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ABSTRACT: In the InGaN multiple quantum wells (MQWs), V-shaped pits
play a crucial role in carrier transport, which directly affects emitting efficiency.
First-principles calculations are applied to investigate the formation of the V-
shaped pits, and the results indicate that they are inclined to form in the N-rich
environment. Meanwhile, we calculate the interfacial electronic properties of
the sidewalls of the V-shaped pits with varying indium (In) and magnesium
(Mg) compositions. The calculated valence band offset (VBO) of the
In0.3Ga0.7N/Ga0.94Mg0.06N (0001) is 0.498 eV, while that of the
In0.07Ga0.93N/Ga0.94Mg0.06N (101̅1) is 0.340 eV. The band alignment results
show that the valence band edges in the Ga1−yMgyN layer are in higher energy
than in the InxGa1−xN layer. These are in good agreement with the values
reported in the previous numerical simulation. Moreover, the calculation of the
projected density of states (PDOS) of interfaces discloses that the strong
hybridization between the N 2p orbital and the Mg 2p orbital exerts a vital
influence on the upward shifts of the valence band edges in the superlattices (SLs). All these results reveal that holes are easier to
inject into the quantum wells (QWs) via the sidewall of V-shaped pits rather than the c-plane QWs, providing a theoretical basis for
the growth of InGaN MQWs samples containing V-shaped pits.

1. INTRODUCTION
The III−V nitride semiconductor GaN and its alloy InGaN,
owing to their excellent performance, have exhibited brilliant
performance in the fields of lighting, displays, and other
areas.1−4 However, a high density of threading dislocations
(TDs) will be generated during the epitaxy process of multiple
quantum wells (MQWs) because of the poor matching in the
lattice parameter and the thermal expansion coefficient
between the epi-layer and foreign substrate.5,6 As reported by
many literature studies, V-shaped pit defects with six {101̅1}-
oriented sidewalls are generated from TDs.7−12

As for the effect that V-shaped pits have on the emission
efficiency of the MQWs, tremendous efforts have been exerted,
and there are some controversial views. Some researchers hold
that the V-shaped pits along with the TDs behave as
nonradiative recombination (NR) centers and provide a
leakage current pathway; thus, it is essential to suppress the
growth of the V-shaped pits.13−17 On the other hand, as
reported by many researchers, the V-shaped pits have positive
effects on increasing the internal quantum efficiency (IQE).
For example, Hangleiter et al. put forward that the V-shaped
pits can suppress NR around TDs. The narrower sidewall
quantum wells (QWs) of V-shaped pits (for convenience,
called sidewall QWs in the following) and the lower indium

(In) composition of sidewall QWs provide an effective band
barrier which can prevent the carriers from NR.18 Sub-
sequently, researchers realized the positive effect of the V-
shaped pits and used this theory to explain why low-
dislocation-density AlGaInP light-emitting diodes (LEDs)
have low luminous efficiency, while high-dislocation-density
InGaN LEDs exhibit high luminous efficiency.19

A number of researchers subsequently confirmed this
screening effect of the V-shaped pits through experimental
measurements20−23 and some studies found that the sample
with V-shaped pits exhibited higher output power than the one
without.5,24 Moreover, to improve IQE, many studies are
devoted to getting an optimized size of V-shaped pits by
changing superlattice (SL) periods25−27 and SL growth
temperature.27,28 For example, Chang et al.25 explored the
effect of V-shaped pit size on the IQE of the InGaN/GaN
MQWs by varying the number of SL periods. They concluded
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that the optimal size of a V-shaped pit is approximately 200−
250 nm for MQWs with 15 SL periods. Meanwhile, there are
also literature studies dedicated to researching the screening
efficiency of V-shaped pits of different sizes.21,22 Kim et al.
conducted monochromatic cathodoluminescence (CL) re-
search and observed that the dark region in small V-shaped
pits is about eight times as large as their physical sizes while it
is about the same in the large pits.22 The regional brightness
represents the higher intensity of radiative recombination in
the CL research;29,30 thus, they held that the energy barrier
provided by different sizes of V-shaped pits is different. Cho et
al. found that the NR can be suppressed effectively when the
energy barrier height is larger than about 80 meV.21 These
researches indicate that V-shaped pits can significantly improve
IQE, and several groups5,31−34 have conducted plenty of
thorough studies on the mechanism.
By growing InGaN/GaN blue MQWs and measuring the

electroluminescence spectra, Li et al. investigated the effect
that the V-shaped pits have on hole injection.31 They found
that the large V-shaped pits are of great importance for the
hole injection depth. By numerical simulation, Quan et al.
reported that V-shaped pits can promote hole injection and
thus enhance the optical performance of the GaN-based
MQWs.5 In addition, Li et al. employed three-dimensional
numerical modeling to study the influence of the V-shaped pits
on the current path, which showed that current can flow and
be injected into the deeper lateral QWs through the sidewalls
of V-shaped pits.34

