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Conductive atomic force microscopy and near-field optical microscopy �NSOM� were used to study
the morphology, conduction, and optical properties of a-plane GaN films grown via epitaxial lateral
overgrowth �ELO� by metal organic chemical vapor deposition. The AFM images for the coalesced
ELO films show undulations, where the window regions appear as depressions with a high density
of surface pits. At reverse bias below 12 V, very low uniform conduction �2 pA� is seen in the
window regions. Above 20 V, a lower-quality sample shows localized sites inside the window
regions with significant leakage, indicating a correlation between the presence of surface pits and
leakage sites. Room temperature NSOM studies explicitly showed enhanced optical quality in the
wing regions of the overgrown GaN due to a reduced density of dislocations, with the wings and the
windows clearly discernible from near-field photoluminescence mapping. © 2007 American
Institute of Physics. �DOI: 10.1063/1.2429901�

In GaN films, surface terminations of threading disloca-
tions �TDs� with a screw component have been shown to
exhibit reverse-bias current leakage, which is problematic for
device applications.1–3 The majority of research has concen-
trated on dislocations in the basal plane �c plane� of GaN,
although spontaneous polarization and strain-induced piezo-
electric effects produce electric fields that introduce addi-
tional design constraints.4,5 To overcome this problem, recent
studies have focused on nonpolar, a-plane GaN films.6–9 In
particular, the epitaxial lateral overgrowth �ELO� and side-
wall ELO of a-plane GaN have shown a decrease in TDs for
films grown via metal organic chemical vapor deposition10–12

�MOCVD� and hydride vapor phase epitaxy.13 It has been
demonstrated that dislocations may bend out from the win-
dow regions during faceted ELO to achieve minimum en-
ergy, resulting in a reduced number of TDs terminating on
the surface window region.14–16 Some of these dislocations
may again bend towards the surface in the wings or counter-
propagating dislocations from opposing wings may annihi-
late. However, the dislocation density in the windows gener-
ally remains significantly higher than that in the wings.
Time-resolved photoluminescence studies have also shown
that ELO of a-plane GaN results in a significant increase in
material quality with a reduction in the influence of
substrate-related defects.17,18 In this work, we have used both
conductive atomic force microscopy �CAFM� and near-field
scanning optical microscopy �NSOM� to study the local elec-
trical and optical properties of a-plane ELO GaN.

The a-plane �112̄0� GaN films �1.5 �m� used for ELO
templates in this study were grown by MOCVD on r-plane

�11̄02� sapphire substrates at 1050 °C.19 A 100-nm-thick
SiO2 layer was then deposited via plasma-enhanced chemical
vapor deposition and patterned with 4-�m-wide windows

oriented parallel to the �101̄0� direction of GaN �14 or

24 �m pitch� using conventional photolithography and
buffer oxide etching. To overcome difficulties in coalescence
introduced by the wing tilt between the Ga- and N-polar
wings, the ELO films were grown in two stages, 2 h at
1000 °C �promotes vertical growth� followed by 3 h at
1050 °C �promotes lateral growth�.20 The two samples pre-
sented here, which will be referred to as samples 1 and 2,
were grown with the same trimethylgallium flow rates
�157 �mol/min�, but the ammonia flow rate for sample 1
was decreased from 3000 to 600 SCCM �SCCM denotes cu-
bic centimeter per minute at STP� during the second stage,
resulting in a higher III/V ratio. Samples 1 and 2 were
grown on 24 and 14 �m pitch ELO templates, respectively.
X-ray diffraction �XRD� data indicate that sample 1 is of
slightly lower crystalline quality as compared to sample 2.

When the x-ray beam is oriented parallel to the GaN �101̄0�
direction, the full width at half maximum �FWHM� values of

the �112̄0� reflection are 0.27° �sample 1� and 0.21° �sample
2�. When the beam is oriented along the GaN c axis, the

FWHM values of the most intense �112̄0� reflection �from
the Ga wings� are 0.38° �sample 1� and 0.36° �sample 2�.

For CAFM data acquisition, Ohmic contacts were
formed on all samples using Ti/Al/Ti/Au metallization, and
a microscopic Schottky contact was formed between the
metallized CAFM tip and the sample. Data were acquired
using a Veeco Dimension 3100 AFM with Ti/Pt-coated can-
tilevers and a current amplifier module with a range of
1 pA–1 �A. During imaging, contact-mode topographs
were acquired simultaneously with CAFM current images.
For high voltage studies ��12 V�, an external bias voltage
was applied to the sample via a selectable battery source
�1.5–60 V�. NSOM measurements were performed using a
Cryoview 2000 system �Nanonics Imaging Ltd.� at room
temperature in the illumination mode, where a 325 nm HeCd
laser was used for excitation through a metal coated cantile-
vered optical fiber probe with a 350 nm aperture. NSOMa�Electronic mail: aabaski@vcu.edu
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photoluminescence �PL� intensity mapping was carried out
using a photomultiplier tube to collect the overall PL spec-
trum with the scattered and reflected laser light blocked us-
ing an optical filter.

