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Designing of a nanoscale Quantum Well (QW) heterostructure with a well thickness of ~60 A is critical for
many applications and remains a challenge. This paper has a detailed study directed towards designing of
Ing.20Gao71Asp.99No o1 /GaAs straddled nanoscale-heterostructure having a single QW of thickness ~60 A
and optimization of optical and lasing characteristics such as optical and mode gain, differential gain,
gain compression, anti-guiding factor, transparency wavelength, relaxation oscillation frequency (ROF),
optical power and their mutual variation behavior. The outcomes of the simulation study imply that for

;;eé:vgsrgf: the carrier concentration of ~2 x 10'8cm~3 the optical gain of the nano-heterostructure is of 2100 cm~!
Optical gain at the wavelength is of 1.30 wm. Though the obtained gain is almost half of the gain of InGaAlAs/InP
Gain compression heterostructure, but from the wavelength point of view the InGaAsN/GaAs nano-heterostructure is also
Heterostructure more desirable because the 1.30 wm wavelength is attractive due to negligible dispersion in the silica

based optical fiber. Hence, the InGaAsN/GaAs nano-heterostructure can be very valuable in optical fiber

based communication systems.
© 2018 Association of Polish Electrical Engineers (SEP). Published by Elsevier B.V. All rights reserved.

1. Introduction

Recently, IlI-Nitride compound semiconductors based het-
erostructures, especially nano-scaled heterostructures, have
attracted researchers belonging to optoelectronic community
due to their potential applications such as light emitting diodes
(LEDs), field effect transistors [1-4], detectors, solar cells and
laser diodes [5,6]. Nano-heterostructures are ubiquitous of nano-
semiconductor devices and have brought drastic changes in
our routine life and are considered as heart for optoelectronic
devices. The Ill-nitride based semiconductors, for examples: GaN,
InN, AIN and their alloys, have been found to provide unique
electrical, electronic, optical and mechanical properties which can
be utilized for designing of future photonic and optoelectronic
devices [7-9]. Since these semiconductors have wide band gap
ranging from 1.9eV to 6.2 eV, and, therefore, these materials can
be used in the fabrication of optoelectronic devices operating
in visible-to-ultraviolet regime. Examples are green, blue lasers
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and photo detectors. To date, Ill-nitrides based photodetectors
operating in ultraviolet regime have exhibited promising output.
In addition, IlI-nitrides based LEDs have been commercialized due
to emission of a super bright blue and green light. Moreover, these
materials have some exceptional physical properties which make
the devices ready for applications beyond the data storage and
imaging [10]. These materials are also useful in high temperature
electronics and space applications because these are physically and
chemically strong. This property makes them ideal for operation
in cruel environment.

For the last three decades a lot of experimental and theo-
retical work has been carried out on Ill-nitride heterostructures
and demonstrated their working with efficient characteristics suc-
cessfully. For example, in 1982, first time Yoshida et al. [11] had
fabricated GaN/AIN heterostructure and demonstrated that by
using AIN buffer layer the cathode luminescence efficiency of the
overlaying GaN could be improved. The main success in the his-
tory of Ill-nitride materials was achieved by a p-type doping in a
GaN technology. Since, in general the n-type doping has been much
easier than the p-type doping in these materials. The reason behind
this fact is that the Ill-nitride materials have the tendency to show
the n-type conductivity during their growth. The n-type doping in
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GaN has been incorporated using Ge, Si, S, and Se; while the p-type
doping in GaN, InGaN and AlGaN has been achieved using Mg. Since
the doping mechanism is very sensitive to dopant flow rate, hence
the doping control is not so easy and, therefore, requires full atten-
tion of researchers during growth of these materials and in near
future much more research work is needed in this direction.