However, there has been no relevant report studying the
interfacial physical properties of sidewall QWs. Studying the
interfacial electronic properties is of great significance for
understanding the mechanism of V-shaped pits in promoting
hole injection and providing theoretical guidance in the
experimental growth manipulation of V-shaped pits exper-
imentally.
In this work, first-principles calculations are performed to

investigate the formation of V-shaped pits; meanwhile, the
physical properties of their sidewall QWs are studied to explore
the mechanism of V-shaped pits in promoting hole injection.
First, we calculate the formation energy of three sizes of V-
shaped pits and the band alignment of Ga1−yMgyN and the
sidewall QWs (the top QW) interfaces. Then, to further
understand the band alignment results, we perform projected
density of states (PDOS) and polarization electric field
calculation. In the end, we discuss the effect of V-shaped pits
on hole injection by constructing an energy-band diagram
(Figure 1).

2. MODELS AND CALCULATION METHODS
2.1. Models. A supercell of 6 × 6 × 5 GaN (0001) surface

slab that contains 396 atoms is constructed by using the plane
slab method. To discuss the formation mechanism of V-shaped
pits in InGaN MQWs, three sizes of V-shaped pits that are
defined as V1 (slab model with one Ga vacancy), V3 (slab
model with four Ga vacancies and one N vacancy), V5 (slab
model with 11 Ga vacancies and four N vacancies),
respectively, are established, as displayed in Figure 2.
Meanwhile, all these V-shaped pits are N-terminated.35−38 A
vacuum region of 13 Å is set in these GaN (0001) surface slab
models, and the pseudohydrogen atoms with 0.75 e− are used
to passivate the bottom N dangling bonds. Additionally, the
pseudohydrogen atoms and bottom two bilayers of GaN are
fixed while the rest are enabled to relax during the calculation.

To further investigate the interfacial properties of the
sidewall QWs and the Ga1−yMgyN layer, the InxGa1−xN/
Ga1−yMgyN(101̅1) superlattices (SLs) are established on a
288-atom 2 × 2 × 18 wurtzite supercell. Here, we consider the
In compositions of 0 ≤ x ≤ 0.3 for InxGa1−xN in the (101̅1)
SLs and two magnesium (Mg) doping concentrations for
Ga1−yMgyN, i.e., Ga0.94Mg0.06N and Ga0.9Mg0.1N. To compare
with the above semipolar SLs, we also calculate the interfaces
between the top layer in the c-plane QWs and the Ga1−yMgyN,
i.e., GaN/Ga1−yMgyN (0001) and In0.3Ga0.7N/Ga1−yMgyN
(0001) interface, as shown in Figure 3a.
2.2. Density Functional Calculations. In this work, first-

principles calculations based on density functional theory
(DFT) are performed to explore the formation mechanism of
V-shaped pits and the interfacial electrical properties of SLs.
The Vienna ab initio simulation package (VASP)39 with the
Perdew−Burke−Ernzerhof (PBE) of generalized gradient
approximation40 is used. The energy cutoff is set to 450 and
650 eV for defect and interfacial calculations, respectively. A 2
× 2 × 1 Monkhorst−Pack mesh is used in the first Brillouin
zone41 for both calculations. The 3d electrons of Ga and In are
regarded as valence electrons. The convergence standard of all
of the structural optimizations is 0.05 eV/Å on relaxed atoms
for the Hellmann−Feynman forces. For the energy con-
vergence criteria, we set 1 × 10−3 and 1 × 10−4 eV for the
calculation of slab and SLs models, respectively. Besides, to
calculate the band alignment naturally, the in-plane lattice
constants are set to fix, and the out-of-plane lattice constants
relax during the atomic relaxation.
2.3. Methodology of Defect Calculation. The formation

energy of a defect42,43 can be written as

H E E n n(defect) (host)f tot tot Ga Ga N N= + + (1)

where Etot(host) is the total energy of the surface slab model
without defect and Etot(defect) is the total energy of the same
surface slab model with a defect. n = (nGa, nN) represents the
number difference of Ga/N atoms between the defect model
and the perfect model. When under extremely Ga-rich
conditions, the Ga chemical potential μGa reaches its
maximum, μGa = μGa[bulk]. In the same way, the maximum
value of the N chemical potential is μN[Nd2]. For GaN to be
thermodynamically stable, μN is restricted to the following
expression