AFM data indicate that both samples have step bunching
that produces striations along the c direction, as well as un-
dulations perpendicular to the c direction with depressions in
the window regions. Figure 1�a� is an AFM image of sample
1 with the boundaries of two window regions indicated by
black lines. To enhance features in the window region,
Fig. 1�b� is a high-pass filtered image of Fig. 1�a� with a
Sobel edge enhancement applied that produces dark pixels at
edge features. The window regions appear as dark bands in
the processed image, indicating a high density of edges.
These edges occur at surface pits which are seen at higher
resolution in the inset of Fig. 1�b�. The Ga- and N-polar
wings between the windows have significantly fewer pits and
are slightly raised at their meeting front. This ridge results
from the miscut of the r-plane sapphire substrate towards its
c axis and the tilt of the two wings.19 The meeting front is
also off-center between the windows, where the widths of the
Ga-polar �white arrow� and N-polar �black arrow� wings
have a ratio of approximately 2:1, as indicated by AFM,
NSOM, and scanning electron microscopy data. The ratio of
the wing widths indicates that the Ga-polar wing grows ap-
proximately two times faster than the N-polar wing. This
difference in growth rates between the Ga- and N-polar sur-
faces is sensitive to growth temperature, and has been attrib-
uted to differences in adsorption and desorption rates11

and/or relative chemical stability of the two polarities.20

The local conduction behavior of samples 1 and 2 at
high reverse bias is presented in Fig. 2, with simultaneous
contact-mode AFM and CAFM images shown for each
sample. At reverse-bias voltages below 10–15 V, some very
low �2 pA� conduction is seen in the window regions on both
samples, but more interesting behavior is observed at higher
bias. Above 20 V, localized regions with higher current leak-
age begin to appear in the window regions of sample 1, but
not on sample 2. Figure 2�b� is a CAFM image of sample 1
taken at 48 V reverse bias, which indicates a relatively uni-
form density of leakage defect sites �3�107 cm−2� with cur-
rents ranging from 10 to 500 pA. This type of localized leak-
age is similar to previously reported conduction behavior for
defect regions on non-ELO, c-plane GaN films.21–24 Interest-
ingly, the meeting front on sample 1 also shows a few iso-

lated leakage sites �see vicinity of arrows in Fig. 2�b��. The
location of leakage sites in the window regions and at meet-
ing fronts indicates lower sample quality, i.e., a higher den-
sity of defects, in these locations. It has been suggested that
surface pits could be decorating dislocations terminated on
the surface25 and therefore exhibit high leakage current. Such
defect sites are only infrequently observed on sample 2, in-
dicating that sample 2 is of higher quality than sample 1,
which is consistent with XRD results. Because sample 1 was
grown with a higher III/V ratio in the second growth stage,
its lower quality may be attributed to higher Ga incorpora-
tion at threading dislocations. Previous CAFM studies have
suggested that Ga incorporation is the mechanism respon-
sible for reverse-bias leakage at defect sites.1

NSOM data of samples 1 and 2 also show a contrast
variation in PL intensity between the window and wing re-
gions, as well as a qualitative difference between the two
samples. Simultaneous AFM and NSOM data for samples 1
and 2 are provided in Figs. 3�a�–3�d�, respectively. Both
samples show a weaker average PL intensity in window re-
gions �outlined by black lines� and at meeting fronts �white
lines�, and a relatively strong intensity on the Ga wings
�white arrows�. Part of the observed PL intensity decrease at
the meeting fronts may be related to a probe-size-related ar-
tifact; however, the PL intensity variations in the window
and the wing regions are intrinsic to the samples. The in-
creased PL intensity in the wing regions has its origin in the
reduction of dislocations, which act as nonradiative recom-
bination channels. The reduction of the dislocation density in
the wings has been verified by transmission electron micros-
copy measurements,20 which also indicate additional disloca-
tions generated at the meeting fronts. Therefore, the PL in-
tensity is expected to be higher in the wings than in the
windows and at the meeting fronts. There is a distinct differ-

FIG. 1. �a� AFM topography image �75�75 �m2, �z=500 nm� of sample 1
with window regions outlined by black lines. White �or black� arrows indi-
cate the locations of Ga-face �or N-face� wing regions. �b� Image shown in
�a� after processing to enhance the edges of pits occurring in the window
regions �dark areas�. �Inset� Higher-resolution, processed image showing the
dark pits in a window region.

FIG. 2. �a� Contact-mode AFM image of sample 1 �45�45 �m2,
�z=300 nm� and �b� corresponding CAFM current image at reverse bias
�48 V, �I=20 pA�. �c� AFM image of sample 2 �30�30 �m2,
�z=200 nm� and �d� corresponding CAFM image �43 V, �I=2 pA�. Black
lines outline window regions and white �or black� arrows indicate Ga-face
�or N-face� wing regions.
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ence between the two samples, however, with regard to the
PL intensity on the N wings. As compared to the Ga wings,
the N-wings demonstrate a weaker intensity on sample 1 and
a comparable intensity on sample 2, suggesting that the op-
tical quality of the N wings is poor for sample 1. Addition-
ally, the average PL intensity from the Ga wings is more than
six times higher for sample 2 as compared to sample 1. An
independent measurement of the band edge PL intensity us-
ing a HeCd laser �325 nm� and spectrometer was also an
order of magnitude higher for sample 2. These results indi-
cate that the material quality is poorer for sample 1, consis-
tent with the results from XRD and CAFM.

In summary, AFM, CAFM, and NSOM data all show a
contrast difference between window and wing regions for
a-plane GaN grown via ELO. Window regions appear as
depressions with a high density of surface pits, with the
lower-quality sample 1 showing localized sites inside the
window regions with significantly high reverse-bias current
leakage. Reduced near-field PL data in window regions also
suggest a greater density of surface terminated dislocations
in those regions, while wing regions explicitly show en-
hanced optical quality of the overgrown GaN due to a re-
duced density of dislocations. The combination of CAFM
and NSOM data therefore indicates a correlation between the

presence of surface pits, localized reverse-bias current leak-
age, and low PL intensity.
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FIG. 3. �a� AFM image �60�60 �m2, �z=150 nm� and �b� simultaneous
NSOM PL-intensity image for sample 1. �c� AFM image �35�35 �m2,
�z=200 nm� and �d� NSOM image of sample 2.
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