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We have carried out van der Pauw resistivity and Hall effect measurements on a series of Molecular Beam
Epitaxy InAs/GaAs superlattice samples containing InAs quantum dots. Three growth parameters were varied,
the InAs coverage, the number of repetitions of the InAs/GaAs layers, and the GaAs spacer thickness. The
results can be grouped in two sets, those samples presenting low and high resistivity. The group presenting
low resistivity is composed by the samples with GaAs spacer of 30 monolayers (ML) and InAs coverage of 1.9
monolayers. The group presenting high resistivity is composed of samples with GaAs spacer of 40 ML. We
claim that the high resistivity characteristic is due to the presence of deep level. Increasing the spacer from 30
to 40 ML decouples the InAs planes favouring the deep level formation.

1 Introduction

Quantum dots (QD) are quasi-zero-dimensional structures
and should behave in some aspects like conventional point
defects. InAs QD forms on GaAs due to the lattice mis-
match between both materials. Besides the electronic states
of the QD itself, deep states related to the InAs layers and
QD have also been reported by some researchers [1].

In this work we performed Hall measurements on
InAs/GaAs QD in order to investigate the formation of such
deep levels, which are standard characteristic of high resis-
tive samples due to their high activation energies.

2 Experimental details

We have grown samples stacking InAs/GaAs by Molecular
Beam Epitaxy (MBE). The samples were grown on semi-
insulating Liquid Encapsulated Czochralsky (LEC) GaAs
substrates. A 1µm GaAs buffer layer was grown at a sub-
strate temperature of 600oC. After that the growth tempera-
ture was reduced and kept between 495oC and 530oC during
the InAs/GaAs growth. Three parameters were intention-
ally varied, namely, the InAs coverage, GaAs spacer thick-
ness, and the number of periods of InAs/GaAs. Two GaAs
spacer thickness of 30 and 40 monolayers (ML) were used.
The InAs coverage varied between 1.4ML and 3.0ML. The
growth parameters are summarized in Table 1.

Table 1. The growth parameters.

Sample Growth Temp. (oC) # InAs InAs coverage (ML) GaAs Thick (ML)
9821 500 1 1.9 30
9822 530 5 1.9 30
9823 510 10 1.9 30
9826 510 50 1.9 30
9827 510 50 1.9 40
9829 510 50 2.0 40
9832 495 50 2.5 40
9833 510 50 3.0 40
9902 510 50 1.4 40
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The contacts were deposited on the surface of the sam-
ple in a van der Pauw geometry. For this we used small In
drops and backed the contacts in a N2:H2 85:15 reducing at-
mosphere at 300oC for 10 minutes. The van der Pauw mea-
surements followed the same procedures of Look [2]. The
measurements were carried in darkness. For low resistive
samples it was possible to measure from room temperature
down to 3.9K, while for high resistive samples the lowest
temperature was around 250K.

3 Results

We obtained the Hall densityn and the resistivityρ as a
function of the temperature. For obtaining these parame-
ters the sample was considered as a two-dimensional elec-
tron gas (2DEG). The samples can be grouped in two sets
according to their electrical characteristics, either high or
low resistivity values. We will assign them as group #1 and
group #2 respectively. Group #1 is composed by samples
98-21, 22, 23, and 26. Group #2 is composed by samples
98-27, 29, 32, 33 and 9902.

Figure 1 shows the planar densityn as a function of tem-
perature for the group #1. It presents the same behavior for
all samples. It decreases slightly with the temperature, hav-
ing a minimum in the range between 15K and 60K and in-
creases for further decreasing of the temperature. This is a
typical 2DEG signature.

Figure 1. Then function for group #1.

Figure 2 presents the resistivity results for group #1,
measured in units ofΩ[], where [] stands for adimensional
unit since the electron gas is confined in two dimensions.
The resistivity values are in the range of 4x104 Ω[] to
2x107 Ω[].

Figure 2. The resistivity function for group #1.

The resistivities decrease for increasing temperatures
reaching a minimum around 100K and then increase slightly
for further temperature elevation.

Figure 3 presents the planarn for the group #2. Al-
though there is no 2D signature for this group this was
carried to compare with results of group #1. All samples
present the same behavior, increasingn for increasing tem-
perature. The 2D free carrier density is ofn type and tem-
perature dependent measurements give activation energies
between 0.4 eV and 0.6 eV. These values are too high to be
related to an electronic state of InAs QDs, which are in the
order of 0.2eV [3,4].

Figure 3. Then function for group #2.

Figure 4 presents the resistivity results for group #2.
The resistivity values are in the range of 5x1010 Ω[] to
5x1012 Ω[]. All samples of group #2 present the same be-
havior with the resistivity decreasing for increasing temper-
atures.
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Figure 4. The resistivity function for group #2.

4 Discussion

The experimental results confirm the differences between
group #1 and #2. It is also important to note that group #1 is
composed of samples with 30 ML GaAs spacers, and group
#2 is built with the 40 ML GaAs spacer samples.

Since the samples are quite similar concerning the
growth parameters, we claim that deep levels in group #2
explain the differences. Indeed, the temperature dependence
and the electric characteristics of group #2 which scales with
activation energies between 0.54eV and 0.60eV can be ex-
plained based on the presence of deep levels.

There are three main factors, which would explain the
formation of deep levels in our samples. The first factor
is related to the 7% lattice mismatch between InAs and
GaAs, which induces the formation of self-assembled quan-
tum dots (SAQD) when the InAs coverage is higher than the
critical value of 1.65ML. The strained GaAs layer might re-
sult in the presence of deep levels, as have been previously
reported [4-6]. The second factor is the growth tempera-
ture. Low growth temperatures contribute to the formation
of deep level defects [7]. All insulating samples were grown
at 510oC (except the sample #9832 that was grown at 495o)
which is well above 400oC and, in turn, results in negligi-
ble deep level formation in pure GaAs samples. For such
growth temperatures the strain reaches deep into the GaAs
layer. This contribute to the formation of deep levels. The
third factor is the stacking of layers. It is well known that
stacking another InAs layer closer to a first one induces the
formation of vertically coupled quantum dots [8]. However,
recent works [4-5] indicate another effect of stacking lay-
ers, the reduction of the formation of deep levels by lattice
relaxation.

All samples of group #2 have a nominal GaAs layer
thickness of 40ML, a number of superlattice repetitions of
50, a growth temperature of 495oC or 510oC, and InAs
coverage between 1.40ML and 3.00 ML. We claim that al-
though the GaAs layer is thin enough to allow the formation

of vertically coupled quantum dots it is beyond a critical
thickness responsible for the deep level inhibition.

Group #1 has four samples with the GaAs layer thick-
ness of 30ML. For samples 9821, 9822, 9823 and 9826 the
effect of stacking seems to be efficient to inhibit deep defect
formation.

5 Summary

In this work we have measured Hall effect and resistivity in
self-assembled quantum dots samples. Some of them show
deep level defect characteristics. We identified that stacking
layers of InAs spaced by GaAs layers of 30ML thick inhibits
the deep level defect formation.

A GaAs spacer layer thickness of 40ML is enough to
preserve the vertically coupled quantum dots [8]. It is known
that the proximity of InAs layers plays an important role in
deep level inhibition [1]. In our case, although 40ML is not
thick enough to decouple the vertically alignment of QD it
proved not to be efficient in inhibiting the deep level forma-
tion. Under the used growth conditions, there might be a
critical value for the GaAs layer thickness between 30 and
40 ML above which the inhibition of deep levels becomes
ineffective.
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