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In situ asymmetric island sidewall growth of high-
quality semipolar (1122) GaN on m-plane sapphire

Zhengyuan Wu,? Xiyang Shen,® Chuan Liu,” Kongyi Li,*> Wenzhong Shen,©
Junyong Kang?® and Zhilai Fang*?®

In situ asymmetric island sidewall growth (AISG) was developed to enhance Ga-face facet growth and im-
prove the crystalline quality of (1122) GaN epilayers on m-plane sapphire substrates. In the early growth
stage island shaping and sidewall faceting were distinct and controlled by growth design. Using in situ AISG,
{0002} instead of {1103} sidewall facets were formed on the Ga-rich island surface, which eliminated for-
mation of a {1103} phase during subsequent layer growth of semipolar GaN. Enhanced Ga-face sidewall
facet growth led to +c regions overlapping —c regions, which reduced defect density. Pure semipolar (1122)
epilayers with a reduced surface striation density and a basal-plane stacking fault density of 8 x 10° cm™
were obtained. The observation of a narrow E5' peak and an intense E;(LO) peak in Raman spectra indicates
that almost strain-free high-quality semipolar (1122) GaN films were achieved. The photoluminescence
emission intensity from the (1122) GaN film prepared by in situ AISG was dominated by band-edge emis-
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Introduction

Growth and design of group-III nitride semiconductor hetero-
structures on semipolar planes have attracted intense re-
search interest due to the reduction of the internal electric
field inherently existing in polar III-nitrides growing along the
¢ axis."” In comparison with nonpolar GaN, semipolar GaN
grown on (1122) and (2021) atomic planes has the merits of a
high indium incorporation efficiency® and a wide growth win-
dow.”' (1122) semipolar GaN is of a nearly free electric field
and thus preferred as a growth template of long-wavelength
GaN-based optoelectronic devices. Owing to a lack of large-
sized and low-priced GaN substrates, semipolar (1122) III-
nitrides are usually grown on heterosubstrates."*™* Unfortu-
nately, semipolar (1122) GaN heteroepitaxial films usually
have high-density structural defects and rough surfaces,
which have become a big obstacle when fabricating high-
performance devices.'*™® Various methods such as two-step
growth, SiN, or ScN or superlattice interlayering, chemical
etching, and epitaxial lateral overgrowth (ELO) have been de-
veloped to reduce the density of threading dislocation (TD),
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sion and enhanced ~4 times more than that from conventional (1122) GaN.

partial dislocation (PD), and stacking faults (SFs) in semipolar
(1122) GaN."”"** In conventional ELO the SF density was sig-
nificantly reduced in +c¢ wings but remained very high in —¢
wings and windows.>* 2 This indicates that enhanced Ga-face
sidewall facet (also referred as +c¢ plane) growth, which in-
creases the area of the +c region, may improve the crystalline
quality of semipolar (1122) GaN films. However, conventional
ELO requires a complicated ex situ lithography process with a
risk of contamination. Furthermore, thick GaN layers have to
be grown for full coalescence and surface smoothing. Conven-
tional ELO is generally time-consuming and expensive though
the quality of ELO-grown GaN is highly attractive.

Heteroepitaxy usually leads to the formation of three-
dimensional islands in early growth stages, which has a sig-
nificant influence on film qualities. For instance, high-density
defects are usually formed at the coalescence boundary of ad-
jacent misoriented islands.>’>° Therefore, the monitoring of
island shaping and shape variation in the early growth stages
of GaN heteroepitaxy is crucial for the growth of high-quality
GaN films.*** In this study, different from conventional
ELO, in situ asymmetric island sidewall growth (AISG) for
faster and more uniform coalescence of neighboring islands
was developed in order to enhance Ga-face island sidewall
facet growth and to improve the crystalline quality and optical
properties of the semipolar (1122) GaN epilayers without the
ex situ lithography process. We find that by in situ AISG the
heteroepitaxially grown semipolar GaN films are of (1122) sin-
gle phase, reduced SF density, and enhanced band-edge
emission.
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Experimental

