Journal of Physics: Conference
Series

OPEN ACCESS You may also like

Dilute GaAsN and GalnAsN grown by liquid phase  itisicusmmoiec on s wbaes

Yoshiaki Araki, Masahito Yamaguchi and

e p |taxy Fumitaro Ishikawa

- Effect of surface morphology on the

. . . . density of energy states in GaAsN grown
To cite this article: M Milanova et al 2010 J. Phys.: Conf. Ser. 223 012016 by chemical beam epitax

Boussairi Bouzazi, Kojima Nobuaki,
Yoshio Ohshita et al.

- N=H related defects in GaAsN grown

through chemical beam epitaxy
Yoshio Ohshita, Kazuma Ikeda, Hidetoshi
Suzuki et al.

View the article online for updates and enhancements.

c = DISCOVER
i - how sustainability
The vi : intersects with

Electrochemical
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.137.185.180 on 23/04/2024 at 09:25


https://doi.org/10.1088/1742-6596/223/1/012016
https://iopscience.iop.org/article/10.1088/0957-4484/24/6/065601
https://iopscience.iop.org/article/10.1088/0957-4484/24/6/065601
https://iopscience.iop.org/article/10.7567/JJAP.53.04ER08
https://iopscience.iop.org/article/10.7567/JJAP.53.04ER08
https://iopscience.iop.org/article/10.7567/JJAP.53.04ER08
https://iopscience.iop.org/article/10.7567/JJAP.53.031001
https://iopscience.iop.org/article/10.7567/JJAP.53.031001
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvHZpLgPAp4-BrGrEWvUT14cDmPm1hmFS8vYpLB1U8ajrs3TClKDdVzYkfbrZfcDqaZtSv96L3g-CNKeMXY3AQ_UpO6nxW4eBQOQdIVxWc6gSs06tUl_ecW65ms0E0DaYKexAhPa-D9CEtUAtiwwrTHxjq7JRiw2jEBWBjuSH0ODxjQEdPmgzjbaiZcuokOLgbw4DjHnWOVVTPLIPe5za8fg4xe-xiUNR_3ebNTe2PUcLignDxa4n1EXtFatEHoK3zZnkzTA1YYPo5pe68vl3Qv2A-u-eyU-HNmbusQf-_s5qYoVzdPyUZUMSa3rS7gYfVApiOsbGQ-CClacasKiE8&sig=Cg0ArKJSzJxjmzAozTeM&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

16th International Summer School on Vacuum, Electron, and Ion Technologies (VEIT 2009) IOP Publishing
Journal of Physics: Conference Series 223 (2010) 012016 doi:10.1088/1742-6596/223/1/012016

Dilute GaAsN and GalnAsN grown by liquid phase epitaxy

M Milanoval, G Koleval, R Kakanakov!, P K Vitanov®®, Z Alexieva?,
E A Goranova’, B Arnaudov®, S Evtimova®, C Barthou® and B Clerjaud*

'Central Laboratory of Applied Physics, Bulgarian Academy of Sciences,
59 St. Petersburg Blvd, 4000 Plovdiv, Bulgaria
*Central Laboratory of Solar Energy and New Energy Sources,
Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee, 1784 Sofia, Bulgaria
*Faculty of Physics, St. K1. Ohridski University of Sofia,
5 J. Bourchier Blvd, 1164 Sofia, Bulgaria
“Université Pierre et Marie Curie, Institut des NanoSciences de Paris,
rue de Lourmel 140, 75015 Paris, France

E-mail: vitanov@phys.bas.bg

Abstract. Dilute III-nitrides, such as GaAsN and GalnAsN, are of considerable current interest
both from a fundamental point of view and for applications in solar cells, GaAs-based long-
wavelength photodetectors and diode lasers. The addition of nitrogen leads to material
properties that deviate strongly from those expected for conventional III-V solid solutions.

