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Abstract—Effects of spontaneous polarization on electronic and
optical properties of ultraviolet (UV) Bx Aly Ga1−x−y N/AlN quantum well (QW) structures were using the multiband effectivemass theory. The spontaneous emission peak begins to decrease
when the boron composition exceeds a critical value. The critical
value is found to increase rapidly with decreasing the absolute
value of the spontaneous polarization constant. In addition, the
light intensity is reduced with decreasing spontaneous polarization. However, the spontaneous emission peak of BAlGaN/AlN
QW structures is found to be greatly improved with the inclusion
of the boron, irrespective of the spontaneous polarization. Hence,
we expect that BAlGaN/AlN QW structures can be used as
a high-efficiency light source for optoelectronic applications in
ultraviolet spectral region.
Index Terms—BAlGaN, AlN, quantum well, light-emitting
diode, polarization

I. I NTRODUCTION

T

He group-III nitrides have attracted special attention
with respect to their application in light-emitting devices
operating in the visible and ultraviolet (UV) spectral regions
[1]. Among them, AlGaN-based light-emitting diodes (LEDs)
emitting in the UV spectral range has been highly attractive
to researchers for its wide applications such as biomedicine,
fluorescence spectroscopy, photolithography, optical data storage, and purification or sterilization of air and water [2],
[3]. The performance of UV LEDs has markedly increased
due to the improved quality of high-Al-composition AlGaN
layers and also the optimization of LED designs. However,
several obstacles still impede further improvement for higher
performance UV LEDs [4]. One of the major challenges is
the large internal fields induced by the lattice mismatch in the
active region. This results in the reduction in the radiative
recombination rate and serious electron leakage out of the
active region.
Recenlty, the BAlGaN system has been proposed to reduce
the lattice mismatch in the active region because the growth
of the lattice-matched BAlGaN quaternary system to AlN is
possible with the inclusion of the small boron ( < 12 %)
[5]–[8]. The maximum boron contents up to 13 % and 9
% were demonstrated experimentally for BAlN and BGaN,
respectively [5]. On the theoretical side, Dreyer et al. [9]
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repoted that the magnitude ( -2.174 C/m2 ) of the spontaneous
polarization for wurtzite BN is significantly larger than that
for the other III nitrides. This value is about thirty times
larger than that of AlN. On the other hand, no experimental
data to compare this prediction with are avaliable. Hence,
an investigation of spontaneous polarization effects on electronic and optical properties of UV Bx Aly Ga1−x−y N/AlN QW
structures will be very useful for the design of the BAlGaNbased active region because their light emission characteristics
are significantly affected by the internal field related to the
spontaneous polarization.
In this research, we investigate light emission characteristics as a function of spontaneous polarization for UV
Bx Aly Ga1−x−y N/AlN QW structures using the multiband
effective-mass theory and non-Markovian model. Here, we
consider the free carrier model with the band-gap renormalization. We assume that a BAlGaN/AlN QW structure is grown
on a thick AlN buffer layer and the well width of the active
layer is fixed to 2.5 nm. The self-consistent (SC) solutions are
obtained by solving the Schrödinger equation for electrons, the
block-diagonalized 3 × 3 Hamiltonian for holes, and Poisson’s
equation iteratively [10], [11]. The expression for the nonMarkovian spontaneous emission spectrum gsp (ω) is given in
Refs. [12] and [13]. The material parameters for GaN and AlN
used in the calculation were taken from Refs. [14], [15] and
references therein. The parameters for Bx Aly Ga1−x−y O are
obtained from the linear combination between the parameters
of BN, AlN, and GaN. However, several material parameters
for BN are not well known and we assumed its parameters
to be equal to those of AlGaN as a first approximation in the
case of a lack of published data.
II. R ESULTS AND DISCUSSION
Figure 1 shows (a) strain and (b) internal field in the well as
a function of the boron composition for Bx Aly Ga1−x−y N/AlN
QW structures (Lw =2.5 nm, y=0.2) with several spontaneous
polarization constants. The well is under the compressive
strain for the conventional AlGan/AlN QW structure. The
compressive strain is reduced gradually with increasing boron
composition in the well because of the reduction in the lattice
mismatch between the well and the substrate with the inclusion
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Fig. 1. (a) Strain and (b) internal field in the well as a function of the boron
composition for Bx Aly Ga1−x−y N/AlN QW structures (Lw =2.5 nm, y=0.2)
with several spontaneous polarization constants.
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the bandgap energy and the internal field. We know that the
spontaneous emission peak of BAlGaN/AlN QW structures is
found to be greatly improved with the inclusion of the boron.
In particular, the light intensity of the QW structure with
x=0.03 is about four times larger than the conventional QW
structure. However, the spontaneous emission peak begins to
decrease when the boron composition exceeds a critical value,
for example, x=0.03 for y=0.2. On the other hand, the critical
value significantly depends on the spontaneous polarization.
That is, it rapidly increases with decreasing the absolute value
of the spontaneous polarization constant. We know that the
light intensity is also reduced simultanelusly with decreasing
Psp .
III. S UMMARY
In summary, effects of spontaneous polarization on electronic and optical properties of UV Bx Aly Ga1−x−y N/AlN
QW structures were using the multiband effective-mass theory
and non-Markovian model. The spontaneous emission peak of
BAlGaN/AlN QW structures is found to be greatly improved
with the inclusion of the boron, irrespective of the spontaneous
polarization. However, the spontaneous emission peak begins
to decrease when the boron composition exceeds a critical
value. The critical value significantly depends on the spontaneous polarization.
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Fig. 2. (a) Spontaneous emission coefficients for Bx Aly Ga1−x−y N/AlN
QW structures (PSP = −2.174C/m2 , y=0.2) with several boron compositons and (b) peak intensities as a function of the boron composition
for Bx Aly Ga1−x−y N/AlN QW structures (y=0.2) with several spontaneous
polarization values.