The heteroepitaxy of semipolar GaN films on (1100) m-plane
sapphire substrates was carried out in a Thomas Swan meta-
lorganic chemical vapor deposition system. Trimethylgallium
(TMGa) and high-purity ammonia were used as the source
precursors, and hydrogen as the carrier gas. The sapphire
substrates were cleaned at 1060 °C and 100 Torr for 10 min
in a H, ambient atmosphere followed by nitridation at 570
°C for 6 min. A low-temperature GaN nucleation layer (NL,
~30 nm thick) was grown at 550 °C and 500 Torr for 120 s
followed by a high-temperature annealing process at 1030 °C.
The GaN epilayers at different growth stages were prepared
by varying the growth time, temperature, pressure, and NH;/
TMGa ratio for the investigation of growth behavior. High re-
actor pressure (250 Torr) was employed for the formation of
energetically more stable island sidewall facets at the initial
growth stages and then was gradually decreased to 120 Torr
for island coarsening and coalescence. The reactor pressure
was further decreased and finally kept at 50 Torr for the lat-
eral growth of semipolar GaN films with a smooth surface.
Sample “A1” was prepared under conventional growth condi-
tions (at 1030 °C and 250 Torr for 400 s) as a control sample
of GaN islands on the NL. After that further GaN growth was
carried out at 120 Torr for 800 s on sample “A1”. Sample
“B1” was prepared by intentionally prolonging the island
growth for 1000 s with a low NH;/TMGa ratio of 1100 at 1030
°C. Growth with a low NH3/TMGa ratio and at high growth
temperature in the initial growth stage is expected to en-
hance Ga adatom diffusion and Ga-polar sidewall facet
growth, and suppress the formation of stable N-polar sidewall
facets. By the proposed in situ AISG for sample “B1”, the is-
land sidewall facets are expected to gradually change from
N-polar to Ga-polar; meanwhile, during island coalescence
the —c regions of one island would be covered with high-
quality +c¢ regions of neighboring islands. Samples “A2” and
“B2” were prepared by a subsequent layer growth of ~2.5 pm
thick GaN on samples “A1” and “B1” with a high NH;/TMGa
ratio of 2176 and low reactor pressure of 50 Torr.

The surface morphologies of the semipolar GaN epilayers
were investigated by atomic force microscopy (AFM, SII
SPA400) and scanning electron microscopy (SEM, Hitachi-
S4800). The surface chemical compositions were analyzed by
X-ray photoelectron spectroscopy (XPS, PHI Quantum2000)
with an Al K, X-ray excitation source (hv = 1486.6 eV).
Spatially-resolved surface chemical compositions were charac-
terized by elemental mapping using a SEM installed with an
energy dispersive spectroscope (EDS, SU70). The SEM-EDS
operating voltage is 10-20 kV and the collection time is 40 s.
Different areas have been measured for consistency. X-ray dif-
fraction (XRD, PHILIPS X'Pert PRO) and Raman spectroscopy
(RAMAN-11) were used to qualitatively analyze the crystalline
quality of semipolar GaN. The luminescence properties of the
semipolar GaN were investigated by micro-
photoluminescence (PL) excited by a 325 nm He-Cd laser
and spatially-resolved cathodoluminescence (CL, Gatan
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MonoCL3+) at room temperature (300 K). An electron acceler-
ation voltage of 5 kv and beam current of less than 20 nA
were employed to avoid radiation damage during the SEM-CL
measurements. The microstructure of sample “B2” was inves-
tigated by transmission electron microscopy (TEM, JEM2100)
using an accelerating voltage of 200 kV.

