Materials Science-Poland, 35(3), 2017, pp. 647-650
http://'www.materialsscience.pwr.wroc.pl/
DOI: 10.1515/msp-2017-0075

DE GRUYTER OPEN

Heavily Si-doped InAs photoluminescence measurements

KACPER GRODECKI!*, KRZYSZTOF MURAWSKI!, ALEKSANDRA HENIG!,
KRYSTIAN MICHALCZEWSKI', DJALAL BENYAHIA!, LUKASZ KUBISZYNZ, PIOTR MARTYNIUK!

!nstitute of Applied Physics, Military University of Technology, 2 Kaliskiego St., 00-908 Warsaw, Poland
2Vigo System S.A., 129/133 Poznanska St., 05-850 Ozar6w Mazowiecki, Poland

In this paper, we present experimental results of photoluminescence for series of InAs:Si heavily doped samples, with

doping level varying from 1.6 x 10'® cm™3 to 2.93 x 10'® cm

=3 All samples were grown using MBE system equipped

with a valved arsenic cracker. The measurements were performed in the temperature range of 20 K to 100 K. Although the
Mott transition in InAs appears for electron concentrations above 10'4 cm™3, Burstein-Moss broadening of photoluminescence
spectra presented in this article was observed only for samples with concentration higher than 2 x 10'7 cm~3. For the samples
with lower concentrations two peaks were observed, arising from the band gap and defect states. The intensity of the defect peak
was found to be decreasing with increasing temperature as well as increasing concentration, up to the point of disappearance

when the Burstein-Moss broadening was visible.
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1. Introduction

InAs is a proper material for production of
infrared photodetectors and infrared light emit-
ting diodes working in 3 pm to 5 um wavelength
range [1-3]. Contrary to the other III-V materi-
als, such as antimony compounds, InAs devices
may operate at room temperature [4], which in
turn, leads to the reduction of photodetector cost.
Most of InAs photodiode heterostructures consist
of undoped absorber and contacts made of p-type
and strong n-type (1 x 10'"® cm~3) materials [5-
8]. InAs of both p-type and n-type have been al-
ready studied in many works [9-11]. Therefore,
the great number of InAs parameters, such as band
gap energy as well as defect, donor, acceptor en-
ergies, have been determined [11, 12]. However,
the characterization of heavily n-doped InAs is still
not sufficient. Theoretical calculations showed that
for doping higher than 10'7 cm~3, Burstein-Moss
shift and band gap peak broadening appear [13].
These phenomena may be described as an in-
creased probability of indirect transitions, which
in turn, leads to their appearance, contributing
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to the measured spectra [13]. This effect was
also visible in experimental results presented by
Gladkov et al. [14].

In this work, we present experimental results
that confirm broadening of the band gap peak only
for highly doped samples. Additionally observed
effects are: the decrease of defect-induced peak at
35 meV [11, 15] and the decrease of defect peak in-
tensity with increasing temperature. They may all
be explained by the analysis of electron energy and
momentum in highly doped InAs.

2. Experimental

The samples studied in this paper were grown
on GaAs (0 0 1) substrate with 2° offcut towards
(1 10) by asolid source RIBER COMPACT 21 DZ
molecular beam epitaxy (MBE) system equipped
with a valved arsenic cracker. The growth de-
tails have been reported in the literature [16]. The
InAs layers were grown at 400 °C, with an As/In
flux ratio of 8.5. The growth rate was 0.26 um/h.
The n-type doping was introduced by opening the
shutter of Si effusion cell while growing InAs
epilayers. The level of doping was calibrated by
the temperature of Si effusion cell. Hall effect
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measurements using van der Pauw method were
performed by ECOPIA Hall Measurements Sys-
tem, in order to assess the electrical parameters of
the samples between 80 K and room temperature.

A high-resolution X-ray diffractometer of PAN-
alytical X’ Pert was utilized to evaluate the crystal-
lographic properties of the samples. The CuK«; ra-
diation (A ~ 1.5406 A) originating from a line fo-
cus was used. The X-ray beam was monochroma-
tized by four bounce, Ge (0 0 4) hybrid monochro-
mator. The measurements were made in both w and
20-w directions.

