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In this work we calculate the transition energy from the first level of holes to the first level of electrons(1h−1e) for cubic InxGa1−xN/InyGa1−yN
quantum wells. We employ the empirical tight binding approach with ansp3s∗ orbital basis, nearest neighbors interactions and the spin-orbit
coupling, together with the surface Green function matching method. We obtain the tight binding parameters of the alloy from those of the
binary compounds GaN and InN using the virtual crystal approximation. We study the transition energy behavior varying the well width for
three sets of concentrations:x = 0.15, y = 0.02; x = 0.3, y = 0.02 andx = 0.3, y = 0.05, taking into account the strain in the well. For
the third set of concentrations, we make the calculations using values for the band offset of30% and50%. For the first two, we use30%.

Keywords: Quantum wells; semiconductor nitrides.

En este trabajo calculamos la energı́a de transicíon entre el primer nivel de huecos y el primero de electrones(1h − 1e) en pozos cúanticos
de InxGa1−xN/InyGa1−yN con estructura ćubica. Los ćalculos los realizamos mediante la aproximación emṕırica de amarre fuerte (tight
binding) con una base de orbitales atómicossp3s∗, interaccíon a primeros vecinos e incorporando el acoplamiento espı́n-órbita, en conjunto
con el ḿetodo de empalme de las funciones de Green de superficie. Los parámetros de amarre fuerte de la aleación los obtuvimos a partir
de los paŕametros de los compuestos binarios GaN e InN usando la aproximación del cristal virtual. Analizamos el comportamiento de la
enerǵıa de transicíon como funcíon del ancho del pozo para tres conjuntos de concentraciones:x = 0.15, y = 0.02; x = 0.3, y = 0.02, y
x = 0.3, y = 0.05 tomando en cuenta la deformación eĺastica en el pozo. Para el tercer conjunto de concentraciones, el cálculo lo realizamos
con valores del band offset de30% y 50% en las bandas de valencia. Para los dos primeros conjuntos usamos el valor del band offset de
30%.

Descriptores: Pozos cúanticos; nitruros semiconductores.

PACS: 73.30; 73;.61; S5.11

1. Introduction

In a remarkably short period of time, III-V nitrides GaN,
AlN, and InN have received considerable attention due to
their applications in optoelectronic devices. They form a
complete series of alloys which, in principle, make available
any band gap between the0.8 eV to 6.2 eV energy range,
which cover all the visible spectral region. The importance
of nitride-based devices lies in the fact that they present high
efficience and long lifetimes. Due to that, they have numer-
ous applications in daily life, like in displays, traffic lights
and home lighting lamps made with nitride basedLED, and
also with405 nm wavelengthLD used in the so called blu-
ray disc with a bigger storage capacity, between25− 50 GB.
In particular, experimental works about blue emissionLD
based on InxGa1−xN/InyGa1−yN quantum wells have been
published in the literature [1, 2], with low concentrations of
InN in the barriers, of the ordery = 0.02− 0.05. Most of
the works about nitride-based quantum wells are experimen-
tal, leaving the theoretical side with limited attention. In this
work, for zincblende(001) InxGa1−xN/InyGa1−yN quantum

wells, we calculate the1h−1e transition energy as a function
of the well width, for three sets of concentrationsx = 0.15,
y = 0.02; x = 0.3, y = 0.02; andx = 0.3, y = 0.05. For
quantum heterostructures, the band offset (BO) has a central
role in the design of the devices. In the case of the semicon-
ductor nitrides, the information about band offset is scarce,
and the data differ [3]- [5]. So, we have also made the calcu-
lations varying the BO value in order to study its effect on the
transition energy. We have made the calculations using the
empirical tight binding (ETB) approximation, together with
the Surface Green Function Matching (SGFM), taking into
account the strain in the well.