Results and discussion

In the early growth stage under high reactor pressure,
adatom diffusion is limited and plays an important role in is-
land shaping and shape variation.*** Energetically more sta-
ble island sidewall facets of either Ga-polarity or N-polarity
would be formed. Fig. 1 shows a schematic diagram of
atomic structures for the {1122}, {1103}, and {1011} atomic
planes (side view). The {0002} atomic plane is also shown for
reference. Apparently, as confirmed by convergent beam
electron diffraction,"*'* the {1103} and {1011} atomic planes
are of N-polarity (N-face) whereas the {0002} and {1122}
atomic planes are of Ga-polarity (Ga-face). It has been
reported that the N-polar surface is energetically more stable
at low growth temperature with a high NH;/TMGa ratio and
becomes unstable at high temperature with a low NH;/TMGa
ratio.®* This means that the island shaping and shape varia-
tion (e.g. formation of specific smooth sidewall facets, varia-
tion of island sidewall facets from N-polar to Ga-polar, etc.)
may be well controlled by an appropriate growth design. In
the following we present the studies on island shaping, shape
variations, island coarsening and coalescence, and their in-
fluences on the growth of high-quality semipolar GaN films
by in situ AISG.

Fig. 2 shows the XPS spectra of the Ga3d5/2 and Nis
photoelectron peaks from samples “A1” and “B1”. The XPS
spectra were referenced to the XPS data book with the Ci1s
peak fixed at 284.8 eV.>> In the XPS spectra of the N1s photo-
electron peak strong Ga Auger signals were also observed.
The average gallium to nitrogen ratio (X%,) can be esti-
mated by the integrated intensity ratio of deconvoluted XPS
components calibrated by the sensitivity factors. Based on

X(S}d/N - ([3d5/2 )/(F;di/z) ,
(INIS)/(FNIS)

the integrated intensity and F the sensitivity factor (Fgazqas/, =
0.438 and Fy;= 0.499), we get Xgan ~ 1.00 and Xgun ~ 1.07
for samples “A1” and “B1”, respectively. In comparison with
sample “A1”, the slight increase of the Ga/N ratio for sample
“B1” indicates the formation of a Ga-rich surface by in situ
AISG under high-pressure and Ga-rich growth conditions. On
the Ga-rich surface the N-polar sidewall facet would become
unstable and Ga-face facet growth would be enhanced.*®

Fig. 3a shows a schematic diagram of (1122) GaN on the
(1100) m-plane sapphire substrates. The epitaxial relationship
between GaN and sapphire is identified as [1122]
GaN| |[1 iOO]sapphirev [iizg]GaNl |[0001]sapphirey and
[1100]Gan[1120)sapphire- Fig. 3b shows the SEM image of sam-
ple “A1”. High-density partially coalesced trapezoidal faceted

