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Rapid development of InN technology demands compre-
hensive assessment of the electronic and optoelectronic
potential of this material. In this theoretical work the
effect of free electrons on the optical properties of the
wurtzite phase of InN is investigated. The blue shift of
the optical absorption edge by the free-carrier band fill-
ing is known as the Burstein-Moss effect for which InN
offers to be a very suitable candidate as has been re-
cently demonstrated experimentally. Due to well known
Kramers-Kronig relations, a change in absorption is

1 Introduction The optoelectronic applications of InN
are of particular interest since the InGaN alloys are capable
to cover wide range of optical spectra from blue-green to
near-infrared region [1]. A common property of the grown
InN films is the very high unintentional electron density
that ranges from 10'® to mid-102° cm—3 [2—4]. As a direct
consequence it has been shown experimentally that this
gives rise to a blue shift of the optical absorption edge [5,
6]. This is known as the Burstein-Moss effect which is the
increase of the effective band-gap due to Pauli blocking of
the optical transitions to the filled portions of the bands. As
a consequence, the high electron concentration in n-type
InN samples leads to the reduction of the absorption which
is described by the imaginary part of the dielectric func-
tion. According to the Kramers-Kronig relation (KKR), the
real part of the dielectric function is intimately connected
to its imaginary part. Hence, the refractive index of a semi-
conductor can be modulated by the free carriers [7]. Sev-
eral types of semiconductor optical devices utilize this ef-
fect, like digital switches, phase modulators, tunable Bragg
gratings in distributed Bragg reflector lasers [8].
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accompanied by a change in the index of refraction. Con-
sidering n-type InN samples with free electron concen-
trations ranging from 5 x 1017 to 5 x 102° cm 3, and em-
ploying a nonlocal empirical pseudopotential band struc-
ture, it is shown that this leads to a few percent change
of the index of refraction. These carrier-induced refrac-
tive index changes can be utilized in optical switches,
futhermore it needs to be taken into account in the de-
sign of InN-based optical devices such as lasers and op-
tical modulators.
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The carrier-induced refractive index change is most pro-
nounced in semiconductors with small effective masses and
energy gaps, like n-InSb [7]. With the revised narrow band
gap of InN [2], in this theoretical work we show that this
carrier-induced refractive index change is particularly im-
portant for InN. As we shall show below, this is due to in-
teresting conduction band structure where the band filling
gives rise to much larger absorption band edge shifts.

2 Theoretical results For arealistic assessment, we
employ a nonlocal empirical pseudopotential band struc-
ture of InN that reproduces the most up-to-date band data
such as the effective masses and band nonparabolicities [9].
The corresponding density of states is shown in Fig. 1. It
can be observed that due to the narrow band-gap nature
of this material the low density of states prolongs to about
2 eV from the conduction band edge. This causes substan-
tial band filling effects as illustrated in Fig. 2 which dis-
plays the shift in the absorption edge, known as the Burstein-
Moss effect. As a word of caution, we should note that this
shift is to some extend overestimated compared to the ex-
perimentally observed value [6]. This is possibly due to
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accompanied red shift resulting from the band-gap renor-
malization [10] which is not included in this work.
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Figure 1 Computed density of states of InN; energy reference is
set to valence band maximum.
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Figure 2 The shift of the absorption edge due to conduction band
filling by excess electrons.

The direct consequence of this carrier-induced blue shift
of the effective optical gap is the modification of the ab-
sorption profile which is described by the imaginary part
of the dielectric function, as shown in Fig. 3. On the other
hand, as a manifestation of the causality principle, the KKR
links the imaginary and real parts of the dielectric func-
tion. In Fig. 4 we show the associated modification of the
real part of the dielectric function due to excess electrons
in InN. Both dielectric functions in Figs. 3 and 4 refer to
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Figure 3 Imaginary part of the in-plane (perpendicular to c-axis)
dielectric function for different excess electron densities. The in-
set shows the behaviour for a broader energy range.

the photon polarization perpendicular to the c-axis of the
wurtzite crystal.

Finally, we display in Fig. 5 the dependence of the
static refractive index on the excess electron density. It can
be observed that this gives rise to up to few percent carrier-
induced tunability of the refractive index. Already at a car-
rier density of a few 10'® cm™3 the predicted refractive in-
dex change reaches the level of 10~2 which is substantially
larger than the index change produced by the Pockels or
Franz-Keldysh effects under significant applied fields [7].
Undoubtedly, this is a valuable feature for optical device
applications such as optical switches, phase modulators and
tunable Bragg gratings in Distributed Bragg Reflector lasers.

3 Conclusion In this theoretical work, we investi-
gate the Burstein-Moss effect in n-type InN based on the
nonlocal empricial pseudopotential band structure. We ob-
serve substantial blue-shift of the absorption edge for the
typical grown InN samples with unintentional free elec-
tron densities on the order of 10! cm~3. By obtaining
the full energy dependence of the imaginary part of the
dielectric function, its real part is also calculated through
the KKR. As a result, a free carrier-induced refractive in-
dex change by few percents is demonstrated. This suggests
possible InN-based optical device applications such as in
the optical switches, phase modulators and tunable Bragg
gratings in distributed Bragg reflector lasers. However, it
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Figure 4 Real part of the in-plane (perpendicular to c-axis) di-
electric function for different excess electron densities. The inset
shows the behaviour for a broader energy range.
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Figure 5 The percentage change of the index of refraction versus
excess electron density.

should be noted that we do not include the band gap renor-
malization which leads to a red shift of the optical gap as
the carrier density increases; this becomes quite significant
at 101 cm~3 and beyond [10] which can partially cancel
the Burstein-Moss blue shift. Similarly, the free carrier ab-
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sorption is not taken into account. Our primary goal here
was to demonstrate the importance of the full-band calcu-
lations of the optical parameters of InN.
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