Figure 1. Schematic structure of InGaN/GaN MQWs with a V-
shaped pit embedded. It is worth noting that the pit is filled by the
GaMgN layer. The red arrows represent the flat injection and sidewall
injection of holes.
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E GaNGa N tot+ = [ ] (2)

where Etot[GaN] is the total energy of the bulk GaN.
According to the above formula, the minimum of μGa is
determined. Moreover, the total energy of GaN is given by

E HGaN GaNtot Ga bulk N N f2
[ ] = + + [ ][ ] [ ] (3)

where ΔHf[GaN] is the formation enthalpy. Our calculated
ΔHf[GaN] is −1.38 eV, being accordance with previous
reports.43−46

2.4. Methodology of the Band Alignment. The average
potential alignment method47,48 is employed to calculate the
band alignment of interfaces. The valence band offset (VBO) is
expressed as

Figure 2. Atomic configurations of Structure A in Figure 1. Calculated slab models of (a) V1, (b) V3, and (c) V5 of V-shaped pits. (d−f)
Configurations that are formed by the vacancies in (a−c). The numbers 1−3 in (a−c) represent the three N atomic layers from top to bottom. Line
1 (2) in (a) is connected by the two atomic coordinates along the c direction (the bottom fixed N atom and the relaxed N atom in the 1/2/3 layer
before (after) atomic relaxation).

Figure 3. Interface atomic structures of (a) Structure B1 in Figure 1, the polar SL InxGa1−xN/Ga1−yMgyN (0001) and (b) Structure B2 in Figure 1,
the semipolar SL InxGa1−xN/Ga1−yMgyN (101̅1).
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E E VVBO ( )V
B

V
A= + (4)

and the conduction band offset (CBO) is given by

ECBO VBOg= (5)

Here, EVA(EVB) represents the difference between the valence
band maximum (VBM) and the average electrostatic potential
of the bulk A(B). ΔV represents the potential alignment from
the self-consistent calculation of the interface. ΔEg is the
difference in the energy gaps of the two independent bulk
materials. Typically, when extracting the averaged electrostatic
potential on both sides of the SLs, a bulk-like region far from
the interface is chosen.

3. RESULTS AND DISCUSSION
3.1. Formation of the V-Shaped Pits. As listed in Table

1, the formation energies of V-shaped pits of three different

sizes are obtained under Ga-rich and N-rich environments. It is
found that the pits of all three sizes tend to form in the N-rich
environment. It can be explained by that N atoms are more
likely to bond with Ga atoms in the Ga-rich environment. In
the N-rich environment, the N-terminated facet is more likely
to form, providing a great environment for the growth of
sidewall QWs. Although there are reports claiming that a low
V/III ratio is preferable for V-shaped pits to grow, the V/III
ratio in epitaxial growth is always larger than 10 and even
reaches the order of thousands.49−52 This rather high ratio
indicates that the environment is still N-rich. Our calculated
results are consistent with those of these reports. Thus, we
hold that the V-shaped pits are inclined to form in the N-rich
environment.
Based on structural analysis after atomic relaxation, we find

that the semipolar {101̅1} is relatively stable. This is obtained
indirectly by measuring the angle between line 1 and line 2 in
Figure 2a, and the results are listed in Table 2. The relaxed N

atoms in Figure 2a are those closest to the V-shaped pits, and
the angle is the average value of 1−3 atomic layers. This result
indicates the good stability of the (101̅1) facet because the
maximum difference between before and after atomic
relaxation is only 0.5°. This can be well explained why the
V-shaped pits exhibit {101̅1} facets instead of other facets in
experiment.7−11 Furthermore, the maximum values of the three
structures all appear in the measurement data of the bottom

