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Abstract—We explore the influence of different numerical
multiband k.p models on the simulation of III-V devices through
the study of the effective mass of conduction electrons. Results
may vary largely between models and ultimately misrepresent
optoelectronic properties. However, preliminary work on bulk
indium antimonide indicates that using reduced k.p models
allows keeping large band sets accuracy while reducing the
computational burden.

Index Terms—k.p model, condensed matter physics, numerical
simulations, III-V materials, optoelectronics.

I. INTRODUCTION

The design of efficient, reliable optoelectronic devices based
on III-V semiconductors heterostructures requires accurate
modeling of the electronic properties of its constituents. Multi-
band k · p methods [1] provide an interesting framework
with low computational complexity while achieving a good
accuracy for the conduction and valence bands in the vicinity
of Γ considering only 8 bands. Nonetheless, some materials
such as Type-II superlattices with very large valence band
curvature have higher requirements [2]. In such cases, its
validity range can be increased by including extra energy
bands to improve the description with 30 bands being enough
to describe fully both bands in the first Brillouin zone with a
reasonable computational cost [3]. This work aims at providing
a detailed comparison of the numerical implementation of
different multiband k · p models for different III-V bulk
semiconductors through their computed effective masses.

II. MULTIBAND k · p METHOD

The movement of an electron in a crystal lattice described
by a periodic potential V is governed by the hamiltonian

Ĥ =
p̂2

2m0
+ V̂ (r) (1)

where m0 is the electron mass. The eigenstate for eigenenergy
ϵn(k) of (1) are given by the Bloch theorem as

⟨r|ψnk⟩ = eık·runk (r) (2)

with n the band index, k the electron crystal momentum and
the unk having the lattice periodicity. Injecting equation (2)
into (1) leads to

ϵn(k)unk =

(
ϵn0 +

ℏ2k2

2m0
+

ℏ
m0

k · p̂
)
unk (3)

The {un0}n can be used to develop any other state:

uik(r) =
∑
n

ain(k)un0(r) (4)

Combining eqs. (3) and (4) yields an operator on the ain with
eigenenergies ϵn(k) [4]. The effective mass m∗

n of an electron
in band n at k is then given by m0/m

∗
n = 1/ℏ2 × ∂2ϵn/∂k

2.

III. NUMERICAL IMPLEMENTATION

We have developed a home-made simulation software for
III-V optoelectronic device modeling, optimized for superlat-
tices, which implement different multiband k · p models in
order to tailor the numerical computation cost to the use case.
The determination of the ain relies on matrix diagonalization
to ensure their mathematical properties while benefiting from
the mature linear algebra libraries.

It supports 30-, 18-, 14- and 8-bands models and allows to
either use the exact set of parameters for the N bands model
(referred to as “bare models”), or use reduced parameters com-
puted from a larger bare model using second order perturbation
theory (referred to as “reduced models”). If α, β are degenerate
states included in the reduced model and R the set of excluded
bands, the reduced hamiltonian H(r) is

H
(r)
αβ = Hαβ +

∑
r∈R

HαrHrβ

Er − Eα
(5)

After all eigenstates and eigenenergies of the structure have
been computed, the effective masses are calculated using finite
differences on these energy bands.

IV. PRELIMINARY RESULTS - BULK INDIUM ANTIMONIDE

In order to simulate bulk InSb, we define a pseudo-
superlattice with a single 300 Å-thick InSb layer.

A. Bare k · p models

Figure 1 presents the evolution of the electron effective
masses along three directions (100, 110 and 111) for the bare
30-, 18- and 8-band k ·p models, based on ref. [5] (30-band),
ref. [6] (8-band) and ref. [4] (18-band model). The choice
of the model as well as the set of parameters is of critical
importance to ensure consistent results. First, both 18- and 8-
band models give the same effective mass (m∗/m0 = 0.0126)
at k = 0 when the 30-band model reports a higher value



Fig. 1. Conduction electron effective mass of InSb for several bare models:
30-(blue), 18-(orange) and 8-band (green) k · p models as a function of
the crystal momentum. Multiple directions are plotted for each model 100
(dotted), 110 (dashed) and 111 (solid line).

(m∗/m0 = 0.016). Then, if all models acknowledge the strong
nonparabolicity of InSb conduction band near the zone center,
they split for crystal momenta as low as 0.01 Å

−1
, which is

only 1% of the Brillouin zone. Last, the effective mass in the
111 and 110 directions diverge around 0.05 Å

−1
according to

the 30-band model which is shifted for the 18-band model
and completely absent in the 8-band case. This may generate
large discrepancies when computing material properties such
as the absorption when high levels of doping come into play
and push the Fermi level towards higher energies.

B. Reduced 30-band k · p models

Fig. 2. Conduction electron effective mass of InSb for the bare 30-band model
(blue), and its 18-, 14- and 8-band reduced models (orange, green and red
respectively) as a function of the crystal momentum. Multiple directions are
plotted for each model 100 (dotted), 110 (dashed) and 111 (solid line).

To mitigate this spreading among models, it is best to reduce
a large model to a subset of bands. As an example, Figure
2 compares the evolution of the electron effective masses

between the bare 30-band model used in the previous section
to its reduced 18-, 14- and 8-band models.

As the parameters are consistent with each other, so are the
curves, with no notable divergence before 0.04 Å

−1
, including

the reduced 8-band k · p model. Note that the reduced 18-
and 14-band models follow accurately the bare model in the
111 and 110 directions despite the divergence. It is worth
noting that the 8-band model cannot properly follow the others
in those direction as 14-band is the minimum framework
required to account for phenomena such as the bulk inversion
asymmetry which splits the conduction bands and slightly
changes their curvature [7].

C. Spurious states: influence of S rescaling

Numerical implementations of the 8-band model may suffer
from spurious states which results from nonphysical solutions
to eq. (3) for large crystal momenta. This can be avoided by
using a rescaling factor S on the initial electronic dispersion
ϵc(k) = ϵc0 + Sℏ2k2/2m0 prior to diagonalization to ensure
the monotonicity of the resulting energy bands out of the range
of validity of the model. A rescaling of the Kane energy Ep

is mandatory an attempt to preserve the same band structure
in the vicinity of Γ which propagates to any value computed
from Ep [8]. For two common rescaling choices (S = 0 and
S = 1), the results differ slightly frome the bare 8-band model,
but do not tamper fundamentally the results of the model in
its range of validity (few % of the Brillouin zone).

V. PERSPECTIVES

The study of the electron effective mass already gives some
hints about the validity boundaries of the models exposed
earlier. However, an analysis of the holes effective masses
which are more sensitive to the direction as well as some
important optical properties such as the absorption will be
conducted to assess further their performance.
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