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In this paper, we investigate the effect of pressure on the growth mode of high quality (10-11) GaN using an epi-
taxial lateral over growth (ELO) technique by metal organic chemical vapor deposition (MOCVD). Two pressure growth
conditions, high pressure (HP) 1013 mbar and low pressure growth (LP) 500 mbar, are employed during growth. In the
high pressure growth conditions, the crystal quality is improved by decreasing the dislocation and stack fault density in
the strip connection locations. The room temperature photoluminescence measurement also shows that the light emission
intensity increases three times using the HP growth condition compared with that using the LP growth conditions. In the
low temperature (77 K) photoluminescence, the defects-related peaks are very obvious in the low pressure growth samples.
This result also indicates that the crystal quality is improved using the high pressure growth conditions.
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1. Introduction
Although GaN has been widely used in electronic and op-

tical devices,[1–3] the conventional c-plane optical devices still
suffer from the quantum-confined Stark effect (QCSE) due to
the spontaneous and piezoelectric polarization fields parallel
to the [0001] direction.[2,4] This effect restricts the carrier re-
combination efficiency, reduces the oscillator strength, and in-
duces a red-shift in photon emission. Compared with the c-
plane light-emitting diodes (LEDs), the semi-polar LEDs ex-
hibit a smaller blue shift of the peak and a lower efficiency
droop at high injection current and it is easier to obtain long
wavelength emission.[4,5]

Because it is very expensive to use free standing GaN as
a substrate, most of the GaN-based epitaxial growth is per-
formed on sapphire, SiC, or Si substrates. Si substrates have
been considered as one of the good choices due to its low
manufacturing cost, large size, and good thermal and electri-
cal conductivities.[6] However, there are still several problems
in the growth of GaN on the Si substrates. First, the lattice
mismatch between GaN and Si is about 17%, leading to high
threading dislocation density (∼ 109–1011 cm−2) in the GaN
epilayer. Second, because the thermal expansion coefficient
difference between Si and GaN is 56%, a lot of cracks and
damages are generated in the GaN epilayer during cooling in
the growth process.[7] One of the approaches to solve these
problems is to use patterned Si substrates for selective area
growth (SAG) and epitaxial lateral over growth (ELO).[8,9]

High quality semi-polar GaN has been obtained by epitaxial

growth on patterned Si substrates.[10,11] Despite the previous
studies,[9,10] the effect of pressure on the (10-11) GaN quality
and growth mode base on the patterned Si substrates has not
been reported yet. In this paper, we investigate the evolution
of growth mode of the (10-11) semi-polar GaN under different
pressure growth conditions.

2. Experiment procedure
The (10-11) GaN was grown on an 8∘ off-oriented n-

type (001) Si substrate by selective region growth using a
metal-organic chemical vapor deposition (MOCVD) system.
Conventional precursors, including trimethylgallium (TMGa),
trimethylaluminum (TMAl), and ammonia, were used to grow
GaN. Hydrogen was used as a carrier gas for growth of GaN.
The patterned substrate was prepared as follows. First, we
prepared a (001) Si substrate, its ⟨001⟩ axis tilts 8∘ toward the
⟨110⟩ direction. The stripe pattern in the Si substrate was fab-
ricated with optical lithography, followed with wet etching in
a 25% KOH solution for 2.5 min at 42 ∘C. The strip pattern
has a period of 1 µm (groove)/1 µm (stripe). The depth of
the grooves is 0.6 µm. The (-1-11) facet of the groove side-
walls was passive by SiO2 deposition and the (111) facet was
exposed to air for GaN growth. The AlN buffer layer was de-
posited at 1250 ∘C for 20 min (determined by a thermocouple),
and the thickness was about 100 nm, as estimated from scan-
ning electron microscope (SEM) measurements. The GaN was
selectively grown on the (111) facet following the AlN buffer
layer. The first GaN layer was deposited at 1200 ∘C and with
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a V/III ration of 2288 for 15 min. Two groups of conditions
were used for the growth of the first GaN layer: one at pres-
sure of 500 mbar (LP) and the other at 1013 mbar (HP). The
growth conditions are summarized in Table 1.

Table 1. Growth conditions of semipolar GaN.

