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The effect of localized electric field (F ) was investigated in the type-II InAs/GaAsSb/GaAs structures. To com-
pare type-I to type-II, two types of samples with different Sb contents was grown by molecular beam epitaxy, whose
Sb contents are 3% (type-I) and 16% (type-II), respectively. In the both samples, we performed excitation power
dependent-photoreflectance at 10 K and the result showed that the period of the Franz–Keldysh oscillation, re-
vealed above the band gap (Eg) of GaAs, was broadened in the only type-II system, which means that F was
also increased because it is proportional to the period of the Franz–Keldysh oscillation while the period of the
Franz–Keldysh oscillations stayed unchanged in type-I system. This phenomenon is explained by that the F was
affected by the band bending effect caused by the spatially separated photo-excited carriers in the interface between
GaAsSb and GaAs. The F changed linearly as a function of square root of excitation power as expected for the F .
Moreover, F was calculated using fast Fourier transform method for a qualitative analysis, which is in a good
agreement with the theory of triangular well approximation.
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1. Introduction

The InAs/GaAsSb/GaAs heterostructure system has
attracted much attention recently because of its poten-
tial application in semiconductor fields. Particularly, its
type-II band alignment provides an excellent opportu-
nity to improve the performance of both heterojunction
bipolar transistors and optoelectronic devices due to their
nature of the separation of photo-excited electrons and
holes [1–4]. Therefore, InAs/GaAsSb/GaAs system is
very attractive for both of academic interest and indus-
trial application.

In this type-II system, optical properties have been
studied in many groups using photoluminescence (PL)
measurements [5, 6]. It shows that a significant blue-shift
of the peak energy occurs under a moderate excitation
power, which can be well explained by the band bend-
ing effect due to the spatially separated photo-excited
carrier in type-II band alignment. In addition, the sep-
arated charges by the band bending effect also induces
localized electric field (F ). This F can be calculated by
using theory of approximate triangular well [5, 6]. How-
ever, it is difficult and complicated to obtain the value
of F experimentally. Therefore, the F has not been re-
searched anywhere even though this F is intriguing to
many researchers for academic interest. In this work, we
present a specific investigation of the effect of localized
electric field in type-II system and experimentally obtain
the value of F using photoreflectance (PR) spectroscopy.
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2. Experimental details

The samples were grown by a solid-source molecular
beam epitaxy (MBE) system on a semi-insulating GaAs
(001) substrate. As shown in Fig. 1, the structure
consisted of a 400 nm undoped GaAs buffer layer,
≈ 120 nm InAs/GaAsSb/GaAs layers and 20 nm cap
layer. To grow sub-monolayer quantum dot (SML-QD)
stacks, eight periods of InAs/GaAsSb/GaAs layers were
embedded. Each period of the SML-QD layers com-
prised of five cycles of InAs(0.5 ML)/GaAsSb(2.5 ML)

Fig. 1. Schematic sample of InAs/GaAsSb/GaAs
SML-QD.
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and it was capped with 10 nm of GaAs layer. The Sb
content of the GaAsSb spacers was 3% (type-I) and 16%
(type-II), respectively. To investigate the effect of lo-
calized electric field (F ), we performed excitation power
dependent-photoreflectance (EPPR) at 10 K to enhance
the localized effect of photo-excited carriers. A He–Ne
laser (632.8 nm) is used as an excitation beam at vari-
ous Iex (0.075–21 mW). In this technique, a mechanically
chopped laser beam (400 Hz) modulates the interface
electric fields of the sample by generating electron–hole
pairs. The probe light from a tungsten–halogen lamp
passing through a monochromator illuminated the sam-
ple surface. The reflected light was detected by a Si photo
detector. The more detailed PR setup was described in
Refs. [7, 8].

3. Results and discussions

Figure 2 shows the photoreflectance (PR) spectra for
type-I (black solid line) and II (red solid line) at 10 K
with He–Ne laser of 0.075 mW. The PR spectra con-
tain features assigned to the GaAs band-to-band (Eg),
InAs/GaAsSb quantum dot (QD) transition, GaAsSb
spin–orbit (SO) transition [9], and GaAs SO signal. The
Franz–Keldysh oscillation (FKO) was also observed. The
period of FKO is known to be strongly related to the
built-in electric field of semiconductors and their het-
erostructures. The electric field is proportional to the
period of FKO [10]. However, in this structure, we can-
not expect any built-in electric field because these struc-
tures are composed of only undoped layers. Neverthe-
less, FKOs were revealed in both structures due to the
appearance of the interface states as a consequence of
Sb absorption at the interface and/or the possible in-
terchanging reaction between the Sb atoms and the As
atoms [11, 12].