2. Theoretical Model

We work the calculations out in four phases. For the first
one, we take the ETB parameters (ETBP) from [6]. In this
reference, the electronic structure of pure bulk GaN e InN
is obtained using ETB approximation with ansp3s∗ basis of
atomic orbitals, first and second neighbors interactions, and



FUNDAMENTAL ELECTRONIC TRANSITION OF InGaN CUBIC QUANTUM WELLS 133

taking into account the spin-orbit interaction. In this work,
we make a study of quantum well electronic properties for
theΓ point of the two dimensional Brillouin zone (BZ), in-
corporating only first neighbors. We consider that it is not im-
portant to incorporate second neighbors interactions because
they only slightly modify the band structure in the L point
of the BZ, and the most important optoelectronic properties
come from theΓ point. The ETPB are obtained adjusting
data from experiments and from first-principles calculations.
Subsequently, for the second phase, we use the virtual crys-
tal approximation (VCA) in order to calculate the ETPB of
the InGaN alloy, for thex andy concentrations. Namely, we
write

EInGaN(x) = (1− x) EGaN + x EInN (1)

whereEj (j = GaN, InN) are the ETBP of the binary com-
pounds given in Table I. For the third phase of the calcu-
lation, we take into account the strain in the well. For the
concentrations we use, the lattice constant of the InxGa1−xN
alloy is noticeably greater than that of InyGa1−yN. We as-
sume that the InyGa1−yN, the barrier material, is relaxed
with its original lattice constant and the lattice constant of the
well material, the InxGa1−xN, accommodates to that of the
InyGa1−yN. Hence, the InxGa1−xN has biaxial compressive
strain. We incorporate this effect scaling the InGaN ETBP,
obtained by means of Eq. (1) for thex andy concentrations,
using the expression

E′
j = Ej

(
r

r0

)−ηαβ

(2)

whereα andβ represent the type of orbitals for the ETBP
in Table I. Quotientr/r0 is the distance between the atoms
in the strained lattice over the distance between the atoms in
the lattice without strain. The first values forηαβ used in
the literature are those of Harrison [8], which areηαβ = 2.0
for all type of orbitals. Arriaga formerly made [9] a theo-
retical study of the gap dependence on hydrostatic pressure
for GaAs and GaP, changing the value of the exponents. He
found that the best fitting to experimental data was with the
valuesηss = 3.7 and for the rest of the orbitalsηαβ = 2.0.
These values are similar to those used by Priesteret al. [10].
Experimental data for the nitrides gap dependence on hydro-
static pressure are scarce and it is difficult to make a fitting.
We use the exponents of reference [9] for our calculations.

For the final phase of the calculations, we make the the-
oretical treatment of the heterostructure using the SGFM
method, which incorporates in a suitable manner the effect
of the two interfaces of the well. This method is described
with detail in reference [11].

3. Results and Discussion

We took the lattice parameters and the elastic constants for
zincblende GaN and InN from references [12,13]. The ETBP
are given in Table I [6]. Both semiconductors have a direct
gap of3.3 eV and0.8 eV, respectively. Their lattice parame-
ters are 4.52̊Aand 4.98Å, respectively. We used the VCA in
order to obtain the ETBP, lattice constants, and elastic con-
stants of the InGaN alloys. For theInGaN gap, we show
in Fig. 1 its dependence on the In concentration at theΓ, X
andL points. Diamonds represent photoluminescence exper-
imental results for InGaN films [14]. We have calculated the
energy of the1h − 1e transition for wells with2 ≤ n ≤ 20,
wheren is the number of monolayers. One monolayer has
two atomic layers, one of anions and one of cations. We
calculated1h − 1e for x = 0.15, y = 0.02 andx = 0.3,
y = 0.02 assuming that the band offset for the valence bands
is 30%. We show the results in Fig. 2. The energy tran-
sition reduces when the well is wider because the hole and
electron energy levels go closer to the bottom of the well
potential. In the limit when the well width goes to infinity,
the energy transition approaches to the strained InxGa1−xN
gap because then, the electrons and holes are free particles
and their basic state is the bottom of the well potential. The
strain in the In0.15Ga0.85N and In0.3Ga0.7N wells is due to
the fact that their lattice constants accommodate to that of the
In0.02Ga0.98N barrier. The gap for strained In0.15Ga0.85N
is 2.88 eV and for strained In0.3Ga0.7N is 2.42 eV; in this
case, the monolayer widths are 2.3191Åand 2.395Å, re-
spectively. We have also calculated the1h − 1e energy for
x = 0.3, y = 0.05 using band offset values of30% and50%.
We present the results in Fig. 3. Similarly to the precedent
case, the energy transition reduces when the well is wider and
approaches to the gap of the strainedIn0.3Ga0.7N , which
it is also practically the same,2.42 eV, when the barrier
is In0.05Ga0.95N. The monolayer width for In0.3Ga0.7N is
2.3872Åin this case. It is also observed that when the band
offset is higher, the energy transition reduces, and this effect
is stronger for narrow wells.