Pressure/mbar Symbol Growth condition
1013 A 1190 V/III 305

B 1150 V/III 305
500 C 1190 V/III 305

D 1150 V/III 305

The surface morphology was investigated via SEM. The
dislocation, stack fault distribution, and growth mode were de-
termined by cathodoluminescence (CL) spectra with a 10 kV
accelerating voltage at room temperature. Both the CL and the
SEM were obtained by using a JEOL 4300 system and a Gan-
tan detector. An optical grating of 1200/µm was used for the
CL spectra. The photoluminescence (PL) measurement with
the 325 nm laser was also conducted at room temperature and
low temperature (77 K) respectively.

3. Results and discussion
The growth temperature and pressure affect the surface

morphology. Under the low pressure condition, a lot of

swollen triangles appear in the surface when the growth tem-
perature is 1150 ∘C, as shown in Fig. 1(c). The shape of the
swollen triangles is very regular, as illustrated in the inset of
Fig. 1(c). These swollen triangles consist of (10-11), (0-111),
and (0001) facets. With the growth temperature increasing
to 1190 ∘C, the density of the swollen triangles decreases, as
shown in Fig. 1(d). Under the HP condition, the swollen tri-
angles disappear and a lot of gaps appear between the strips.
The swollen triangle density decreases with increasing growth
temperature, as illustrated in Fig. 2(a). This trend is the same
as that under the low pressure condition. However, some voids
appear in the location of stripes connection positions as illus-
trated in Figs. 2(c) and 2(d). The cross-section of the avoids is
a triangle.

The CL is used to study the dislocation and stack fault
distribution. The dark lines indicate the dislocation connec-
tion location.[12] A lot of dislocations exist in the coalescence
location, as illustrated in Fig. 3(d). The dislocation and stack
fault will be generated when two stripes merge during growth,
because a tilt exists between the grain and the stripes. The dis-
location and stack faults continue to propagate perpendicular
to the c axis, and then extend to the surface. In the internal of
the stripes, the dislocation is seldom observed. The dislocation
density between the stripes is drastically decreased under the
HP condition. The optical property is measured by the

(a) (b)

(c) (d)

Fig. 1. (color online) SEM image shows the low pressure (500 mbar) growth of (10-11) GaN on the patterned Si (001) substrate with
different temperatures: panels (a) and (c) are the plan view SEM and cross-section SEM of the sample grown at 1150 ∘C; panels (b)
and (d) are the SEM images of the sample grown at 1190 ∘C.
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(a) (b)

(c) (d)

Fig. 2. SEM image shows the high pressure (1013 mbar) growth of (10-11) GaN on the patterned Si (001) substrate with different
growth temperatures: (a) plan view SEM and (c) cross-section SEM of the sample grown at 1190 ∘C, (c) plan view SEM and (d)
cross-section view SEM of the sample grown at 1150 ∘C.

(a) (b)

(c) (d)

Fig. 3. (color online) (a) Cross-section SEM and (b) CL image of samples grown at 1013 mbar and 500 mbar. (b) Cross-section SEM
and (d) CL image of the sample grown at 500 mbar. In panel (d), the red bars indicate that a lot of dislocations and stack faults gather
in the strips connection location.

photoluminescence. When the sample is grown under the HP

condition, the light emission intensity is nearly three times

larger than that grown under the LP condition. The full spec-

trum is shown in the inset of Fig. 4. Only near band emis-

sion appears. It means that the crystal quality is very good.

