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'Infrared (IR)

" Vertical Cavity Surface Emitting Laser (VCSEL)
f“ Band Anticrossing

" Phototuminescence (PL)
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Effect of nitrogen on the bandgap reduction of InGaNAs nano-structure

Gholami. Maryam', Haratizadeh. Hamid'?, Holtz. P.O*

Physics Department, Shahrood University of Technology, 3619993161, P.O. Box 316, Shahrood. Iran
“Department of Physics and Measurements Technology. Linkoping University. 581 83 Linkoping, Sweden

Abstract

We have investigated the role of nitrogen on InGaNAs alloys with photoluminescence spectroscopy
measurements. Incorporation of nitrogen in host atoms (InGaAs) creates a localized level inside the conduction
band which interacts with it. so this interaction leads to a splitting of the conduction band into two subband and
a reduction of the fundamental bandgap because of bandanticrossing between them. We confirm these subbands
by the k.p calculations.

Increasing of the temperature decreases bandgap that we see these properties in PL spectra with the
comparison between different temperatures. Also existence of localization is seen in the asymmetry PL spectra
especially at low temperatures whereas in more nitrogen compositions, localized excitons are increused which
are seen with expansion of FWHM of PL spectra in more nifrogen concenirations.

PACS No. 78,73
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Role of nitrogen on carrier localization in InGaNAs/GaAs single quantum well
M. Gholami', H. Haratizadeh'?, P.O. Holtz’

"Phys:'cs Department, Shahrood University of Technology, 3619995161, Shahrood, Iran
“Department of Physics and Measurements Technology, Linkoping University, 581 83 Linkoping,
Sweden

InGaAsN/GaAs single quantum wells emitting in the range of 850 — 1300 nm, are
interested for telecommunications and long wavelength optoelectronic devices [1, 2]. We
have investigated the optical properties of a set of In,Ga;.«NyAs;,/GaAs SQWs structures
which are grown on undoped (001 oriented GaAs substrates with nitrogen concentration
less than few percent by means of photoluminescence (PL) at different temperatures and
different excitation powers.

Influence of nitrogen give rise to localized fluctuation that increases PL efficiency and
make localization [2, 3].The presence of localized carriers can be inferred from the
temperature dependence of the PL spectra in form of s-shape energy peak behavior in
Ing 36GaNooosAs SQW (Fig. 1) and in near bandgap PL emission in the InGa;NyAs,.,
that has a very asymmetric PL line shape at fow excitation power (not shown). The
localization energy is about 5 meV and delocalized temperature is nearly 75 K (Fig. 1). 1n
this paper the role of the nitrogen on carrier localization have been discussed.
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few hundred meV. Samples that described here have around thirty percent Al therefore -
calculation have shown that we have 289.8 meV conduction band energy level and 193.2 %
meV valence ones [3]. Additionally, we should indicate that we have used bowing

parameter form A. Onten et al [4] results, which published fairly, zero. -
For an infinitely deep well, the only allowed solution outside the well is'W(2) = 0. Inside

the weil there are solutions of the form YW(z)xcosdz and W(z)« sin 4z
where /é:(z—’;"i)”z. For a well of finite depth, the same solutions ¥(z) o« cos £z and
W(z) o sin £z remain valid inside the well. Outside the well; however, the solution now
takes the form () oc ¢*% . Since the value of the wave function now differs from zero
outside the potential well, there must be some probability of finding the particle outside

the potential well. The wave functions cos #zinside the well and e** outside it constitute

a solution of the Schridinger equation for the same value of the energy E if k and ¢ are
given by #=(2£)"" and g=(ZC=2)"? © Wave function P(2) and its derivative
d¥(2)/dz must be continuous everywhere. From this condition and the boundary
conditions that W(z) — 0 for z — +eo , it follows that solutions can only be found for

certain value of k and q.

A=gtan{qa) . #=—qcot(qa) (hH
By below representation:
2
P 2m V70a . y=qa @)
P
Will have:
NA=Y? Ay’
—i—:tany , ——y—:—coty 3)
y

As have been shown in Fig.1 with intersection between two parts of above functions we
can find suitable 2. By considering equ.l with calculation of q, all energy levels for
electron, heavy hole, and light hole as you can find in table below will obtain:

Figurel: Intersection between two parts of function (3) to find first electron
energy levels for a) 30A and b) 200A quantum well structures.

