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We report an anisotropic formation of defects in cubic 
GaN grown on nano-patterned 3C-SiC/Si (001) by mo-
lecular beam epitaxy. Nano-patterning of 3C-SiC/Si 
(001) is achieved by nanosphere lithography and a reac-
tive ion etching process. Atomic force microscopy and 
scanning electron microscopy show that the selective-
area-grown cubic GaN nucleates in two structurally dif-
ferent domains, which most probably originate from the 

substrate. In adjacent domains the formation of defects, 
especially hexagonal inclusions, is different and leads to 
two different surface morphologies. The dominant phase 
within these domains was measured by electron backscat-
ter diffraction. Optical properties were investigated by 
micro-photoluminescence and cathodoluminescence 
spectroscopy. 
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1 Introduction GaN is the material enabling a variety 
of highly efficient optoelectronic, high-frequency and 
high-power devices [1-3]. In its thermodynamically stable 
wurtzite phase, spontaneous and piezoelectric polarization 
along the c-axis can lead to performance degrading effects, 
like the quantum confined Stark effect decreasing the 
quantum efficiency of GaN based LEDs. 

In contrast to hexagonal GaN, cubic GaN is free of 
spontaneous polarization due to its non-polar nature. De-
spite recent success in the improvement of structural qual-
ity, defect densities are still large and cause leakage cur-
rents in devices based on cubic GaN [4]. A fundamental 
defect formation mechanism in the growth of cubic GaN is 
the change of the stacking sequence of {111} planes.  

Recently it has been shown that one way to reduce the 
defect density in thin cubic GaN layers is to use nano-
patterned 3C-SiC/Si (001) substrates [5]. These films ex-
hibit a preferential orientation of stacking fault (SF) type 
defects on the (-11-1) plane, the origin of which is not 
clear yet. In order to study the defect formation in molecu-
lar beam epitaxy (MBE) grown cubic GaN, in the present 
paper the layer thickness is increased above typical values 
at which high-quality cubic GaN would be achieved in or-

der to enhance the probability for stacking fault and hex-
agonal phase formation. This makes it easier to investigate 
the anisotropy in defect formation. The results presented 
here allow for the discussion of the effect of substrate pat-
terning on extended defect formation in MBE grown cubic 
GaN, potentially enabling a more efficient defect reduction 
via optimized nano-epitaxy. 

2 Experimental Cubic GaN was grown by plasma-
assisted MBE on nano-patterned 3C-SiC/Si (001). The 
used substrates consist of 12 µm thick 3C-SiC (001) films 
on top of 500 µm Si [6]. Substrate patterning was achieved 
by nanosphere lithography as described in [7]. This method 
- in combination with an additional reactive ion etching 
process - allows the creation of cylindrical holes in 3C-SiC, 
which are arranged in a hexagonally closed packed array 
[5]. Holes have a diameter of ~500 nm with a smallest dis-
tance between them of 70-90 nm and a depth of 400 nm. 

On this nano-patterned 3C-SiC/Si (001) substrate a 1.4 
µm-thick cubic GaN (001) film was grown by MBE. The 
growth process was performed under 1 ML Ga coverage of 
the surface [8] and at a growth temperature of 750 °C. Re-
flection high energy electron diffraction was used for in-
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situ monitoring of the sample surface. For comparison a 
reference sample with a planar cubic GaN layer was grown 
on an unstructured substrate. The large layer thickness was 
chosen to achieve a pronounced lateral growth and to en-
courage the formation of facets. It should be noted that in 
comparison to other growth processes like MOVPE, the 
lateral growth rate in MBE is small. After growth, the sur-
face morphology, the structural and the optical properties 
of the selective-area-grown cubic GaN were investigated 
by scanning electron microscopy (SEM), atomic force mi-
croscopy (AFM), high-resolution X-ray diffraction 
(HRXRD), electron backscatter diffraction (EBSD), mi-
crophotoluminescence (µ-PL) and cathodoluminescence 
(CL), respectively. 

3 Results and discussion 
3.1 Scanning electron and atomic force mi-

croscopy Figure 1(a) shows a top view SEM image of 
the surface of cubic GaN layer grown on nano-patterned 
3C-SiC/Si(001). Even though the film thickness is as large 
as 1.4 µm the GaN film is still discontinuous and exhibits a 
close packed array of residual holes. Different domains 
showing different secondary electron yield can be clearly 
distinguished. These domains have an arbitrary shape with 
lateral dimensions varying from a few microns up to about 
100 µm. In addition different surface morphologies are ob-
served in the two domains in the detail SEM image of 
Fig. 1(b). Furthermore a close inspection of domain 1 re-
veals that irregularities in the periodic nanopattern on the 
substrate do not influence the domain structure or surface 
morphology of GaN. This is an indication that the different 
morphologies originate from the substrate. The reason for 
these different GaN growth types is assumed to be either 
differently oriented SiC grains in the substrate or differ-
ently terminated surface steps on the SiC, leading to differ-
ent polarities of GaN and different growth behaviour.  