As shown in Fig. 4(a), except the sample grown with HP and
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at the temperature of 1190 ∘C, one shoulder peak appears at
375 nm. Some papers have reported that this shoulder origi-
nates from the dislocation and stack faults due to the coales-
cence of the strips.[13] The PL result is consistent with the re-
sults of CL. Under the HP growth condition, dislocations and
stack faults decrease. Hiramtsu investigated the growth mode
variation by changing pressure and temperature.[14] The tem-
perature and pressure affect the relative growth rates of the
facets. The {1-101} plane is N terminal facets. At low pres-
sure and low temperature, a lot of swollen triangles appear in
the surface. These swollen triangles consist of (10-11), (0-
111), and (0001) facets. When the temperature is increased,
the number of swollen triangles decreases because the {1-101}
surface nitrogen atoms become unstable at high temperature.
By increasing the pressure, it is also found that the swollen
triangles decrease. We speculate that the higher lateral growth
rate of GaN is higher than the vertical growth rate. Another
reason maybe H etching the N terminal {1-101} surface, so
these facets are unstable and decompose seriously under the
high temperature and high pressure condition. As shown in
Fig. 3(d), the cross-section CL images illustrate that the LP
growth sample has a distinct dark line between the stripes join
position after coalescing. The distinct dark line disappears
for the samples grown with HP. The obvious different features
may result from the difference in the growth mode. According
to the CL and the cross-section SEM, there may be two growth
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Fig. 4. (color online) (a) Room temperature PL and (b) low temperature
PL at 77 K. The full spectrum is shown in the inset.
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Fig. 5. (color online) (a) Proposed growth mode of (10-11) GaN growth
at 500 mbar, the dark line is the dislocation and the stack defects be-
tween the two strips connect position. (b) Proposed mode for (10-11)
GaN growth at 1013 mbar. (c) Enlarged cross-section SEM image for
the growth at 1013 mbar.

modes. Before the stripe coalescence, nearly all the stripes
have a trapezoid cross-section. For the samples grown with
pressure of 500 mbar, dislocations and stack faults extent
along the [00-11] direction and fix at the (000-1) facet in the
LP growth sample. Some researchers have also observed this
phenomenon by TEM.[15] Even after coalesced, those disloca-
tions and stack faults are also along the [00-11] direction and
a lot of new defects are generated in the interface between two
joined strips, as shown in Fig. 5(a). Those defects extend to
the surface and do not decrease with increasing the thickness.
The (0001) facet is Ga terminated facet and the (000-1) facet
is N terminated facet. Many researchers have also found that
a lot of dislocations and stack faults appear in the interface of
the Ga-plane and the N-plane in non-polar GaN.[16] Another
explaination is that two contact crystals have the same crystal
orientation and crystal axis, two adjacent crystals should coa-
lesce so that they may form a single domain. Unfortunately,
we could not have perfect coalescence and a lot of stack faults
are generated.[17] The HP growth mode is quite different. In
Fig. 4(c), a lot of voids are found in the corss-section SEM. As
the cross-section CL shown, the dislocation and stack fault do
not gather along the [00-11] direction and fix at the interface of
(000-1) and (0001) facets. We speculate the following growth
mode. The growth along the [-1012] direction is much faster
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than that along the [10-11] direction, as shown in Fig. 4(c).
In some positions, one strip vertical growth rate is lower than
that of two side strips. When they connect, the (-1011) facet
lateral growth is very fast. So the voids are generated when the
(-1011) facet meets with the other facets. The stack fault and
dislocation are much reduced due to the high lateral growth
rate. So after the two strips connect, the added dislocation
and stack faults at the interface of the two strips are much re-
duced. Under the HP condition, the PL emission intensity is
much higher than that of the sample grown at low pressure, as
illustrate in Fig. 4(a). In the bulk GaN, the PL emission den-
sity is determined by the band gap recombination and radiative
recombination. This suggests that the non-radiative recombi-
nation center concentration is larger in the LP growth sam-
ples. The growth temperature and pressure affect the carbon
and oxygen impurities concentration. Compared with the low
temperature PL, the emission peaks at 380.6 nm and 390.3 nm
are very obvious in the low pressure sample. These two peaks
are related to the stack faults and dislocations.[11] Some re-
searchers have reported that the deep levels and nonradioac-
tive recombine centers are related to the C, O impurities and
complexes.[18,19]

4. Conclusion
Growth of (10-11) GaN on patterned Si substrates under

different pressures has been investigated. The coss-section
SEM and CL show that the growth mode is affected by the
pressure. Under the LP growth condition, the dislocation and
extended stack faults gather in the interface between (0001)
and (000-1) facets. Under the HP condition, after the strips
connect, the dislocation and stack fault are much less. The
room temperature PL results show that the PL emission inten-
sity of the sample grown at the HP condition is three times
larger than that grown at the LP condition. The PL measure-

ment at 77 K shows that the defect-related peaks 380.6 nm and
390.3 nm are much stronger in the low pressure sample. This
means the crystal quality is improved in HP growth conditions.
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