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１．概要（注：結論を含めて下さい）  

 

We have performed x-ray diffraction topography imaging on the various fr ee-standing GaN 

homo-epitaxial layers. X-rays of 1.284Å were selected by a double crystal monochromator. 

The x-ray beam size was adjusted to be the maximum for the large area illumina tion. In the 

case of m-plane GaN wafers, stripe patterns along the [0001]  direction were observed. In order 

to understand the origin of the stripe pattern, rocking curve imaging at (10-10), (12-30) and 

(22-41) planes were measured. For c-plane GaN, various crystal planes – (0002), (0004), 

(01-14), (01-15), (02-25), (02-26), (11-24), (12-35) – were selected by calculating diffraction 

angles and inter-planar angles.  Dislocation types were confirmed by comparing various 

images. 

 

 

２．背景と目的  

 

A GaN one of the prominent materials for LED (light-emitting diode), high-power device, and high-frequency 

devices has attracted its great attention. However, it was a big challenge to fabricate large-area GaN thin film 

of high crystallinity. Especially high dislocation density was a big obstacle. In order to minimize the 

dislocation density, many fabrication methods were proposed for the crystal quality improvement, such as 

HVPE (hydride vapor phase epitaxy). Although the crystal quality has been improved much, the crystal quality 

of large-area is not so high and homogeneous enough to mass production. Therefore, it is imperative to 

evaluate the whole GaN wafer qualitatively and statistically. 

 

 

３．実験内容（試料、実験方法、解析方法の説明）  

 

The x-ray diffraction topography experiment was performed at BL15, SAGA, Japan. X-rays of 1.284Å were 

selected by Si (111) double crystal monochromator (DCM). The x-ray bean size was adjusted to be about 5 cm 

 1 cm. GaN wafers were placed in the rotation center of a goniometer. A flat panel detector of a pixel size of 

50  50 μm2 were placed at various Bragg angles. The diffraction images were automatically recorded with a 

0.001º step of the sample rotation angle. The schematic view of the experimental condition is sketched in 

Figure 1. The obtained images were stacked along the θ (sample rotation angle) direction and merged. 
Maximum intensity, peak position, and FWHM (full width at half maximum) of each detector pixel were 

calculated for the evaluation of the crystallinity. Similar measurements were performed on various Miller 

indices such as (0002), (0004), (01-14), (01-15), (02-25), (02-26), (11-24), and (12-35) for understanding of 

dislocation feature. 
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Figure 1. Schematic view of the experimental configuration. X-rays of 1.284Å were selected by Si (111) 

double crystal monochromator. GaN wafers were put in the rotation center. A flat panel detector was placed 

at Bragg angles, and diffraction images were recorded at various incident angles. 

 

 

４．実験結果と考察  

 

The merged x-ray diffraction topography images on c-plane GaN are illustrated in Figure 2. Maximum 

intensity, peak position variation, and FWHM map shows texture structure in the GaN homo-epitaxial layer. In 

the case of a (10-15) plane, the top and bottom of the image were deformed by x-ray beam size limitation. The 

change in images by g-vector indicates that the dislocation is dependent on the kinds of dislocation. We are 

analyzing the relation between g-vector and dislocation. 

 

 
Figure 2. Merged x-ray diffraction topography images of c-plane GaN under different g-vector. The 

maximum intensity, peak position, and FWHM of each pixel are strongly dependent on the g-vector. The 

unit in peak position image is degree. 

 

 

５．今後の課題  

 

It is necessary to analyze the topography image qualitatively and statistically for the GaN wafer quality 



evaluation, such as dislocation density mapping.  
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