Figure 2 shows an AFM image of two adjacent do-
mains on the surface of GaN grown on the prepatterned 
substrate. In domain 1 GaN grows with atomically smooth 
facets, indicating that in this region the Frank-Van-der-
Merwe growth mechanism dominates. Due to the lateral 
growth the shape of the nanostructures changes from circu-
lar holes before GaN growth into triangle-shaped ones af-
terwards.  The diameter of the holes is reduced from 500 
nm before GaN growth to 100-200 nm after growth. In 
contrast to the layer-by-layer growth mechanism in domain 
1, cubic GaN seems to grow in form of islands in domain 2 
(Fig. 2). The shape of the holes after GaN growth has 
changed into squares with diameters from 200 to 350 nm. 
Also the lateral growth exhibits anisotropic behavior in the 
different domains. 

 
3.2 High-resolution X-ray diffraction The struc-

tural quality, averaged over all domains of the patterned 
cubic GaN film, is investigated by HRXRD measurements. 
Figure 3 shows a symmetrical reciprocal space map around 
the (002) reflection of GaN. The FWHM of the rocking 

curve of the selective-area-grown cubic GaN is about 25 
arcmin. An amount of 78% hexagonal inclusions in the se-
lective-area-grown cubic GaN is estimated from the height 
of cubic GaN (002) and hexagonal (-1011) spots. The 
amount of hexagonal inclusions is very high as  
 
 
 
 
 
 
 
 
Figure 1 (a) Top view SEM image of the surface of 1.4 µm 
thick cubic GaN layer grown on nano-patterned 3C-SiC/Si (001). 
(b) Enlarged section of (a) showing the different size and orienta-
tion of residual holes in the two domains (1 and 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 AFM image of the surface of the selective-area-grown 
cubic GaN with two adjacent domains. Zoom-in sections on the 
right show a step-flow-like flat surface in domain 1 and a more 
three-dimensional surface morphology in domain 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 A symmetrical reciprocal space map around the (002) 
reflection of the selective-area-grown GaN. 
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Figure 4 (a) Top view SEM image of the EBSD-measurement 
area on the surface of the selective-area-grown cubic GaN sample, 
which is tilted to about 70° in the measurement setup, (b) diffrac-
tion pattern of the cubic phase and (c) hexagonal phase of GaN 
together with indexed Kikuchi lines. (d) Phase map showing re-
gions of predominantly cubic (red) and hexagonal (green) GaN. 

 
compared to the cubic GaN reference layer (17% hexago-
nal inclusions and 21 arcmin FWHM of the (002) rocking 
curve, not shown). However, the quality of the cubic phase 
of the selective-area-grown GaN and the reference layer 
are identical. Former studies have shown that thin cubic 
GaN layers (400 nm) grown on pre-patterned 3C-SiC/Si 
(001) have a negligible amount of hexagonal inclusions [5]. 
It seems that substrate patterning enhances the formation 
of hexagonal inclusions, which become clearly noticeable 
in thick layers. This could be due to {111} facets at the 
nanostructure sidewalls where the growth of the stable 
hexagonal phase is supported. 
 

3.3 Electron backscatter diffraction EBSD 
measurements were used for phase identification of the se-

lective-area-grown GaN domains. For this method the pri-
mary electron beam (20 kV) of a tungsten cathode of a 
XL40 ESEM is inelastically and elastically scattered by the 
crystal planes of the sample. This yields Kikuchi diffrac-
tion patterns, in which each pair of Kikuchi lines repre-
sents a crystal plane [9]. Figure 4(a) shows a top view 
SEM image of the EBSD-measurement area on the surface 
of the selective-area-grown cubic GaN sample, which is 
tilted to about 70° in the microscope. The domains de-
scribed above are also seen in this image. The diffraction 
pattern of the cubic (Fig. 4(b)) and the hexagonal phase 
(Fig. 4(c)) of GaN exemplify the measured raw data and 
lead to the phase map in Fig. 4(d). The crystal plane identi-
fication was achieved by a Hough-transformation followed 
by a least-square fit to both the cubic and the hexagonal 
phase, yielding a phase identification based on the smallest 
error. The raw data illustrated in the phase map were de-
tected with a stepsize of 0.6 µm and an angle resolution of 
1-2°. The cubic phase is displayed in red color and the 
hexagonal phase of GaN in green, where a 50 % threshold 
is used to assign either phase to a measurement position. 
I.e., even though it is assumed that both phases are present 
in the domains, a sharp discrimination of the two pure 
phases is made in this diagram, and it obviously strongly 
correlates with the SEM image in Fig. 4(a). It is clearly 
visible that the fraction of hexagonal phase between close-
by domains varies. The domains with mainly cubic phase 
(red) contain hexagonal inclusions (green). Additionally 
there are domains where the hexagonal phase (green) dom-
inates. These domains are less charged (darker) in the SEM 
image of Fig. 4(a). The correlation between SEM images 
and AFM measurements demonstrates that in domains with 
island growth the cubic phase is dominant. Furthermore the 
domains with a layer-by-layer growth mechanism can be 
identified to contain a high fraction of the hexagonal phase. 

