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Synchrotron radiation X-ray topography (SR-XRT) is a characterization technique based on the use 
of a high intensity X-ray beam having a continuous spectrum of wavelengths. By using high 
intensity synchrotron radiation, it is possible to characterize structural defects and strain fields in the 
semiconductors. In this work, the transmission topographs of GaN grown on patterned sapphire 
substrates are shown. 

C-plane sapphire substrates used in this study were patterned by using an acid mixture of 
H2SO4:H3PO4 at 300°C. Two different patterns were investigated. The first pattern contained etched 
holes on the sapphire (HS). The second pattern was an inverted version of the first pattern having 
pillars on the sapphire (PS). The GaN films studied in this work were grown in a vertical 3"x2" 
close-coupled showerhead (CCS) MOVPE reactor. Ammonia and trimethylgallium (TMGa) were 
used as precursors for nitrogen and gallium, respectively. The samples including the reference GaN 
film on conventional sapphire (CS), HS and PS were grown in the same run by using the standard 
two step growth method. A low-temperature nucleation layer was followed by 4 um-thick undoped 
GaN grown at a standard GaN growth temperature. The growth was performed in hydrogen 
atmosphere. 

The X-ray beam size was 3 x 2 mm
2 

was in the large-area transmission geometry. The 
measurements were made at beamline F1 of HASYLAB-DESY. The positron ring DORIS had a 
particle momentum of 4.445 GeV/c and a beam current of 80 to 130 mA. The topography images 
were recorded on the high-resolution films, which were digitized afterwards. The sample was set 
tilted 16

o
 from the perpendicular position relative to the X-ray beam. The high-resolution film was 

placed 60 mm behind the sample.   

Fig. 1. shows the large-area transmission topographs of  three samples grown in the same run on the 
different kind of patterned sapphire substrates. The Fig.1 a) taken from the reference sample grown 
on the standard C-plane shows an irregular cellular network having a cell size of roughly 30-40 µm in 
diameter, which is a typical value for GaN films grown on the C-plane sapphire [1]. The Fig.1.b) shows 
similar image of the GaN film grown on the HS substrate. It can be noted that the defect network has 
approximately a similar cell size but significantly more signs of strain than Fig. 1 a). The Fig. 1 c) taken 
from the sample grown on PS substrate shows lighter changes compared to reference sample than HS 
sample. The threading dislocation (TD) densities were calculated from AFM images taken from the samples 
after the selective wet etching of dislocations [2]. It was found that the TD density is reduced from the level 
of 10

9
 cm

−2
 to the level of 2-4 x 10

8
 cm

−2
 by using the HS and PS substrates. However, it was noted from the 

X-ray diffraction and X-ray topography measurements that the choice of the substrate changes the strain of 
the epitaxial structure. 



 

Figure 1: Large area transmission topograps of the GaN samples grown on the, a) conventional C-plane 
sapphire, b) HS substrate and c) PS substrate. 

 

References 

 

This work was supported by the European Community – Research Infrastructure Action under the 

FP6 “Structuring the European Research Area” Programme (through the Integrated Infrastructure 

Initiative “Integrating Activity on Synchrotron and Free Electron Laser Science”) under the 

HASYLAB project DESY-D-II-20060222 EC. 

 

References 

 

[1] A. Lankinen, et. al., Journal of Materials Science: Materials in Electronics 19, 143 (2007). 

[2] K. Shiojima, et. al., J. Vacuum Sci. & Tech. B: Microelectronics and Nanometer Structures 18, 37 

(2000). 

 