where S denotes the sample name, I
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Fig. 1 Schematic diagram of atomic structures for the {1122}, {1103}, and {1011} atomic planes (side view).
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Fig. 2 XPS spectra of (a) Ga3d5/2 and (b) N1s photoelectron peaks of sample “A1”. XPS spectra of (c) Ga3d5/2 and (d) N1s photoelectron peaks of
sample “B1”. In the figure, the fitted peaks of 19.5 eV and 397.0 eV correspond to Ga3d5/2 (Ga-N) and N1s (N-Ga), respectively.
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Fig. 3 (a) Schematic diagram of semipolar (1122) GaN on the (1100) m-sapphire substrates showing the epitaxial relationship between GaN and
sapphire. (b) SEM image of the surface morphology of sample “Al1”. (c) AFM image of typical GaN islands of sample “Al”. Line profiles (d) “L1”, (e)
“L2”, and (f) “L3” crossing over the typical sidewall facets of the island marked by green lines. (g) A geometrical model of the island showing the
presence of island sidewall facets of various polar angles.
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islands with a ridge-like top and arrowhead to [1123] were ob-
served. To further investigate the three-dimensional structure
of the GaN islands, the surface morphology was also investi-
gated by AFM. The typical island shape of sample “A1” is
shown in Fig. 3c. Line profiles “L1”, “L2”, and “L3” crossing
over the typical sidewall facets of the island marked by green
lines were drawn and shown in Fig. 3d-f. The specific polar
angles of the sidewall facets referring to the (1122) basal
plane are measured to be 58°, 26°, 0°, and 32°, respectively,
indicating the presence of {1103}, {1011}, {1122}, and {2021}
sidewall facets on the island surface. Based on the AFM im-
ages, line profiles, and SHAPE software, we sketch in Fig. 3g
the geometrical model of the island with various island side-
wall facets formed under conventional growth conditions.
Fig. 4a and b shows the SEM and AFM images of sample
“B1”. The islands are mesa-like and mostly coalesced. A geo-
metrical model for the coalesced islands marked by red lines
is sketched in Fig. 4c. Interestingly, in comparison with sam-
ple “A1”, {0002} instead of {1103} sidewall facets were ob-
served on the islands of sample “B1”. Under the in situ AISG
growth conditions for sample “B1” the Ga-polar {0002} side-
wall facets are energetically more stable than the N-polar
{1103} sidewall facets, leading to a gradual change of N-polar
to Ga-polar sidewall facets, which is consistent with the dis-
cussions for Fig. 1 and the XPS analysis in Fig. 2. Further-
more, the {1103} atomic planes have a higher dangling bond
density (14.2 nm™>) than that of the {0002} planes (11.4
nm ) and thus would grow faster and eventually disappear.**
The Ga-face facet growth was enhanced and the {1103} facet
growth was suppressed, which would eliminate the formation
of the {1103} phase during the subsequent layer growth of
semipolar GaN. Fig. 4d shows a schematic diagram of the is-

(d)
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NS SSS
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Fig. 4 (a) SEM and (b) AFM images of sample “B1”. (c) A geometrical
model of the coalesced island marked by red lines. (d) Schematic
diagram of island coalescence along [1123] showing the covering of
the —c region of one island by the +c region of an adjacent island.
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land coalescence process. As indicated by the green arrows,
the +c region of one island overlaps the —c region of a neigh-
boring island during coalescence along [1123] due to the en-
hanced Ga-face facet growth. As a result, high-density basal
plane SFs (BSFs) usually generated in the —c regions are
blocked by the +c regions on top.

Fig. 5 shows the SEM image and EDS elemental mappings
for Ga K, (red) and N K, (green) over the same area of sam-
ple “A1”. Yellow dashed circles are marked in the same re-
gion of one typical island side and white dashed circles are
marked in the same region of the other island side. In
Fig. 5b and c the intensities (counts) within the yellow circles
of the Ga K,y and N K,; elemental maps are stronger than
those within the white circles. Fig. 5d shows the EDS line
profiles (red curve for Ga and green for N) from the yellow
circled region to the white circled region of the typical island
along [1123] as indicated by the red arrow. The line profiles
are fitted and shown as black curves. The tendency of the Ga/
N intensity (without calibration) is roughly estimated from
the black fitted curves and drawn as a line of blue circles.
The tendency curve shows a decrease of Ga/N along [1123].
We denote the yellow circled region as the +c region and the
white circled region as the —c region of the island
accordingly.

Fig. 6 shows the SEM image and EDS elemental mappings
for Ga K, (red) and N K, (green) over the same area of sam-
ple “B1”. Typically for the island coalescence regions (e.g.,
green circled), the Ga elemental distributions show intensity
fluctuation whereas the N elemental distributions are rela-
tively uniform, indicating the presence of partial overlapping
of the +c and —c regions during island coalescence of neigh-
boring islands. Fig. 6d shows the EDS line profiles crossing
over the coalescence regions of neighboring islands along
[1123] as indicated by the red arrow. The tendency of the Ga/

\
1

(b) Ga Ka1 ---.
|

Tendency of Ga/N (a.u.)

