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The InGaNAs semiconductor is promising for high performance long wavelength
laser diodes (L.Ds). It can be grown pseudomorphically on GaAs and is a light-
emitting material with a band gap energy that is suitable for optical fiber
communications [1]. InGaNAs/GaAs multiple quantum wells (MQWs) have been
studied by means of photoluminescence (PL) which provides information about the
structural changes that occur when annealed. Thermal annealing is very effective to
improve optical quality of InGaNAs crystal grown by MOVPE [2]. The samples are
grown on undoped (001) oriented GaAs substrates with 1.5% nitrogen concentration
and include 5 period of InGaNAs/GaAs MQW with the barrier thickness 19.3 nm and
well thickness 5.7nm and a 50nm capping layer of GaAs in the outermost of structure.
Our data show that thermal annealing processes including 15 sec. rapid thermal
annealing (RTA) at 650°c in N, atmosphere followed by 30 min MOVPE reactor
annealing (R) at the same temperature and second RTA, increase the PL intensity by
two order of magnitude and decrease the FWHM from 45 meV to 22 meV as well as
79 meV blueshift correspond to as grown one at low temperature.
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Fig. 1- PL spectra of InGaNAs/GaAs MQW samples with different thermal annealing conditions.
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Enhancement of the optical emission of InGaNAs/GaAs quantum wells under
rapid thermal annealing (RTA)

Amiri, Roohollah s Haratizadeh, Hamid *; Holtz, P. O. *
! Physics Department, Shahrood University of Technology, 3619995161, P.O. Box 316, Shahrood, Iran

* Department of Physics and Measurements Technology, Linkoping University, 581 83 Linkoping, Sweden

Abstract

In this report, the effect of rapid thermal annealing (RTA) on the optical properties of InGaNAs single guantum
wells has been investigated by means of photoluminescence. RTA reduces the local strain created by nitrogen.
Effect of annealing time also has been studied for different samples with various nitrogen concentrations. By
annealing process a blue shifted emission can be observed for all samples which is smaller for the sample with
higher nitrogen concentration. The full width at half maximum (FWHM) of the annealed samples decreases due
to the reduction of fluctuation potential.
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Improvement of the optical quality of InGaNAs/GaAs quantum wells under
multiple thermal annealing processes

Amiri, Roohollah '; Haratizadeh, Hamid '?; Holtz, Per Olof 2
" Physics Department, Shahrood University of Technology, 3619995161, P.O. Box 316, Shahrood. Iran

* Department of Physics and Measurements Technology, Linkoping University, 581 8¥Linkoping , Sweden

Abstract

Asthe following of the earlier studies, the effect of thermal annealing on the structural changes of InGaNAs
nano-structures have been investigated by means of photoluminescence (PL) spectroscopy. In this report,
InGaNAs/GaAs multiple quantum wells (MQWs) have been thermal annealed under the nitrogen atmosphere
contrary to the earlier project. Optical properties of MOW samples have been investigated at low temperature
under the rapid thermal annealing (RTA) process at the presence of N> gas as well as reactor annealing (RT)
process at the presence of H,+AsH; gas. Effect of thermal annealing with and without N, on the PL spectra
energy emission as well as the full width at half maximum (FWHM) have been investigated.
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Abstract

Dilute Nitride Semiconductor (low nitrogen-containing ternary and quaternary alloys) have
recently attracted much attention due to their fundamental properties promising for device
applications in optoelectronics and photonics such as highly efficient near infrared lasers,
multi-junction solar cells, as well as heterojunction bipolar transistors (HBTs).

Among these alloys, InGaNAs/GaAs nanostructures emitted in 1300 -1550 nm are suitable
for optical telecommunication and multi-junction solar cells. However incorporation of a
few percent of nitrogen causes reduction of band gap to reach to this wavelength range,
reduces optical qualities intensively. Low temperature growth leads to structural defects
and causes increasing in nonradiative centers. In other hands non uniform distribution of
nitrogen causes potential fluctuation and increase in full width at half maximum (FWHM).
Also formation of N-H bands neutralizes optical influence of nitrogen. Various thermal
annealing processes remove these problems by modification in structure. Thermal
annealing leads to uniform distribution of nitrogen and breaking of N-H bands, forming
In-N bands, reduction in structural strains and activation in optical influence of nitrogen.
This thesis focused on the effect of thermal annealing on optical and structural qualities of
GalnNAs/GaAs QWs. The thesis is mainly based on experimental investigation by using
the photoluminescence (PL) technique. The results of measurement reveal emission peak
blueshifted in all samples by thermal annealing. To reach suitable conditions, various
parameters like thermal annealing process type, annealing temperature and time, etc. should
be controlled. Findings illustrate that suitable thermal annealing temperature range is 600-
700c¢, and 1it’s better to avoid escaping of nitrogen from compound during annealing, by

surrounding samples with N, gas.
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