When we add first energy level of electron in the conduction band and heavy-hole in the
valence band with low temperature GaAs bandgap in 30 A quantum well (1.519 eV), we



can find first transition energy of this well about 1.609 eV. If we compare this theory
value with experimental peak position in figure (2) this value has around [l meV
difference. Repeating of this process for 200 A quantum well, we will find so good
agreement between theory and experimental values.

Tablel: Calculatian of first energy level foe electron, heavy hole, and light hole in two different
GaAs/Aly3Gag 7As quantum wells structures.

r Electron level(meV) | Heavy hole level(meV) | Light hole level(meV)
a=30(A) 71.21 19.58 49.46
a=200A) 3.12 0.65 2.2

Theoretical calculation shows we should have a transition about 1.5227 ¢V for 200 A
well whereas as you recognize in figure (2) experimental data have been shown a
nominally sharp peak at 1.5257 eV. PL spectroscopy has proven extremely useful in
characterizing interfacial disorder in nanosiructure systems. This topological disorder
may produce measurable changes in the spectra, including peak energy shifts, linewidth
changes, and changes in lineshape. The structure-dependent inhomogeneous linewidth of
exciton emission in quantum well structures may arise from two different mechanisms:
(1) a layer-to-layer thickness variation in the sample, leading to changes in confinement
energies for the different layers;(2 ) thickness fluctuations with each layer. Weisbuch et al
[5]. were among the first to examine these issues in quantum wells. As mentioned above
doublet peak shown in 200 A well in figure (2) refers to interfacial roughness.
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Figure2: PL. and PLE results comparing in GaAs/Aly5GagAs quantum well
nanostructure with different well width from 304 through 200 A.

We have examined the Stocks shift between the peak in the PL emission spectrum and
the peak in the PL excitation (PLE) spectrum. Figure (2) shows their results for 30 and
2008 thick GaAs/Alg; Gag7 As quantum well. We observe 3.2 and 1.1 meV linewidth in
the PL spectrum and 5.7 and 1.5 meV Stocks shift between PL and PLE spectra in 30 and
200 A quantum wells, respectively. The PLE spectrum clearly shows the absorption
peaks due to heavy-hole excitons. The PL emission is attributed to the heavy-hole exciton



with the light-hole exciton absent in the spectrum. This is an indication that the excitons
are localized at the interface defects (well-width fluctuations), and that the emission
comes from these localized excitons.

Conclusion:

Theoretical calculation according symmetrical finite square quantum well shown a good
agreement between these results and PL peak position in the experimental results and this
is a confirmation for inexistence of electrical field in GaAs/AlGaAs Nanostructure QWs.
Doublet peak particularly, shown in 200 A well refers to interfacial roughness. We have
examined the Stocks shift between the peak in the PL emission spectrum and the peak in
the PL excitation (PLE) spectrum
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Investigation of excitation intensity on the optical emission of InGaNAs nano-structures
by photoluminescence (PL) spectroscopy

Gholami. Maryam’, Haratizadeh. Hamid"?, Holtz. P.O"*
! Physics Department, Shahrood University of Technology, 3619995161, P.0 Box 316, Shahrood, Iran
‘7Deparzment of Physics and Measurements Technology, Linkoping University, 581 83 Linkoping, Sweden

Abstract
Ajfect of the N on the InGaNAs nanostructures has been investigated by variation of the excitation power in PL
spectra. In fact existence of N in InGaAs give rises fo the large changes in its band structure, for example N
makes spatially localized fluctuations in the potential energy and capture centers.
The energy emission is blue shifted by increasing excitation power due to the filling effect of the localized states
but the PL specira is not affected by increasing power of excitation af higher temperatures because of
decreasing the fluctuation and localization states due to the filling effect.