Distance um)

Fig. 5 SEM image (a) and EDS elemental mappings for (b) Ga K, (red)
and (c) N K, (green) over the same area of sample “Al”. (d) EDS line
scan along [1123] as indicated by the red arrow.
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Fig. 6 SEM image (a) and EDS elemental mappings for (b) Ga K, (red)
and (c) N K,z (green) over the same area of sample “B1”. (d) EDS line
scan along [1123] as indicated by the red arrow.

N intensity (without calibration) is roughly estimated from
the fitted curves and drawn as a line of blue circles. The ten-
dency curve shows a strong fluctuation of Ga/N with distinct
peaks and dips corresponding to the +c regions and —c re-
gions, respectively. The +c regions (Ga-face island sidewall
facets) are obviously of large area (height and width), indicat-
ing enhanced Ga-face sidewall facet growth. This led to the
+c region of one island overlapping the —c region of a neigh-
boring island during island coalescence. Due to in situ AISG,
enhanced Ga-face sidewall facet growth and the overlapping
of the +¢ and —c regions between two neighboring islands in
sample “B1” are much more effective than that in sample
“A1” due to the formation of a Ga-rich surface (see Fig. 2)
and the intentionally prolonged island growth with a low
NH;/TMGa ratio and high reactor pressure. The —c regions of
high-density defects would be eventually covered by the high-
quality +c regions, resulting in a significant reduction of BSF
density in the semipolar (1122) GaN films.

Fig. 7 shows the SEM images of samples “A2” and “B2”.
The inset AFM images give a close view of the surface mor-
phology. Typical striations were observed for both samples.

£\

[-1-123] [1-100]

(a) “A2”

(b) “B2”

Fig. 7 SEM images of samples (a) “A2” and (b) “B2”. The inset AFM
images give a close view of the surface morphology.
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The average striation density of sample “A2” was estimated
to be ~0.46 and 0.16 um™ along [1100] and [1123], respec-
tively. The presence of high-density striations on the surface
indicates growth anisotropy and high-density BSFs generated
at the coalescence boundary of neighboring islands.**?° The
average striation density of sample “B2” was estimated to be
~0.26 and 0.10 pm™" along [1100] and [1123], respectively.
The decrease in striation density indicates the reduction of
the BSF density in sample “B2”."%2°

Fig. 8a shows the XRD w-20 scans of samples “A2” and
“B2”. The simultaneous appearance of the primary (1122)
peak at 34.6° and the secondary (1013) peak at 32.3° from
sample “A2” indicates the presence of mixed phases. The
integrated intensity ratio of (1013) GaN to (1122) GaN is
~4%. Semipolar (1013) GaN has twinned crystallites and a
rough surface, which is deleterious to the crystalline quality
and device performance. The presence of the (1013) phase in
sample “A2” is likely a consequence of GaN growth on the ex-
posed (1013) island sidewall facets in sample “A1” (see
Fig. 3). In comparison, for sample “B2” a single (1122) peak
was observed indicating that pure semipolar (1122) GaN was
obtained. The absence of the (1013) peak is consistent with
the initial island sidewall faceting in sample “B1” (without
formation of the {1013} sidewalls by in situ AISG in the early
growth stage).