Thus, using the p-type doping technology in 1993 for the
first time Nakamura [12] had fabricated heterostructure based p-
GaN/n-InGaN/n-GaN blue LEDs and was awarded by Nobel Prize for
this work in 2014. Nakamura et al. [ 13]. demonstrated, in 1996, first
violet laser which was based on InGaN/GaN/AlGaN heterostruc-
tures. In 1994, Khan et al. [ 14]. demonstrated the first breakthrough
of high mobility transistors based on AlGaN/GaN heterostructure.
Thus, prior to realize these devices, growth of device quality epilay-
ers, study, and fabrication of heterostructures are required. Several
groups have reported high quality InGaN/GaN multi quantum well
(MQW) system grown by MBE (Molecular Beam Epitaxy). The MQW
based heterostructure of InGaN/GaN material system with differ-
ent indium mole fractions having 10-periods has been reported
by Shen et al. [15]. Again, the MQW based heterostructure of
InGaN/GaN material system with abrupt interfaces between wells
and barriers was reported by Ng et al. [16].In 2006, the heterostruc-
tures of InN/InGaN material system having 20 MQWs have been
fabricated using radio frequency PAMBE (plasma assisted molecu-
lar beam epitaxiy) and reported by Che et al. [17]. Among other
IllI-nitride based heterostructures, the InN/GaN material based
heterostructures have several advantages in the area THz (Tera
Hertz) electronic devices operating in THz region [18]. The main
advantages are: high emission rate of optical phonon (~ 2.5 x 1013
s~ 1), high thermal conductivity, very high electron drift velocity
(~5x107 cm s~1) in InN and large conduction band offset value
which ensures the blocking of the conduction current over the bar-
riers of the heterostructures [18,19]. But, there is one disadvantage
of these semiconductors is that they have high effective masses in
comparison to conventional semiconductors and, thus they have
low carrier’s mobility; but this drawback is compensated by the
high electron drift velocity exhibited by these materials.

From the application point of view, Ill-nitride materials based
devices are more beneficial in comparison to conventional semi-
conducting materials. For example, IlI-nitride materials based UV
photodetectors are much sensitive to ultraviolet radiations while
insensitive to infrared radiation. Thus, these devices are applicable
in order to detect the ultraviolet radiations existing in the infrared
and visible background [20]. Due to this, the Ill-nitride devices
can be utilized in engine and furnace monitoring for automotive,
flame detection, undersea communication, petroleum industry,
and space-to-space communication, and in chemical analysis sys-
tems. One of the major advantages is that the IlI-nitride devices can
be expected to work without optical filters due to their low dark
currents and theoretical intrinsic solar blindness and, obviously,
this behaviour of these devices reduce the launch weight for space
significantly.

In the recent decade, a lot of progress on Ill-nitride mate-
rial based semiconducting heterostructures has been reported
focusing, particularly, on their usage. For example, nitride hetero-
junctions based tandem solar cells have been reported for their
maximum conversion efficiency up to 45% [21]. Also, the dilute
nitride based heterostructures have been found in form of a strong
device for the development of frequency-doubled high brightness
laser sources which can emit red-orange radiations [22,23]. Such
device could be developed with the help of technological advance-
ment of a high-quality fabrication of dilute nitride gain mirrors
giving photonic emission at 1220-1240 nm wavelengths [24]. In
the last decade, Riechert et al. [25]. have reported growth mech-
anism of a type-I InGaAsN/GaAs heterostructure along with its

some electrical properties but have not studied optical properties
in detail.

The aim of this paper is to focus on optical properties along
with some electrical characteristics of a straddled (or type-I)
InGaAsN/GaAs material based nano-heterostructure. In order to
study the optical characteristics of the heterostructure such as opti-
cal gain, mode gain, differential gain and gain compression, the
mechanism of conduction and valence band has been studied by
studying the behaviour of the envelope functions or wavefunctions
associated with the respective bands lying in the active region of
the heterostructure by making use of k.p method within the frame
work of GAIN simulation package.