layer, and the farther away from the bottom layer, the smaller
the value is. This can be ascribed to the mutual repulsion
between the same atoms. Taking the V5 model as an example,
in the third layer, the distance between the nearest N atoms
around the pit is the smallest, and the resulting repulsive force
leads to large changes in the atomic positions. From the third
layer to the first layer, the measured value decreases as the
repulsive force decreases. Therefore, it can be concluded that
the {101̅1}-oriented sidewall QWs have good stability.
3.2. Interfacial Property. The band alignment calculation

is a major and direct way to study carrier transport. The
conduction and valence band edges of InxGa1−xN/Ga1−yMgyN
(0001) and InxGa1−xN/Ga1−yMgyN (101̅1) interfaces with
varying In and Mg compositions are all plotted in Figure 4.
Moreover, these figures present several characteristics: (1)
both the value of VBO and CBO are increasing with the
increased In and Mg compositions for both polar and
semipolar SLs; (2) the VBO in semipolar SLs is smaller than
that in polar SLs under the same In and Mg compositions; (3)
all VBO values are positive. The first feature can be explained
by polarization electric fields and orbital hybridization,53−56

which will be discussed in detail later. Combining the second
and third features, it can be concluded that for both polar and
semipolar SLs, there is an energy barrier for holes from the
Ga1−yMgyN to inject into the QWs. The energy barriers of
polar SLs are obviously larger than that of semipolar SLs.
Taking In0.07Ga0.93N/Ga0.94Mg0.06N (101̅1) and In0.3Ga0.7N/
Ga0.94Mg0.06N (0001) as examples, the energy barrier height
for holes from Ga1−yMgyN to inject into the sidewall QWs is
0.340 eV, while that for c-plane QWs is 0.498 eV. This is
extremely consistent with the simulation results of Quan et al.5

Therefore, we can conclude that holes from the Ga1−yMgyN
layer are easier to inject into the sidewall QWs of the V-shaped
pits than into the c-plane QWs.
To further investigate the underlying reason for the increase

in VBO with increasing In and Mg compositions, the layer-
projected DOS (LDOS) for GaN/Ga1−yMgyN (0001), GaN/
Ga1−yMgyN (101̅1), In0.3Ga0.7N/Ga1−yMgyN (0001) and
In0.07Ga0.93N/Ga1−yMgyN (101̅1) (y = 0.06, 0.1) results are
obtained in Figure 5. From these LDOSs, it is found that the
polarization electric fields increase with the increasing In and
Mg compositions in both polar SLs and semipolar SLs.
Meanwhile, the calculated polarization electric field data in
Table 3 are in good agreement with the above finding.
Moreover, the higher the In composition, the larger the SL
thickness and polarization electric fields. The former can be
attributed to the longer bond length of In−N than Ga−N. The
latter can be ascribed to the lattice mismatch between the
Ga1−yMgyN and InxGa1−xN which leads to strong strain-
induced piezoelectric polarization. The same is true for
AlxGa1−xN/GaN(0001) interfaces reported by Zhao et al.

57

Besides, under the same In and Mg compositions, the
polarization electric fields in polar SLs are apparently stronger
than those of semipolar ones. This is because the spontaneous
polarized field caused by the noncoincidence of positive and
negative charge centers is stronger in polar SLs. Semipolar
sidewall QWs, lower In composition, and thinner QWs, these
unique characteristics of the V-shaped pits reduce its
polarization electric field, leading to smaller band bending at
the interfaces of semipolar SLs. These findings are very
consistent with the above band alignment results, which show
that holes from the Ga1−yMgyN layer are easier to inject into

Table 1. Calculated Formation Energies (in eV) of V-
Shaped Pits of Three Sizes

geometry of the V-shaped pit

formation energy (eV)

Ga-rich N-rich

V1 −3.9444 −5.3268
V3 0.1382 −4.0090
V5 10.7714 1.0946

Table 2. Angle Values (in °) between Line 1 and Line 2 for
Each 1−3 Layer (in Figure 2) of Three Sizes of V-Shaped
Pits

geometry of the V-shaped pit 1st layer 2nd layer 3rd layer

V1 0.03
V3 0.04 0.50
V5 0.03 0.17 0.32
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the flat QWs via the sidewall of the V-shaped pits rather than
the c-plane QWs.
Additionally, we conduct site-decomposed DOS calculations