Fig. 2. PR spectra at 10 K for type-I (Sb 3%) and
type-II (Sb 16%).

Indeed, the effect of F at the InAs/GaAsSb interface
may be more intriguing to all researchers in this field.
However, it is so complicated to analyse the localized

effect in the SML-QD structures. Therefore, we are cur-
rently interested in the effect of F at the interface be-
tween GaAsSb and GaAs layers.

To investigate the effect of localized electric field (F )
in InAs/GaAsSb/GaAs structure, we performed excita-
tion power dependent-PR (EPPR) as shown in Fig. 3.
By EPPR measurement, we can prove where the FKOs
are originated from.

Fig. 3. EPPR spectra at 10 K for (a) type-I (Sb: 3%)
and (b) type-II (Sb: 16%). 900 nm short pass filter
(SPF) was used for reducing PL signal of InAs/GaAsSb
SML-QD.

Figure 3a shows the spectra of EPPR measurement for
type-I system. Above the GaAs Eg, unchanged FKOs pe-
riods indicate that the F is not originated from spatially
separated states, which means that F did not change
with increasing excitation power (Iex) because confined
carriers in type-I system cannot spatially be separated
into electrons in GaAs states and hole in GaAsSb states.
In contrast, Fig. 3b shows that for type-II system the
periods of FKOs were broadened with increase of Iex.
It means that the F also increases because confined car-
riers induce the localized field due to the band bend-
ing effect caused by the spatially separated photo-excited
carriers in type-II alignment [5, 6].

For a qualitative interpretation of F in type-II, the
frequency of FKO can be extracted by fast Fourier
transform (FFT) method [7, 8]. Using this frequency,
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Fig. 4. (a) FKO frequency as a function of excitation
power (Iex) and (b) localized electric field (F ) calculated
from FKO frequencies as function of I1/2ex and the F from
FFT is compared with F from conventional method.

we can calculate F because the frequency of FKO is in-
versely proportional to electric field at an interface of a
sample [7, 8].

Figure 4a shows contour plot of FKO frequencies spec-
tra obtained by FFT with Iex. The frequencies of FKO
were decreased with increase of Iex. The FFT results
show broad spectra in the frequency domain. This broad-
ness was caused by the broad electric field distributions in
the interface of the sample from the unintentional diffu-
sion of doping material at the doped interfaces and from
overlapping of the electron–heavy hole and the electron–
light hole transition frequencies components [7, 8].

Figure 4b shows the value of F calculated from the
frequencies of FKO as a function of I1/2ex , which is com-
pared with F calculated from conventional method. Both
methods show deviation of only ≈ 5 kV/cm so that our
results indicate the reliability of the experiments. In or-
der to analyze the tendency of F , we consider the elec-
tric field induced by photo-excited carriers. The strong
localized carriers near the interface form a charged plane
and, correspondingly, produce an approximately triangu-
lar well with an electric-field strength of [5, 6]:

F =
2πenw
ε0

∝ I1/2ex . (1)

Here, nw is the electron density generated in the
thin layer region by an external photon of excitation
power Iex.

As seen in Eq. (1) mentioned above, F is proportional
to Iex to the power of 1/2. This result is in a good agree-
ment with Eq. (1) derived by triangular well theory. If F
is at GaAsSb/GaAs interface, the transition from holes
states in GaAsSb to electron states in GaAs may be re-
vealed in PR spectrum. In our PR spectrum in Fig. 2,
the transition appears in photon energy ranging in 1.43–
1.5 eV. However, we need to analyse those signals for
further study because the oscillation in the range 1.43–
1.5 eV is more complicated and overlapped with FKO
of GaAsSb and the transition. In the future, we propose
that the study of the oscillation will be performed so that
a good work will be finished.

4. Conclusions

The effect of localized electric field (F ) was inves-
tigated in type-II InAs/GaAsSb/GaAs system by pho-
toreflectance spectroscopy. EPPR was taken at 10 K
to enhance carrier confinement effect in each quantum
state. For type-I system, the period of the Franz–Keldysh
oscillation was unchanged with increase of excitation
power (Iex) because photo-excited carriers cannot spa-
tially be separated, and thus do not induce F . On the
contrary, for type-II system, type-II band alignment leads
to the spatially separated photo-excited carriers. There-
fore, the periods of FKO was broadened with increase
of Iex, which means that F also increases due to the band
bending effect. For qualitative analysis, the value of F
was calculated from the frequency of FKO extracted by
FFT method. The calculated F was proportional to Iex
to the power of 1/2 which is in a good agreement with
Eq. (1) derived by triangular well theory.
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