2. Device’s structural detail and supported theory

The device structure of InGaAsN/GaAs material system is very
simple and has type-I (straddled type) heterostructure, in which
the band gap of the sandwiched material (active region) has been
considered very small in comparison to the barrier region. For
the formation of active region (quantum well) in the heterostruc-
ture, InGaAsN quaternary material has been selected keeping in
view its band gap and, hence the operating wavelength of the het-
erostructure. The active region of the device sandwiched between
two barriers followed by claddings. The barriers and claddings are
considered of GaAsN (with dilute N) material. The width of active
region (quantum well region) is taken as 60 A; while barriers are of
width ~50 A. The details of design parameters are listed in Table 1.
Here, the size of active region is approximately comparable to the
de-Broglie wavelength. The region behind the chosen of such size of
active region is to have quantum confinement of the envelope func-
tion (or wave function) associated with the quantum well. Because,
for the quantum mechanical observations such as optical emission
or optical absorption, the size of the active region should be compa-
rable to the de-Broglie wavelength. The entire device is supposed
to grow on a GaAs substrate. The choice of the GaAs substrate for
such a device is preferred so that the lattice constant of the active
region material can be matched with lattice constant of substrate
and, hence lattice matched condition of a quantum well with the
substrate could be maintained in order to avoid unnecessary strain
in the device. The unnecessary strain produced in the device may
degrade the device performance. For example, in a recent work,
type-I1 InGaAs/GaAsP nano-heterostructure grown pseudomorphi-
cally on GaAs substrate (in which InGaAs material is lattice matched
with GaAs substrate) has been found to exhibit good performance
[26].

In order to optimize the optical properties of the heterostruc-
ture, use of basic quantum mechanics has been done. For the
conduction band analysis, initially it is assumed that the con-
duction band of the active region is semi-parabolic and with
this assumption the Schrédinger equation is solved to find out
the wavefunctions of electrons in conductions band and their
corresponding discrete energies (conduction subbands). For under-
standing the mechanism of valence band, k.p method is utilized. An
8 x 8 Kohn-Luttinger Hamiltonian is solved to obtain the wavefunc-
tions associated with the valence subbands and their corresponding
discrete energies, i.e., heavy and light holes’ energies. The calculated
energy values of electrons and holes are mentioned in Table 2. To
perform such calculations, a particular simulation package (GAIN)
has been utilized which works in the vicinity of the zone centre at
the I" point. The limitation of this software is that it does work only
for I1I-V semiconducting materials and particularly for direct semi-
conductors that’s why the I" point is chosen. It may be noted that
in these calculations the split-off (SO holes) subbands have been
neglected because their position is found to lie much below the top
of the valence band.
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Table 1
Design parameters of InGaAsN QW Heterostructure.

Role of Layer Layers Specification Layers Thickness Lattice constants (A) Strain Conduction Valence band
(A) band edge-offset edge-offset
(eV) (eV)
Quantum well Ing29Gap71As0.99No.01 60 5.766 —0.020 0.1076888 —0.0538444
Barrier GaAso.10No.90 50 6.017 —0.060 0.3450696 —0.1478870
Cladding GaAso41Noso 100 5.892 —0.040 0.7036184 —0.3015508
Substrate GaAs - 5.653 - - -
Table 2
Energies values of the electrons and holes.
CONDUCTION BAND ELECTRON ENERGIES VALENCE SUBBAND ENERGIES
Energy of first electronic state: 0.178 eV For Heavy Holes (HH)
Energy of second electronic state: 0.349 eV Energy of first hole (HH) state: 0.867 eV
Energy of third electronic state: 0.451 eV Energy of second hole (HH) state: -0.122 eV
Energy of fourth electronic state: 0.529 eV Energy of third hole (HH) state: -0.167 eV
Energy of fifth electronic state: 0.690 eV Energy of fourth hole (HH) state: -0.178 eV
Energy of fifth hole (HH) state: -0.218 eV
Energy of sixth hole (HH) state: -0.252 eV
For Light Holes (LH)
Energy of first hole (LH) state: -0.150 eV
Energy of second hole (LH) state: -0.190 eV
Energy of third hole (LH) state: -0.240eV
Energy of fourth hole (LH) state: -0.297 eV
The optical gain (within both TE and TM modes) in the designed T T T T T T T 0.30
heterostructure can be simulated by the following expression of 0454 Quasi Fermi energy with Carrier Density I
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The appearance of the factor 2 in the above formula has replaced
the sum over o for the holes’ spins in the valence band only.

The anti-guiding factor (o), which support gain characteristics
of the heterostructure, can be determined by the expression as
o =4m(—n')/AG'; where ' and G are the differential gain and
differential refractive index change with respect to carrier concen-
tration, respectively, in the nano-heterostructure, \ is the lasing
wavelength.