Basic parameters of the samples are presented
in Table 1.

Table 1. Concentration and XRD Full Width at Half
Maximum (FWHMs) for measured samples.

Sample  Concentration FWHM of XRD
[em ™3] peak [arc sec]
A 1.60 x 106 37
B 1.80 x 1016 27
C 2.00 x 106 32
D 2.13 x 107 39
E 2.93 x 108 22

Photoluminescence was measured using Ver-
tex v70 FT-IR spectrometer in a step-scan mode,
equipped with lock-in [17]. As an excitation source
a 630 nm diode laser with mechanical chopper
was used. During measurements, the samples were
placed in a cryostat equipped with piezo table.

3. Results and discussion

Photoluminescence spectra for all measured
samples are presented in Fig. 1. The spectrum for
sample A consists of two spectrally separated peaks
attributed to InAs band gap (0.41 eV) [14] and
defect band (0.38 eV) [11]. On the other hand,
the spectrum of sample E consists of solely one
wide peak arising from band gap, broadened by
Burstein-Moss effect. It is worth noting that we do
not observe Mahan exciton [9], since we do not ob-
serve any peak higher than band gap energy, so it
cannot interfere with Burstein-Moss broadening.

Although the concentration for all samples is
much higher than 1 x 10'% cm™3 (Mott transi-
tion in InAs), we observe Burstein-Moss broaden-
ing only for the two most heavily doped samples:
D@2 x 107 cm™3) and E (3 x 10" cm™3). It is in
agreement with previous calculations [13].

In the presented spectra we observe no correla-
tion between intensity of defect peak and samples
quality obtained from the XRD measurements. For
sample C, Full Width at Half Maximum (FWHM)
of the XRD peak is higher than for sample B
(Table 1), while the intensity of photolumines-
cence defect peak is much lower. Moreover, for
sample D, in spite of the highest FWHM value
of the XRD peak (Table 1), there is no defect
peak observed. We suspect the intensity of de-
fect peak decreases rapidly with increasing con-
centration (above 1 x 10' cm™3). Similar effect
was observed for the low doped p-type GaSb sam-
ples [18]. However, in that case the defect peak was
created by acceptor-donor interaction while Fermi
level was inside band gap or even below valence
band [18]. In our experiments Fermi level is above
conduction band and the defect states are 35 meV
above the valence band [11]. All those details sug-
gest that the defect peak intensity decrease mecha-
nisms for InAs:Si and GaSb samples are different.

One of the possible explanations may be the
appearance of non-zero momentum electrons that
take part in creation of band gap peak, whereas the
defect peak is formed due to defect states which
possess very low momentum. If defect states mo-
mentum is close to zero, then for low-doped sam-
ple in which almost all electrons have zero momen-
tum there are many electrons that may recombine
into defect states. If the concentration is increased,
there are much fewer electrons with zero momen-
tum and much more with higher momentum [13].
In this case, electrons have much lower probability
to recombine into the defect states.

The disappearance of the defect peak is also
observed with increasing temperature (Fig. 2). For
samples A and B defect peak intensity is the high-
est at 20 K and disappears at 80 K and 100 K,
respectively. In this case, there is no Burstein-
Moss shift, but instead Fermi-Dirac distribution
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Fig. 1. Photoluminescence spectra for all samples, mea-
sured at 20 K.
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Fig. 2. Photoluminescence spectra for samples A (a)

and B (b) obtained in the temperature range
from 20 K to 100 K.

flattening takes place. It may cause the increase of
the amount of electrons with higher energy and mo-
mentum. However, there are also other effects that
shift the position of band gap peak to lower ener-
gies [12]. Thus, it is difficult to conclude whether
the momentum of electrons is higher or not. Other
possible explanation is that the energy dispersion at
high temperature is stronger for defect states than
for the bottom of conductive band and the top of
valence band.

4. Conclusions

Presented results confirm previous calculations
which predict the appearance of Burstein-Moss
broadening only for InAs samples doped higher
than 1 x 107 cm—3. We have also shown the de-
crease of the defect peak intensity with both in-
creasing concentration (taking place above Mott
transition) and increasing temperature.
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