The possibility was investigated to use liquid phase epitaxy to incorporate nitrogen in
epitaxial GaAsN/GaAs and GalnAsN/GaAs heterostructures. The structures were grown from
Ga- and Ga-In- melts containing powder GaN as a nitrogen source. The initial growth
temperature was varied in the range 560°C - 660°C. The low temperature growth favors
nitrogen incorporation in the epilayers. The optical transmission and photoluminescence
spectra of a set of structures grown at different temperatures were studied showing ternary and
quaternary dilute nitride solid solutions with nitrogen content about 0.2 at.%. The
photoluminescence spectra show emission from localized nitrogen states as well.

1. Introduction

The III-V-N semiconductor solid solutions have attracted a great deal of attention because of their
interesting physical properties and potential applications in optoelectronic devices and multi-junction
solar cells. One technologically important feature of GalnAsN quaternary solid solutions is that they
can have a perfect lattice match to a GaAs or InP substrate with an appropriate ratio of indium-to-
nitrogen fractions, thus avoiding the growth problems encountered in strained layers, such as the
ternary GaAsN and GaPN semiconductors.

Technologically, the incorporation probability of nitrogen in GaAs is very small and strongly
depends on the growth conditions. GaAsN-based solid solutions and heterostructures are first grown
by metaloorganic vapor-phase epitaxy (MOVPE) [1] and molecular-beam epitaxy (MBE) [2]. Only
one group, Dhar et al. [3], has reported liquid-phase epitaxy (LPE) growth of these compounds. The
advantages of the LPE are its simplicity, low cost and ability to produce materials of high quality.
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In this paper, we show the possibility to use liquid phase epitaxy to incorporate nitrogen in epitaxial
GaAsN/GaAs and GalnAsN/GaAs heterostructures and study the optical properties of GaAsN and
GalnAsN LPE layers grown at different temperatures.

2. Experimental procedure

Epitaxial layers of GaAsN and GalnAsN, 0.2-0.8um thick, were grown in a conventional horizontal
sliding boat LPE reactor on (100) oriented n-type GaAs:Si substrates from Ga- or mixed Ga-In melt.
Polycrystalline GaAs and powder GaN were used as an As and N sources, respectively. The N content
in the melt was 1.5 at.% for all layers studied. Epitaxial layers were deposited at different initial
temperatures in the range 560-660 °C at a cooling rate of 0.5 °C/min. The technological conditions of
the as-grown samples are summarized in table 1. The layers were not subsequently annealed.

Table 1.Growth conditions of the samples investigated.

Sample 66 68 70 72 74 75
GaAs GaAsN GaAsN GaAsN GalnAsN  GalnAsN

T 660 °C 660 °C 595°C 560 °C 570 °C 660 °C

The composition dependence of the effective band-gap of the layers was investigated by optical
transmission spectroscopy. Transmission spectra were measured in the spectral range 850-2000 nm by
a UV-3600 Shimadzu double-beam UV-VIS spectrophotometer. In order to increase the
signal-to-noise ratio, the substrates of GaAsN/GaAs and GalnAsN/GaAs heterojunction samples as
well as the GaAs reference sample were thinned down to 90 um.

The CW photoluminescence (PL) spectra under excitation of a Coherent 488 nm 12 W Argon laser
were measured at 5 K. They were analyzed by a Jobin-Yvon Spectrometer HR460 and a multichannel
CCD detector (2000 pixel).

3. Results and discussion

3.1. Absorption spectra discussion
Figure 1 a), b) shows the transmission spectra of several GaAsN and GalnAsN layers respectively,
compared with the reference GaAs sample 66.

It is seen that the absorption edge for all N-containing samples is red-shifted compared to the GaAs
one. The red shift for the samples investigated increases when the growth temperature decreases. This
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Figure 1. Normalized transmission spectra of a) GaAsN/GaAs samples and
b) GalnAsN/GaAs samples.
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fact is in accordance with the effect of the growth temperature on the N concentration in GaAsN
reported by Toivonen et al. [4], thus confirming the incorporation of nitrogen under our growth
conditions. According to Tisch et al. [5], the red shift of the absorption spectra observed in figure 1
corresponds to a nitrogen content in the solid solution epitaxial layers near or less than 0.2 at.%.