3. Results and discussions

The study of quasi Fermi levels is an essential requirement to
explain the behaviour of optical gain in the QW Straddled type het-
erostructures. Under the non equilibrium cases, these quasi Fermi
levels play a very important role in specifying the carrier con-
centrations in the heterostructure. The separation between quasi
Fermi energy levels plays a critical role in the semiconducting het-
erostructure because of its relationship with the density of injected

Fig. 1. Conduction and valence bands quasi Fermi levels as a function of Carrier
density for Ing29Gag71AS0.99No.01/GaAs straddled heterostructures.

carriers and the intensity of optical gain [32]. In order to achieve
the optical gain in the proposed heterostructure, the separation
between the quasi Fermi levels must be greater than the energy
band gap of the material of the quantum well within the het-
erostructure. In a better explanation, the separation between Fermi
levels equal to energy band gap of the quantum well region can be
referred as the transparency condition that results into zero opti-
cal gain. On the other hand, if the separation between Fermi levels
is less than the band gap, then the resulting optical gain becomes
negative and can be referred as optical loss. In Fig. 1, the behaviour
of quasi Fermi levels for electrons in the conduction and holes
in the valence bands in the left (black) and right (blue) y-axes,
respectively, is shown for Ing29Gag71ASg99Np.01/GaAs straddled
heterostructures. Figure 1 predicts that quasi Fermi energies for
both the conduction and valence bands are increased as an increase
in carrier density. Moreover, the separation between both the quasi
Fermi levels is also increased as an increase in carrier densities.
Thus, this separation has a crucial role in the existence of optical
gain in the proposed straddled heterostructures.
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Fig. 3. Optical gain with Lasing wavelength for InGaAlAs/InP and
Fig. 2. Optical gain and Modal gain with Lasing wavelength for Ing29Gag71AS0.99No.01/GaAs straddled heterostructures.

Inp.29Gag.71As0.99No.01/GaAs straddled heterostructures.

The optical gain is the fundamental characteristics of the quan-
tum well heterostructures’ based lasers. According to the theory
of density matrix, the optical gain can be determined by summing
up contribution from overall transitions in between the electrons
and holes in the conduction and valence sub-bands, respectively.
The optical gain which depends on the confinement factor, GRIN
(graded refractive index) layers and number of quantum wells is
termed as modal gain [33]. For Ing29Gag 71 ASg.99No.01/GaAs Strad-
dled Heterostructures, the behaviours of optical gain and modal
gain in terms of lasing wavelength are plotted on the left (black)
and right (blue) y-axes, respectively in Fig. 2. In the both spectra
of optical gain and modal gain, two peaks are observed. Occurring
of the upper peak is due to transition between electrons associated
with the first conduction subband and heavy hole subband; while
the lower peak is obtained due to the second conduction subband
and heavy hole subband. The maximum optical gain and modal gain
are obtained of the order of ~2100 cm~! and 20 cm~!, respectively,
at a lasing wavelength of 1.30 um, as shown in Fig. 2. Actually, the
lasing heterostructures emitting the radiations in the wavelengths
of ~1.3 wm have generated great interest for applications in optical
fiber communications because the 1.3 wm wavelength is attractive
due to zero dispersion in the silica based optical fiber. For these rea-
sons, it is important to have a light emitter heterostructure which
can operate at wavelengths of 1.3.

Taking into account the interest on InGaAlAs/InP heterostruc-
ture that shows a peak gain at 1.55 um (preferred wavelength
for minimum optical loss), the optical gain characteristics of
InGaAsN/GaAs heterostructure have been compared with the
InGaAlAs/InP heterostructure. Both of these structures are of
same geometry. Figure 3exhibits comparative optical gain spec-
tra for the same carrier concentrations (~2 x 10'8cm~3) between
InGaAsN/GaAs and InGaAlAs/InP straddled heterostructures. In
case of InGaAsN/GaAs heterostructure, the obtained maximum
optical gain (i.e., ~2100 cm~! at 1.30 wm) is almost half of the max-
imum optical gain (i.e. ~4200 cm~! at 1.55 wm) of InGaAlAs/InP
straddled heterostructures. In addition, for both of these het-
erostructures, transparency wavelengths have also been compared.
In Fig. 3, it can be seen that the proposed InGaAsN/GaAs nano-
heterostructure exhibits low transparency wavelength (of the
order of ~0.93 wm) as compared to the transparency wavelength
(~1.19um) of InGaAlAs/InP heterostructure, hence proposed
InGaAsN/GaAs heterostructure has low transparency and thresh-
old condition rather than those in InGaAlAs/InP heterostructure.
The non linear behaviour of peak modal gain and peak optical gain
with current density for Ing 29Gag 71 ASp.99Ng.01/GaAs straddled het-