as well to understand the electron aggregations. Clearly, in all
configurations shown in Figure 6, the obvious peaks near the
Fermi level indicate that the 2p states of N are more inclined to
bond with the 2p states of Mg than with Ga. The above-
mentioned peaks also mean that there is strong hybridization
between the N 2p orbital and the Mg 2p orbital, which is
consistent with the calculation results of Li et al.58 for
Al0.5Ga0.5N:Mg/GaN SL. The DOS distribution is affected by
the bonding of Mg and N atoms, which directly shift the
valence band edges of all SLs toward higher energy. Moreover,
as shown in Figure 5, the above shift tends to be larger as the
Mg doping composition increases, resulting in a larger VBO.
Meanwhile, this phenomenon explains well how the strong
hybridization between the N 2p orbital and Mg 2p orbital
results in higher energy of valence band edges in the
Ga1−yMgyN layer than in the InxGa1−xN layer. Therefore, the
VBO of InxGa1−xN/Ga1−yMgyN is positive, both in semipolar
and polar SLs, as displayed in Figure 4.

The energy-band diagram is used to discuss the role of V-
shaped pits in carrier transport. Figure 7 depicts a schematic
energy diagram of the carrier recombination process around a
TD with small or large V-shaped pits. In the InGaN/GaN
MQWs, carriers tend to diffuse laterally until they
recombine.59,60 There are several possible cases of the lateral
diffusion of carriers. First, these carriers can recombine
radiatively in the flat QWs. Second, in Figure 7c, it is found
that they are likely to be captured by NR centers like TDs
without V-shaped pits.61 Third, near a TD with a small V-
shaped pit, carriers are likely to be captured by TDs and
eventually recombine nonradiatively. If the carriers diffuse to
the vicinity of the TD with a larger V-shaped pit, the lateral
diffusion of carriers to the TD can be greatly suppressed,
thereby reducing the NR rate, which is in sharp contrast to the
small V-shaped pits. The lower In composition in the sidewall
QWs leads to a wider energy gap, which means that the
valence band of sidewall QWs is in lower energy. There is an
energy barrier for holes from the higher-energy flat QWs to
diffuse laterally to the lower-energy sidewall QWs, which is the
screening effect of V-shaped pits. Besides, Kim et al. found that

Figure 4. Conduction and valence band edges of (a) InxGa1−xN (0001) and (b) InxGa1−xN (101̅1) relative to the band edges of Ga0.94Mg0.06N.
Conduction and valence band edges of (c) InxGa1−xN (0001) and (d) InxGa1−xN (101̅1) relative to the band edges of Ga0.9Mg0.1N.
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the V-shaped pits of different sizes provide different energy
barriers.22 This can be explained by the fact that the valence

band of smaller V-shaped pits is higher in energy than the
larger one, as shown in Figure 7c. Therefore, in the process of

Figure 5. Layer-projected densities of states for (a) GaN/Ga0.94Mg0.06N (0001), (b) GaN/Ga0.94Mg0.06N(101̅1), (c) In0.3Ga0.7N/Ga0.94Mg0.06N
(0001), (d) In0.07Ga0.93N/Ga0.94Mg0.06N (101̅1), (e) GaN/Ga0.9Mg0.1N (0001), (f) GaN/Ga0.9Mg0.1N (101̅1), (g) In0.3Ga0.7N/Ga0.9Mg0.1N
(0001), and (h) In0.07Ga0.93N/Ga0.9Mg0.1N (101̅1). The Fermi level is set to 0 eV and denoted with black dashed lines.

Table 3. Calculated SL Thickness (Å) and Polarization Electric Field E (MV/cm) of Polar and Semipolar SLs with Different In
and Mg Compositionsa

direction [0001] [101̅1]

In composition (%) 0 30 0 3 4 5 7 10 15 20 25 30

p1_l 47.30 48.42 44.27 44.55 44.61 44.74 44.73 45.13 45.57 46.00 46.35 46.82
|p1_EIndxGad1−xN| 0.46 0.98 0.38 0.46 0.51 0.53 0.56 0.60 0.65 0.68 0.70 0.78

|p1−EGaMgN| 0.96 1.36 0.45 0.66 0.74 0.82 0.86 1.00 1.05 1.11 1.21 1.34
p2_l 47.16 48.50 44.27 44.62 44.68 44.73 44.82 44.91 45.12 45.35 45.54 45.75
|p2_EIndxGad1−xN| 0.13 1.36 0.03 0.09 0.11 0.18 0.26 0.30 0.54 0.78 0.92 1.14