 
3.4 Micro-photoluminescence and cathodolu-

minescence spectroscopy The optical properties of 
the domains of the selective-area-grown GaN layer were 
studied by room temperature µ-PL and CL measurements. 
In the inset of Fig. 5 a top view SEM image of the µ-PL 
and CL measurement area on the sample surface is dis-
played. Each domain is identified with contamination 
markers (dark rectangles) deposited by a SEM. Position 1 
(blue) is allocated to a domain with a Frank-Van-der-
Merwe growth mechanism, while position 2 (red) marks a 
domain with a Volmer-Weber island growth. The spot di-
ameters of both optical methods are smaller than the do-
main size. 

The µ-PL luminescence was excited by the 325 nm 
line of a HeCd laser with a power of 5 mW (beam diameter 
1 µm). In Fig. 5 the spectra of two domains (position 1 
blue curve and position 2 red curve, solid line) of the selec-
tive-area-grown cubic GaN are depicted. The band-edge 
luminescence of position 1 (blue curve) is at 3.38 eV and is 
assigned to defect luminescence related to the hexagonal 
phase. It should be noted that a pure hexagonal phase is 
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expected to show a luminescence peak at 3.42 eV, which 
would be clearly separated from the peak observed here. 
By comparison, the µ-PL peak of domain 2 has more in-
tensity and occurs at 3.20 eV. This value agrees well with 
the band-edge transition at 3.21 eV for cubic GaN grown 
on GaAs [10]. Furthermore there is an emission shoulder 
with low intensity at 3.38 eV, which is an indication for 
defects and hexagonal inclusions in the selective-area-
grown cubic GaN. A further luminescence peak in the red 
curve at 2.23 eV is related to defect luminescence. These 
spectra demonstrate clearly that in addition to the structural 
differences shown by EBSD the optical properties between 
two adjacent domains are quite different.  

To support the µ-PL measurements and to obtain more 
spatially-resolved information about the optical properties 
of domains, CL measurements were performed in a ZEISS 
DSM 950 SEM equipped with an Oxford Instruments 
CL302. The beam energy and diameter of the excitation 
volume were 5 keV and ~ 300 nm, respectively. Figure 5 
displays the CL spectra of position 1 and position 2 (inten-
sity is multiplied by 100) as dashed lines. Both peaks at 
3.38 eV (domain 1) and 3.21 eV (domain 2) agree well 
with the experimental results of the µ-PL measurements.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 µ-Photoluminescence spectra (solid lines) and cathodo-
luminescence spectra (dashed lines, intensity multiplied by 100) 
of adjacent domains (position 1 blue curve and position 2 red 
curve) of the selective-area-grown cubic GaN at room tempera-
ture. Inset: Top view SEM image of the µ-PL and CL measure-
ment area on the sample surface. Each domain is identified with 
markers (dark rectangles) positioned by a SEM. Position 1 is al-
located to a domain with a smooth Frank-Van-der-Merwe growth 
mechanism, while position 2 marks a domain with island growth. 
 
4 Conclusions Using SEM and AFM measurements it is 
demonstrated that selective-area-grown cubic GaN grows 
on SiC/Si (001) in two different domains. Nano-patterning 
of the substrate does not influence the shape of these do-

mains, which most probably originate from the substrate. It 
is likely that the domains are due to the presence of two 
different sets of {111} planes in cubic GaN, which are ei-
ther Ga- or N-terminated and which in metal organic 
chemical vapour deposition [11] were shown to have dif-
ferent growth behaviour. HRXRD measurements show that 
at large layer thicknesses the hexagonal fraction in selec-
tive-area-grown cubic GaN is strongly enhanced. Several 
independent measurement techniques reveal that there is a 
largely differing amount of hexagonal inclusions and de-
fects in the two sets of domains. Depending on the fraction 
of cubic or hexagonal phase the Volmer-Weber or the 
Frank-Van-der-Merwe growth mechanism dominates and 
the lateral growth rate varies accordingly. These observa-
tions need to be considered carefully in order to further re-
duce SF densities and hexagonal phase content in MBE 
grown selective-area-grown cubic GaN layers. 
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