T T T T T T T T T T T T T T
50 Peak Modal Gain and Peak Optical Gain with - 7500
Current Density for InGaAsN/GaAs F
- 6000
— Q
£ 4500 2
z o
c
3 3000 E
© 8
3 ©
] L
= 1500 5
- =
[e]
g 3,
) d
I -1500
T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400

Current Density (A/cm)

Fig. 4. Peak modal gain and Peak optical gain with Current density for
Ing29Gag71AS0.99No01/GaAs straddled heterostructures.

erostructures is also shown in Fig. 4. In Fig. 4, it can be seen that
for any value of current density the obtained peak optical gain is
approximately more than hundred times of peak modal gain.

The spectrum knowledge of refractive index of QWs in the het-
erostructure has a vital role in the design and implementation
of nano-scale opto-electronic equipments. In a past literature, it
has been reported that a quantum-well laser have a higher gain
and a smaller refractive-index change than a conventional diode
laser [34]. For the heterostructure, the most important differences
between quantum well or active region and barrier layers (SCH
region) occur normally in the energy of band-gap and the index
of refraction. The variation in the energy band-gap permits spa-
tial confinement of injection carriers of electrons and holes in the
conduction and valence bands; while the variations in index of
refraction can be used to develop the optical waveguides, hence,
it is very essential to determine the explicitly of a refractive index
change with the carrier density in the quantum region of the nano-
scale heterostructure. Refractive index change and peak optical
gain with carrier density for Ing 29Gag 71 ASp.99Ng.01/GaAs straddled
heterostructures are plotted within right and left y-axes, respec-
tively, in Fig. 5. In the lower carrier density regime, Figure 5 shows
that the refractive index change and peak optical gain exhibit
inversely behaviour with carrier density, while for higher carrier
density region both the refractive index change and peak optical
gain exhibit proportional behaviour with carrier density.
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The derivative of optical gain with respect to carrier density is
known as differential gain. It plays an important role in determining
the characteristics of a quantum well based lasing heterostructure.
The gain compression factor (also known as gain suppression or
gain saturation or non linear gain coefficient) is substantial param-
eter to design properly of QW lasing structures. This factor can also
be used in shaping the amplitude and frequency modulation of the
lasing diodes. In general, the linear gain does not dependent of
the density of photon. However, at upper photonic densities, the
gain tends to reduce; this reduction behaviour of gain is termed as
gain compression. The gain compression is basically caused by the
depletion of electrons at fixed energy levels due to strong stimu-
lated recombination or spectral holes burning. Basically, QW-lasing
heterostructure performs above the threshold condition; in this
condition the saturation mechanism and small fluctuations of rel-
ative intensity of output light are occurred, this type of saturation
mechanism is called gain compression. An approximately simi-
lar reciprocal behaviour of differential gain and gain compression
with carrier density on left (black) and right (blue) axes, respec-
tively, for Ing29Gag 71Asp.99No.01/GaAs straddled heterostructures
is shown in Fig. 6. In addition to the optical gain, the differen-
tial gain and anti-guiding factor are substantial parameters in the
dynamics performance of quantum well heterostructures based
lasers. The anti-guiding factor plays a very crucial role in decid-
ing the optical gain of lasing heterostructure and can be defined in
terms of refractive index change and differential gain. The differ-

Carrier Density (x10'%cm™®)

Fig. 7. Anti-Guiding factor and Differential gain with Carrier density for
Ing29Gag.71Asp.99No 01/GaAs straddled heterostructures.