Fig. 8b shows the XRD o scans of the (1122) peaks from
samples “A2” and “B2”. In previous studies, as far as we
know, the full width at half maximum (FWHM) of the XRD
peak for polar c-plane GaN was as small as 158 arcsec;®’ the
FWHMs of the XRD peaks for nonpolar a-plane GaN on sap-
phire with ScN interlayers or on patterned sapphire substrate
(PSS) were 300 arcsec;'”*® the FWHM of the XRD peaks for
nonpolar m-plane GaN on PSS was 490 arcsec.>® In semipolar
(1122) GaN, the XRD w-scan peak broadening with the inci-
dent beam aligned to the [1123] direction is usually corre-
lated with the BSF and dislocation density."® It has been
reported that an FWHM of 1400 arcsec for the (1122) peak
corresponded to a BSF density of 2 x 10° ecm™."* The disloca-
tion density was evaluated to be 2.0 x 10'® cm™ by TEM.
Based on the XRD FWHM and using Kurtz's formula,*® the
dislocation density was estimated to be 3.0 x 10'® cm™. The
FWHM of semipolar (1122) GaN prepared by a two-step
growth process was 630 arcsec.”” By use of a ScN interlayer,
the FWHM of semipolar (1122) GaN was 432 arcsec, and the
BSF density was estimated to be 6 x 10* em™." The disloca-
tion density was estimated to be 1.5 x 10® cm™> by TEM and
4.0 x 10° cm™ by XRD FWHM and using Chierchia's for-
mula.”* Recently, by growth on etched trenches of r-sapphire,
the crystalline quality was improved with an FWHM of 200
arcsec.”” In this study, the FWHM of the (1122) peaks are as
small as 180 and 90 arcsec for samples “A2” and “B2”, respec-
tively. Correspondingly, the BSF density is estimated to be 2
x 10" em™ for sample “A2” and 8 x 10°> cm ™" for sample “B2”.
By use of Chierchia's formula, the dislocation density is
roughly estimated to be 1.5 x 10° em™ for sample “A2” and
8.0 x 10’ cm™ for sample “B2”.*" The dislocation density of
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Fig. 8 (a) XRD w-26 scans of samples “A2” and “B2”. (b) XRD w scans of the (1122) peaks from samples “A2” and “B2” with the incident beam

direction aligned to [1123].

sample “B2” was also investigated by TEM and is shown in
Fig. 9. In the cross-sectional TEM image view along the
[1100] zone axis using g = (1120), both a and a + ¢ type dislo-
cations are visible, which are indicated by yellow arrows in
Fig. 9a. The dislocation density derived from Fig. 9a is ~1.2 x
10® em™. The diffraction pattern in Fig. 9b further demon-
strates that high-quality semipolar (1122) GaN film has been
obtained. These results suggest that the in situ AISG method
may significantly reduce defect density.

Fig. 10 shows the Micro-Raman spectra with clearly visible
EY, A,(TO), and E,(LO) phonon peaks from samples “A2” and
“B2”. In previous studies, the best FWHM of the E} peaks
was 3.9 em ™" for polar c-plane GaN and 3.5 cm ™ for nonpolar
a-plane GaN.**** Limited by the resolution of the Raman
spectroscopy employed in this study and for semipolar (1122)
GaN, the FWHM of the EY peaks is relatively broad and esti-
mated as 12.1 and 9.4 cm™ for samples “A2” and “B2”, re-
spectively. The phonon lifetime 7 is evaluated to be 0.44 ps
for sample “A2” and 0.56 ps for sample “B2”, via an energy-
time uncertainty relation r = #/AE, where i = 5.3 x 10> cm ™"
s and AF is the FWHM in units of cm™".** In comparison with
567.6 cm " for strain-free GaN," the EY peaks of A2 and B2
are located at 567.7 and 568.5 cm™ with a red shift of 0.1
and 0.9 cm ™, respectively. The in-plane biaxial residual strain
o can be estimated from ¢ = Aw/K, where Aw is the peak shift
and K is the linear strain coefficient (~4.2 cm™ GPa™), to be
about 0.02 and 0.21 GPa in samples “A2” and “B2”, respec-

" (11:22) )

.(0002) =

[11-22]

%—»[-1-123]

[-1100]

0.5um

Fig. 9 (a) Cross-sectional TEM images of sample “B2” taken close to
the [1100] zone axis with g = (1120). The yellow arrows indicate
threading dislocations. (b) Selected area diffraction pattern of sample
“B2”.
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tively. Very small residual compressive strain was left in both
samples. The observation of the E;(LO) peak at 740 cm™" for
both samples indicates that almost strain-free high-quality
semipolar (1122) GaN films were obtained.*® While the resid-
ual strain in sample “B2” is a little bit higher than that in
sample “A2”, the defect density in sample “B2” is less than
that in sample “A2”, leading to a more intense and narrower
E,(LO) peak from sample “B2”. Accordingly, high-quality al-
most strain-free semipolar (1122) GaN was obtained by in situ
AISG, as was consistent with the SEM and XRD results.

