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Abstract

Threading dislocations (TDs) in GaN epitaxial layers negatively impact the performance of semiconductor devices, with different TD types
(edge, screw, mixed) having varying effects. While conventional cathodoluminescence (CL) imaging can reveal TD density, it struggles to
distinguish between TD types. This study introduces a non-destructive method that uses CL hyperspectral imaging to differentiate TDs,
particularly screw TDs. This approach expands dislocation analysis, supporting the optimization of GaN-based devices.

Threading dislocations (TDs) are extended defects that form during
the growth of epitaxial layers, such as the ones that serve as the
basis for the fabrication of GaN HEMT devices. These defects run
roughly parallel to the growth direction and are suspected to
negatively impact the yield, performance, and lifetime of final
devices.

Depending on their Burgers vector (Bv) (B), TDs can be further
categorized into edge (b= nd), screw (b= mc), and mixed
((b= nd + mc)) types, where a and c are the GaN lattice vectors.
It is well accepted that the negative effects of TDs on devices are
strongly dependent on their Burgers vector [1]. In particular, pure
screw TDs are suspected to act as current leakage paths.

Due to an increased non-radiative recombination (NRR) rate near
their core, TDs appear as dark spots in cathodoluminescence (CL)
intensity images (Figure 1).

Figure 1: 18 um CL image of a GaN epitaxial layer acquired
with a photomultiplier tube (PMT) detector.
The image resolution is 1024 x1024 pixels.

Such images are commonly used to measure TD density. An
accurate result can be obtained for TD densities exceeding 109 cm-
2. Although the darkness level of the spots may in some cases

provide information on the TD type [1, 2, 3], it is not sufficient to
differentiate pure screw TDs from other types.

TDs also induce astrain field around them, which varies with the TD
type. Strain fields have an influence on the CL signal. Careful
analysis of CL spectral and intensity variations around TDs allows
to determine theirtype. In Figure2aand b, 1cis a single screw TD.
lais asingle edge or mixed TD. Pa and Pb are two types of TD pairs.
Variations in CL intensity and peak center energy around TDs are
also visible in the cross-sections shown in Figure 2c and d.

In conclusion, by combining CL intensity and peak center energy
images, pure screw TDs can be differentiated from other typesin a

single, non-destructive step.
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Figure 2: CL a) Intensity and b) Peak center energy maps of a GaN
sample. ¢) and d) Cross sections through selected dislocations.
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