PACS No. 78,35
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“Effect of N on the Optical Efficiency of InGaNAs Nano-Structures for Potential
Applications in Optoelectronic and optical Fiber Telecommunication”

Gholami. Maryaml, Haratizadeh. Hamid"l, Holtz. P.O"

! Physics Department, Shahrood University of Technology, 3619995161, P.O. Box 316, Shahrood. Iran
“Department of Physics and Measurements Technology, Linkoping University, 381 83 Linkoping, Sweden

Abstract:

Recently, the quaternary InGaAsN alioy system has attracted a great deal of attention due to its
potential application in devices such as next generation multi-junction solar cells and
optoelectronic devices for optical communications in IR region. These characterizations are
because of variation of InGaNAs band structure, and can be explained by using band anticrossing
model that is a result of interaction between the delocalized CB and the nitrogen-related level Ex.
The band-gap of InGaNAs is very sensitive to the nitrogen content and according to this model
the band-gap is decreased with increasing of N content. Therefore it is easier access to
wavelength of emission light at [R region. In other wise N creates the potential fluctuations in the
[nGaNAs that makes localized centers and increase non-radiative recombination especially at low
temperatures, this issue can be explained by increasing of FWHM of PL spectra. PL integrated
intensity shows optical efficiency that in Ing;sGaNoesAs SQW is decreased with increasing
temperature, but the larger carrier confinement achieved in our QWs with nitrogen from 150 K to
300 K that makes the luminescence signal more thermally stable.
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Abstract

In recent years we have found much signilicant deployment in rescarches on diluted
alloys of N with standard group [H-V semiconductors such as InGaNAs.

The main reason of studying these alloys is due to their very unique physical
propertics and potential applications in optocelectronic devices such as solar cells, LEDs,
optical fibers in §.3-1.5 micron tclccommunications wave length range.

In fact the incorporation of a few percent of N into -V alloys causes many changes
in their band structure that is explained by anticrossing model. According to this model,
the clectronic structure of the conduction band of GalnAsN s determined by an
interaction between highly localized nitrogen states (resonant with the conduction band)
and the extended conduction band states of InGaAs host semiconductor matrix. This
interaction leads to a splitting of the conduction band into two subbands 15, and 15 The
states of subbands are represented by wave lunctions that arc a mixture of extended
conduction band and localized nitrogen states. Also this inleraction causes band repulsion
in CB, which is responsible for the band-gap shrinkage that is confirmed by obscrvation
of redshilt of peak position of PL spectrum in InGaNAs by adding N.

Morcover incorporation of N in InGaAs alloy makes Tuctuations in surface of SQWs
that causes trapping and localization central for carriers and this cffect could be
undrstood by S -shape behavior of peak position of PL spectrum with temperature and
blue shift of peaks position with increasing excilation intensity and asymmectry low
energy tatl in InGaNAs at low temperatures and low excitation intensity in Pf, spectra.
With increasing temperature and excilation intensity, excitons localization in PL low
cnergy Lail reflects by filling of the localized states. Finally at high temperature and
intensity a new component adds to the spectrum on the high energy side, which we
attribute to free exciton recombination in the InGaNAs QWs. All of these behaviors are
related o samples containing nitrogen and has not been observed in free N osamples.
Theretore with increasing of Nointo InGaNAs we could access to wavelength of emission
light at IR region (850-1500 nm) also with creating of localization duc to overlap of
electron & hole increases the optical emission cfficiency. By the way the optical
efficiency of GalnNAs alloys is decrcased when incorporation of N in this structure 1s
increased that is commonly attributed to the poor structural quality of the N-containing
alloys, thus non-radiative recombination in these structures is increased and this can be
obscerved by reducing of PL intensity. But according to recent studies, the alloy quality
can be substantially improved by using post-growth treatments, such as oven anncaling or
rapid thermal anncaling

Also in sharp contrast to the parent GalnAs material, where the fundamental bandgap
energy increases lincarly under applied hydrostatic pressure, the band gap encrgy in the
N-containing alloys (corresponding to the F. transitions) exhibits much weaker sublincar
pressure dependence with a tendency to saturate at high pressures. The unusual pressure
behavior of the bandgap encrgy has been detected both via photoluminescence in the basc
of band anticrossing model (BAC). Another property of InGaNAs is incrcasing ol the
clectron effective mass because of N, which is resulting from the nonparabolicity of the
CB of the InGaNAs.

Key Words:  GalnNAs,  Optoclectronic, IR region,  Photoluminescence  (PL)
spectroscopy, Band anticrossing model, B, & L. Subbands, Excitons localization, S-shape
behavior, Llectron-hole, Emission efficiency. Llfective mass, Hydrostatic pressure