|p2_EGaMgN| 2.89 3.22 2.84 2.88 2.94 3.01 3.03 3.06 3.16 3.20 3.31 3.32
aThe lower Mg composition is denoted as P1, and the higher is denoted as P2.
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lateral diffusion of holes to TDs, smaller pits can only provide a
lower energy barrier to prevent the holes. When the excitation
energy reaches a certain value, holes can be easily captured by
TDs, as depicted in Figure 7c.
Apart from screening dislocations, the V-shaped pits serve as

a new path for holes to inject into the flat QWs as well. It is a
common difficulty that the hole density distribution in
different QWs is nonuniform. Due to the low mobility of
holes, most of them are located in the top QW and are difficult
to inject downward into the QWs below. Additionally, as
depicted in Figure 7b, due to the strong polarization electric
fields, which will lead to the quantum confined Stark effect
(QCSE),62−64 electrons and holes are separated spatially,
which is detrimental to the luminous efficiency. However, the
presence of V-shaped pits can effectively alleviate these two
tough problems. Li et al. investigated the effect of InGaN
MQWs embedded with V-shaped pits on carrier transport
through 3D numerical modeling.34 They found that when the
hole current density is 1 A/cm2, the hole is mainly distributed
in the top and the third QW because of the top injection and
sidewall injection. This means that the V-shaped pits are
another way for holes to be injected into the flat QWs. While
the hole current density increases to 20 A/cm2, the hole
concentration in the third and the fourth QW increases
obviously. Holes need less excitation, i.e., a smaller energy

barrier, to inject into the flat QWs via the sidewall QWs;
therefore, the hole concentration in the third and fourth QW
increases evidently. This indicates that V-shaped pits can
alleviate the problem of severe carrier spatial separation, help
the hole concentration distribution in the flat QWs be more
uniform, and ultimately improve the emission efficiency, as
shown in Figure 7c.
Although larger V-shaped pits can provide a higher energy

barrier to suppress NR and promote the uniformity of hole
density distribution to a large extent in flat QWs, the excessive
size will bring about negative effects, as well. Such as poor
optical output of LEDs5 or the positive effect of V-shaped pits
on efficiency droop will decrease when the pit diameter
exceeds 150 nm.26 Consequently, both the density and size of
the V-shaped pits need to be cautiously designed for MQWs
with such pits embedded.

4. CONCLUSIONS
In summary, the formation of the V-shaped pits and electronic
properties of interfaces between Ga1−yMgyN and the sidewall
of the pits are investigated by employing first-principles
calculations. The formation energies of V-shaped pits of
three sizes indicate that they are inclined to form in the N-rich
environment. Furthermore, the analysis of the relaxed
configuration of the V-shaped pits shows good stability of

Figure 6. Site-decomposed DOS of (a) In0.3Ga0.7N/Ga1−yMgyN (0001) and (b) In0.07Ga0.93N/Ga1−yMgyN (101̅1) (y = 0.06,0.1). The N/Ga atoms
here are the nearest atoms around the Mg atoms. The Fermi level is set to 0 eV and is denoted with black dashed lines.

Figure 7. (a) Schematic diagram of the epitaxial structure of an InGaN-based LED embedded with large or small V-shaped pits. Energy-band
diagram of (b) electron path and hole path 1 and (c) hole path 2 and lateral diffusion in (a). The quantum well thickness of flat QWs (sidewall
QWs) is a (a/3) nm, and the quantum barrier thickness of flat QWs (sidewall QWs) is b (b/3) nm.
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the (101̅1) facet. To further explore the effect of V-shaped pits
on hole injection, the band alignment of the interfaces is
studied. The VBO in the In0.3Ga0.7N/Ga0.94Mg0.06N (0001) is
0.498 eV, while that in the In0.07Ga0.93N/Ga0.94Mg0.06N (101̅1)
is 0.340 eV. Meanwhile, these band alignment results of the
interfaces disclose that the valence band edges are in higher
energy in the Ga1−yMgyN layer than in the InxGa1−xN layer.
Besides, to understand the underlying reason for the band
alignment results, the PDOS and polarization electric field
calculations are performed. The PDOS results imply that the
strong hybridization between the N 2p orbital and Mg 2p
orbital makes a big difference in the upward shifts of the
valence band edges in the SLs. These phenomena reveal that
holes are easier to inject into the flat QWs via the sidewall of
V-shaped pits rather than the c-plane QWs and provide a
theoretical basis for the growth of InGaN MQWs samples
containing V-shaped pits.
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