TABLE I. Tight binding parameters of GaN and InN compounds (in eV).

E(s, a) E(p, a) E(s, c) E(p, c) E(s∗, a) E(s∗, c) V (s, s) V (x, x)

GaN -12.9156 3.2697 -1.5844 9.1303 14.0000 14.0000 -8.8996 5.4638

InN -12.8605 2.7081 -0.3994 8.7518 15.0000 15.0000 -4.2285 4.8684

V (x, y) V (sa, pc) V (sc, pa) V (s∗a, pc) V (pa, s∗c) λa λc ∆0

GaN 8.7208 6.7152 7.3524 7.8440 2.3827 0.003 0.015 0.018

InN 6.7505 3.3231 5.6091 8.9764 3.0144 0.003 0.002 0.010
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FIGURE 1. Energy gaps of zincblende InxGa1−xN alloys as a func-
tion of the In mole fraction. Diamonds represent experimental re-
sults [14].

FIGURE 2. Energy transition as a function of the well width for
concentrationsx = 0.15, y = 0.02 and x = 0.3, y = 0.02,
for a band offset of30%. The horizontal dashed line indicates the
energy gap (2.88 eV) for strained In0.15Ga0.85N. The horizontal
dashed and two points line indicates the energy gap (2.42 eV) for
strained In0.3Ga0.7N.

4. Conclusions

We have calculated the 1h-1e transition energy in the center
of the BZ, for(001) cubic InxGa1−xN/InyGa1−yN quantum
wells. We used the first neighbors tight binding approxima-
tion with a basissp3s∗ of atomic orbitals incorporating the
spin-orbit interaction, together with the SGFM method. We
made the calculations for concentrationsx = 0.15, y = 0.02
andx = 0.3, y = 0.02 using a band offset value of30% for
the valence bands. Likewise, we also made calculations for
concentrationsx = 0.3, y = 0.05 for two values of the band
offset,30% and50%. For all cases, we studied the1h − 1e
energy dependence on the well width, from2 to 20 monolay-
ers. We have incorporated the strain in the wells, taking for

FIGURE 3. Energy transition as a function of the well width for
concentrationsx = 0.3, y = 0.05 for values of30% and50%
of the band offset. The horizontal short dashed line indicates the
energy gap (2.42 eV) for strained In0.3Ga0.7N.

FIGURE 4. Energy transition for In0.3Ga0.7N as a function of the
well witdh for different concentrationy for the barrier (y = 0.02
continue line andy = 0.05 dashed line) with30% of the band
offset. The horizontal line indicates the energy gap for strained
In0.3Ga0.7N, which is approximately the same (2.42 eV) for the
two concentrations of the barrier.

the scaling exponent a value of3.7 for s − s orbitals and2
for the other type of orbitals. When the wells are wider, the
1h− 1e energy transition reduces, and approaches the gap of
the InGaN alloy of the strained well when the well width goes
to infinity. When the band offset increases, the energy tran-
sition reduces, and this effect is more noticeable for narrow
wells.
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