Fig. 11 shows the 300 K PL spectra of samples “A2” and
“B2”. For semipolar GaN on sapphire, the emission peak is
in general weak and dominated by defect-related (e.g. BSF)
emission.””*® The peak energies of band-edge emission (BE)
“p1”, BSF emission “p2”, and prismatic SF (PSF) and partial
dislocation (PD) emission “p3” measured at 300 K are about
3.41, 3.36, and 3.24 eV, respectively. In Fig. 11 an intense
emission peak at ~3.40 eV was observed for sample “B2”,
which is about 4 times stronger than that of sample “A2”.
Furthermore, the BE intensity (“p1”) is much stronger than
the intensity of the BSF (“p2”), PSF and PD (“p3”) emissions,
which suggests that high-quality semipolar (1122) GaN films
were obtained by in situ AISG.

Fig. 12 shows the SEM, panchromatic and 364 nm (~3.41
eV) monochromatic CL images measured at 300 K for sam-
ples “A2” and “B2”. A ridge-like surface morphology was ob-
served for both samples. Some bright spots in the

a0k f . ]
- E2 IlA2ll
=] L 1] 11]
8 30kt B2" |
2
g 20k
g L _
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E 10k  Sapphire \ E1 (LO) -
2 | A
o T T T T
400 500 600 700 800
Raman Shift (cm™)

Fig. 10 Micro-Raman spectra of samples “A2” and “B2”. The EY,
A1(TO), and E41(LO) phonon peaks are clearly visible.
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Fig. 11 300 K PL spectra of samples “A2” and “B2”.
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Fig. 12 (a) SEM, (b) panchromatic and (c) 364 nm monochromatic CL
images of sample “A2”. (d) SEM, (e) panchromatic and (f) 364 nm
monochromatic CL images of sample “B2”.

panchromatic CL image of sample “A2” with a few weak
spots in the 364 nm CL image were observed in
Fig. 12b and c, which indicates very weak BE intensity from
sample “A2”. In comparison, the bright contrast regions in
Fig. 12e and f from sample “B2” are broader and brighter
than those from sample “A2”, which indicates a stronger BE
intensity from sample “B2” and a consistence with the
growth of large-area high-quality +c regions by in situ AISG.

Conclusion

Island shaping and its influences on the growth behavior and
optical properties of semipolar GaN were studied. In situ
AISG was developed to form a Ga-rich island surface and en-
hance the Ga-face facet growth. The {0002} instead of {1103}
sidewall facets were formed on the islands, which eliminated
the formation of the {1103} phase during the subsequent
layer growth of semipolar GaN. During the island lateral
coarsening and coalescence along [1123] the +c region of the
island overlapped the —c region of a neighboring island, lead-
ing to the blocking of SFs formed in the —c regions. By the
use of in situ AISG the average striation density estimated
from the SEM and AFM images was effectively reduced indi-
cating the reduction of SF density; XRD and TEM studies
show that pure semipolar (1122) GaN with a basal-plane SF

This journal is © The Royal Society of Chemistry 2016

View Article Online

Paper

density of ~8 x 10> em™ and a TDs density of ~1.2 x 10°
cm 2 is obtained; the observation of the narrow E5' peak and
intense E4(LO) peak in the Raman spectra indicates that al-
most strain-free high-quality semipolar (1122) GaN films were
achieved. The luminescence from the semipolar (1122) GaN
films was significantly enhanced due to the improvement of
crystalline quality by in situ AISG.
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