of the boron. That is, the the lattice constant in the well is
decreased with increasing boron composition. As a result,
the well is lattice-matched to the barrier or the substrate
for the QW structure with a particular boron composition.
For y=0.2 (Al composition), the boron composition to give
the lattice-matched condition is 0.094. The internal field is
shown to depend on the spontaneous polarization significantly.
With increasing boron composition, the internal field rapidly
decrease, becomes zero, and begins to increase. The boron
composition to give zero internal field greatly depends on
the magnitude of the spontaneous polarization constant. That
is, it rapidly decreases with increasing the magnitude of the
spontaneous polarization constant.
Figure 2 shows (a) spontaneous emission coefficients for
Bx Aly Ga1−x−y N/AlN QW structures (PSP = −2.174C/m2 ,
y=0.2) with several boron compositons and (b) peak intensities as a function of the boron composition for
Bx Aly Ga1−x−y N/AlN QW structures (y=0.2) with several
spontaneous polarization values. Spontaneous emission spectra
are obtained at a sheet carrier density of N2D = 20 ×
1012 cm−2 . The peak wavelength of the conventional AlGaN/AlN QW structure with the Al composition of 0.2 is
shown to be about 315 nm. It is shifted to the short wavelength
with increasing boron composition because of the increase in

This research was supported by Basic Science Research
Program through the National Research Foundation of Korea(NRF) funded by the Ministry of Education, Science and
Technology(2015R1D1A1A01057110) and partially by the
ICT R&D program of MSIP/IITP [R0190-15-2030 , Reliable
crypto-system standards and core technology development for
secure quantum key distribution network].
R EFERENCES
[1] S. Nakamura and G. Fasol, The Blue Laser Diode (Springer, Berlin,
1997).
[2] H. Hirayama, Y. Enomoto, A. Kinoshita, A. Hirata, and Y. Aoyagi,
Appl. Phys. Lett. 80, 37 (2001).
[3] Y. Taniyasu, M. Kasu, and T. Makimoto, Nature (London) 441, 325
(2006).
[4] Y.-H. Lu, Y.-K. Fu, S.-J. Huang, Y.-K. Su, K. L. Wang, M. H. Pilkuhn,
and M.-T. Chu J. Appl. Phys. 115, 113102 (2014).
[5] T. Takano, M. Kurimoto, J. Yamamoto, and H. Kawanishi, J. Cryst.
Growth 237, 972 (2002).
[6] S. Watanabe, T. Takano, K. Jinen, J. Yamamoto, and H. Kawanishi,
Phys. Stat. Sol. (c) 0, 2691 (2003)
[7] S.-H. Park, Opt. Express 23, 3623 (2015).
[8] S.-H. Park and D. Ahn, Appl. Phys. Express 9, 021001 (2016).
[9] C. E. Dreyer, J. L. Lyons, A. Janotti, and C. G. Van de Walle, Appl.
Phys. Express 7, 031001 (2014).
[10] S. L. Chuang, Physics of Optoelectronic Devices ( Wiley, New York,
1995), Chap. 4.
[11] S.-H. Park and S. L. Chuang, Appl. Phys. Lett. 72, 3103 (1998).
[12] D. Ahn, Prog. Quantum Electron. 21, 249 (1997).
[13] S.-H. Park, S. L. Chuang, J. Minch, and D. Ahn, Semicond. Sci. Technol. 15, 203 (2000).
[14] S.-H. Park, J. Appl. Phys. 110, 063105 (2011).
[15] S.-H. Park, Y.-T. Moon, D.-S. Han, J. S. Park, M.-S. Oh, and D. Ahn,
Appl. Phys. Lett. 99, 181101 (2011).

130

