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Report: 

Introduction 

Novel epitaxial structures of gallium nitride (GaN) are grown on top of GaN/AlN/Si/SiO2 nano-pillars for 

optoelectronic applications such as microLEDs.  

The nano-pillars are intended to allow the independent GaN 

nanostructures to coalesce into a highly-oriented film thanks 

to the SiO2 section becoming soft at GaN growth temperature. 

The nano-pillars as well as a fully coalesced GaN platelets are 

presented in figure 1 (a) and (b). 

The GaN coalescence process and the GaN layer quality 

were studied using Dark-field X-ray microscopy (DFXM) 

in order to understand optimize this growth approach for 

different patterns of pillars. 

 

Experiments performed 

To understand the process of coalescence in a 2D array of crystallites, we start by studying the coalescence 

along lines (i.e. a 1D array) of 10 pillars with a pitch of 0.5µm shown in 

figure 3(a). Then, two 40 × 40 µm2 GaN platelets were anaylzed, each with 

a different pitch value (distance pillar-pillar).  

A strain (ω-2θ) and mosaicity (ω- Φ) map were performed with the ω 

incidence angle, 2θ the angle between the detector and the incidence ray and 

Φ the angle around the normal axis. A photograph of the experimental setup 

is shown in figure 2. The spatial resolution was 100 nm and the beam energy 

16 keV.  We measured the GaN (101) Bragg reflection to study the GaN 

structures using a diffraction angle θ=9.16°. 

For the (ω- Φ) scan we typically performed 40 rocking curves with a step 

ΔΦ of 0.08° and Δω of 0.02°. 

For the (ω- 2θ) scan, we performed 35 rocking curves with a step Δ2θ of 

0.004° and Δω of 0.06°. 

 

 

(a)                                     (b) 

Figure 1: Scanning Electron Microscope images of 

(a) nano-pillars before coalescence, (b) single fully 

coalesced 40 × 40 µm2 GaN platelet. 

Figure 2: photo of the instrument at 

the ID06 beamline at the ESRF (red 

arrow is pointing at the studied 

sample). 



 

Results and discussion 

Figure 3(b) shows the center of mass (COM) map for the incidence angle ω obtained for the five lines 

obtained from a set of ω-Φ scans and extracted using the darfix library [1]. 

 
 

 

The results show significant differences between the lines. For lines 1, 2 and 4, we have homogeneous lines 

with a very small ω variation along the line itself (<0,1°) and values of the standard deviation in the order of 

0.04°, implying that the GaN crystallites are very well oriented and that few, if any, coalescence boundary 

dislocations are required to accommodate any mis-orientation which is  a significant improvement. In contrast, 

lines 3 and 5 have strong ω variations (>0,1°) along their length, implying the generation of dislocations at 

the interfaces between pillars.  

Next, two GaN platelets were analyzed: structure 1 (figure 4(a)) with a pitch of 0.5 µm and structure 2 (figure 

4(b)) with a pitch of 1µm. Figures 4(a) and (b) show the COM of the two structures for ω using the GaN (101) 

reflection from ω-Φ scans. 

 

 
From structure 1, we can see three separate areas. Clusters 1 and 3 in structure 1 are very well oriented areas,  

with standard deviations  of 0.04° and 0.07° respectively. These values are similar to those found in the 

homogenous lines discussed above. Cluster 4, 5 and 6 have standard deviation values of 0.07°, 0.08° and 0.11° 

respectively. 

Although not uniform across the platelets, these results are extremely promising since we are able to achieve 

high quality GaN across areas greater than 10 × 10 µm2 (Structure 1, cluster 1) with our growth approach. A 

paper discussing these results has been submitted for publication in the 

journal of applied crystallography. 

 

The COM map of 2θ was extracted from a set of ω-2θ scans and a post 

treatment analysis allowed us to obtain the relative strain along the 

GaN (101) in the 40 × 40 µm2 GaN platelet a shown in figure 5. We 

can clearly see that GaN platelets presents small values of strain with a 

maximum value around 2%. Further analysis for other GaN structures 

and lines will provide us with necessary information in order to 

understand the growth process. 
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[1] J. Garriga Ferrer et al., “darfix: Data analysis for dark-field X-ray microscopy,” arXiv e-prints, p. arXiv-

2205, 2022. 

Figure 4: (a) Centre of mass map for ω of GaN structure 1 with pitch=0.5µm. (b) Centre of mass map 

for ω of GaN structure 2 with pitch=1µm. 

Figure 3: (a) SEM image of five fully coalesced GaN lines, (b) Centre of Mass map for ω of the 5 lines 

Figure 5: Relative strain in GaN 

along (101).  