3.2. PL spectra discussion
Figure 2 shows representative PL spectra for the samples listed in table 1.

First, narrow excitonic-like emission bands near 1.52 eV are recorded in the spectra of all N-
containing layers and the reference GaAs layer, as well as at 1.49 eV for sample E75. Such narrow
bands are typical for intentionally undoped GaAs of relatively good quality and are observed in similar
N-containing GaAs-based structures, as published by Dhar et al.[3], Makimoto et al.[6] and Zhang et
al. [7]. These bands have been explained, e.g. by Toivonen et al. [4], as due to free-to-impurity
recombination.
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Figure 2. Low temperature PL spectra of Figure 3. PL spectra of GalnAsN/GaAs
all samples. samples.

A broad emission band at 1.3 - 1.5 eV is observed in the spectrum of the N-containing sample 72.
The same band but with relatively lower intensity is observed in the spectra of the other N-containing
samples 68-75 also shown in figure 2. This emission band is the only “individual” announcement of
the N-content in the epitaxial layers studied and is an additional evidence for N presence in ternary or
quaternary solid solutions, in accordance with the above discussed absorption spectra. Very weakly,
near the noise level, this emission band is observable in the spectrum of the reference sample 66. For
sample 70 the intensity of the 1.3 - 1.5 eV emission band is comparable with the intensity in the
reference sample 66.

Figure 3 shows detailed emission spectra of the quaternary GalnAsN layers. We observe a set of 4
or 5 relatively narrow emission bands in the range 1.42 - 1.48 eV, shown in figure 3 for sample 74 and
75. These “peaks” grow up on the high-energy slope of the above discussed broad 1.3 — 1.5 eV
emission band and support the assumption that the added In increases the optical activity of the
nitrogen in the GaAs-based epilayers. Similar sets of 5 peaks in the same spectral region are reported
by Makimoto et al.[6] and Zhang et al. [7];they are assigned - simultaneously with the peaks at 1.518
eV - to an excitonic activity of localized nitrogen states - a free exciton at 1.518 - 1.514 eV and an
exciton bound on nitrogen as an isoelectronic impurity and on N-N pairs [6]. These excitonic lines are
manifested at N-concentration in the layers up to 1.5x10" cm™. They disappear over this limit and are
displaced by the wider emission band at 1.425 eV, which is assumed to belong to the GaAsN solid
solution. In our case we observe the localized nitrogen states luminescence simultaneously with the
“solid solution-related” 1.3 — 1.5 eV emission band.

Bands at 1.32 eV are observed in the emission spectra of GalnAsN layers - figure 3 black line.
Similar emission bands are reported by Sprutte et al. [8] in QWs of GalnAsN and by Wang et al. [9] in
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GaAsSbN, associated with potential fluctuations and N-clusters of more than two N atoms. The
lowest-energy emission band observed in the GalnAs layer is at 1.15 eV - sample 74, figure 3. Similar
bands are reported also by Toivonen et al. [4] and by Fan et al. [10] for QW structures.

4. Conclusion

Dilute nitride - GaAsN and GalnAsN - 0.2 — 0.8 um thick layers are grown on GaAs substrates by
low-temperature LPE using powder GaN as a nitrogen source. The heterostructures are investigated by
optical transmission and photoluminescence spectroscopy. The absorption edge for all N-containing
samples is red shifted compared to the GaAs one corresponding to nearly 0.2 at.% nitrogen in the solid
solution. The PL spectra at 5 K show — except the GaAs-related excitonic emission bands — several
emission bands at 1.3 - 1.5 eV and at 1.15 eV, attached to the ternary and quaternary solid solutions,
respectively. A set of 4 or 5 relatively narrow emission bands in the range 1.42 - 1.48 eV in the PL
spectra of GalnAsN layers is an evidence that the added In increases the optical activity of the
nitrogen in the GaAs-based layers and that the nitrogen acts in localized states as well.
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