraction angle increase. Therefore, the current dislocation density evaluation model
needs to be improved.
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Figure 1. X-ray rocking curve width as a function of 26. The FWMs were increased as a function of 26.

5. 5% OBE

We need to find a better model for dislocation density evaluation with an x-ray rocking curve method. A
theoretical approach is essential to figure out this problem.
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