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Detection and Classification of Crystallographic Defects in Wide 
Bandgap Semiconductor Materials for Next-Generation Power 
Switching Devices

Crystallographic defects, especially dislocations in the wide bandgap semiconductors SiC, GaN and AlN, have been re-
vealed and classified using X-ray topography (XRT). By analyzing the geometrical features and the appearances of the 
dislocation-related contrasts in XRT images, dislocation density, dislocation types in terms of the Burgers vector and 
their distribution across the entire wafer were obtained.

GaN, SiC and AlN are good candidates for the fab-
rication of next-generation power switching devices that 
can operate at high voltage and large current, owing to 
their remarkable physical properties [1]. However, crys-
tallographic defects, especially dislocations, in these 
materials are detrimental as they strongly affect the 
device performance, lifetime and reliability [2, 3]. It is 
therefore important to reveal and classify dislocations in 
bulky substrates and epitaxial layers to develop disloca-
tion reduction strategies for crystal growth and for un-
derstanding the role that each type of dislocation plays 
in power devices.

Synchrotron X-ray topography (XRT) is a nonde-
structive technique to observe dislocations in these ma-
terials. It provides a two-dimensional intensity mapping 
of the X-rays diffracted by a crystal. Because the distor-
tion of crystal planes around a dislocation results in a 
diffraction direction different to that of the host matrix, 
dislocations can be visualized by forming contrast differ-
ent to the background of the defect-free area. A sche-
matic drawing of the experimental setup and principle 
of XRT observation is shown in Fig. 1. In this report, 
observation of dislocations in GaN [4] is described as an 
example; similar observations were carried out for SiC 
and AlN, which also have a hexagonal crystal structure 
[5, 6].

A commercial ammono-thermal GaN sample was 
observed. X-ray diffraction (XRD) measurements 
showed a radius of curvature of {0001} planes greater 
than 100 meters. This large radius of curvature is an 
indispensable characteristic for XRT observation. 
Synchrotron monochromatic-beam XRT (λ = 1.127 Å) 
was recorded from the CMP-treated Ga-face. Asym-
metric diffractions with six equivalent diffraction vectors 
g of 11–26 were applied by rotating the sample every 
60° with respect to its surface normal, in addition to a 
symmetric diffraction with g = 0008. Diffraction planes 
(visualized by VESTA [7]) are shown in Fig. 1. Nuclear 
emulsion plates were used to record XRT images. The 
topmost 10 μm of the surface of the sample makes a 
major contribution to the XRT images.

Dislocations in GaN are mainly threading disloca-
tions (TD) propagating nearly along the c-axis. They can 
be categorized into edge-type (ED, b = ma), screw-type 
(SD, b = nc), and mixed-type (MD, b = nc+ma, n, m = 1, 
2, ...), according to their Burgers vectors. Spot-shaped 
contrasts in all seven XRT images (not shown) taken 
with six equivalent g-vectors of 11–26, and g = 0008 
have been found to have a one-to-one correlation in po-
sition. According to the g·b invisibility criterion (g is the 
diffraction vector and b the Burgers vector), images tak-
en with g = 11–26 should reveal all three types of TDs, 

while the image with g = 0008 should reveal TDs whose 
b contains a c-component (SD or MD). This result indi-
cates that there are no pure EDs in this sample. Most of 
the TDs (~96%) are MDs with b = <11–20>/3+<0001>, 
the so-called c+a dislocations. Only a very small per-
centage (~1%) of TDs is pure 1c SD with b = <0001>. 
The other 3% are TDs containing c-component Burgers 
vector no smaller than 2c.

In GaN, not only the magnitude but also the direc-
tion of the Burgers vectors provides important feedback 
to the crystal growth. This information can be acquired 
from the contrast change in the XRT images. Figure 2 
shows the change in dark/bright contrast of c+a TD 
spots when g-vectors are changed among six equiva-
lent 11–26 (phi changes from 0° to 300° every 60°). Us-
ing TD1 as an example, it first appears as a dark spot 
in Fig. 2(d) and then Fig. 2(e), and appears as a bright 
spot in the other four images. TD2 shows similar results 
with 60° difference in in-plane rotation angle ϕ. Com-
paring with the XRT spot contrast for threading edge 
dislocations in 4H-SiC [8], it is clear that the changes in 
dark or bright contrast (“2 dark+4 bright”) originate from 
the direction of the a-component of b with respect to the 
applied g-vector. Thus, the direction of the a-component 
of c+a TDs in GaN can be unambiguously determined.

In this way, dislocations can be revealed over a wide 
sample area. Moreover, dislocation types can be deter-

mined by analyzing the dislocation-related contrast. Not 
only edge-, screw- and mixed-type dislocations can be 
identified, but also the direction of the a-component in 
mixed-type dislocations can be accurately determined. 
These results provide important information for improv-
ing crystal growth as well as for analyzing failures in 
power devices.

Figure 1: A schematic drawing of the experimental setup and principle of XRT observation. An example of GaN is shown using crystal planes 
of {11–26} as the diffraction plane.

Figure 2: Changes in dark/bright contrast of c+a TD spots when g-vectors are changed among six equivalent 11–26 from (a) to (f).
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