26 r : . : . : : 5000
Anti-Guiding Factor and Peak Material éain with
] Carrier Density for InGaAsN/GaAs

- 4000

3000
g &
g 2

i - 2000
) g
£ =
2 L1000 ©
O] Q@
= Q.
c =)
< o D
3.
L-1000

- -2000

T T T T T T T

0 2 4 6 8
Carrier Density (x10'°cm™)

Fig. 8. Anti-guiding factor and Peak Optical gain with Carrier density for
Ing29Gag.71Asp.99No 01 /GaAs straddled heterostructures.

ential gain and anti-guiding factor are plotted with carrier density
forIng 29Gag 71 Asg.99No.01/GaAs straddled heterostructures on right
and left axes, respectively in Fig. 7. Figure 7 shows the proportional
and reciprocal behaviours of anti-guiding factor and differential
gain, respectively as a function of carrier density.

In general, the anti-guiding factor supports in obtaining the opti-
cal gain because both have proportional behaviour with carrier den-
sity, this proportional behaviours of anti-guiding factor and peak
optical gain with carrier density for Ing;9Gag71ASg.99Ng.01/GaAs
straddled heterostructures are shown in Fig. 8. Next, the behaviour
of peak optical gain and leakage current with carrier density for
Ing29Gag.71ASg 99N 01/GaAs straddled heterostructures is exhib-
ited in Fig. 9. In Fig. 9 it is shown that, the leakage current
approximately remains same at low value of carrier density,
while at higher value of carrier density it increases drastically.
Leakage current and anti-guiding factor with carrier density for
Ing29Gag.71ASg.99Np 01/GaAs straddled heterostructures are plotted
in Fig. 10. Relaxation oscillation frequency (ROF) and optical out-
put power have important role in the determination of threshold
current. The fixed value of current at which relaxation oscillation
frequency and optical output power both are obtained negligible
is called threshold current. Basically, above the threshold current
the optical gain occurs positive while below the threshold cur-
rent it becomes negative. The relaxation oscillation frequency and
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Table 3
Comparison of InGaAsN/GaAs heterostructure with the various heterostructure reported till date.
S. No. Different Quantum Well Type Well Width(A) Optical Gain (/cm) Lasing Wavelength (jum) References
Heterostructures with Material
Composition
1 11’10_45 Gao_55As/GaAso_31 Sb0_59 11 60 1000 2.6 [36]
(M-shaped)
2 Ing .71 Gag21Alo osAs/InP I 60 4200 1.55 [37,38]
3 Aly10GaggoAs/GaAs I 60 3800 0.83 [39]
4 ll’lo_go GA()_]()ASO_sg P0,41 /Il’lp 1 60 7600 1.40 [40]
5 Ing 53Gag.47As/GaAsg 51Sbo.ag 1l 50 1600 1.98 [41]
(W-shaped)
6 lno_7o G30_30AS/G3ASO_40 Sbg_eo 11 40 9000 1.95 [28]
(M-shaped)
7 Ing2s G30.75AS/IHAS/G3ASU3] Sboleg Il 20 4800 3.2 [42 ]
(W-shaped) (with two QWs)
8 Alg,75G&0‘25N/G&N/Alg(sscvao‘ﬁN 11 30 3500 0.245 [43]
9 Alpg21nggN/GaN/ Algg2InggN 11 20 2750 0.263 [44]
10 lno_ngao_ﬂ ASo_gg N()_()] /GaAs 1 40 2100 13 Present Work
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Fig. 9. Peak optical gain and Leakage current with Carrier density for
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Fig. 10. Leakage current and Anti-guiding factor with Carrier density for
Ing29Gag71AS0.99No.01/GaAs straddled heterostructures.

optical output power with current for Ing29Gag.71ASp.99Ng.01/GaAs
straddled heterostructures are plotted on left and right y-axes,
respectively, in Fig. 11. In Fig. 11, the optical output power and
relaxation oscillation frequency do not exist at current of 100 mA
(threshold current). It is clear by curves of Fig. 11, above the thresh-

Current (mA)

Fig. 11. Relaxation oscillation frequency and optical output power with current
In.20Gag.71As0.99No.01/GaAs straddled heterostructures.

old current, the optical output power and relaxation oscillation
frequency both are enhanced with the increase in current. For
a 200 mA current, the relaxation oscillation frequency is almost
30 GHz which is comparable to the ROF of GaAs/GaAlAs multi-
ple quantum well (MQW) lasing heterostructure [35]. Moreover,
the behaviour of optical power is exactly linear with the current
while the behaviour of ROF with the current is not linear. In order
to make the comparison of InGaAsN/GaAs nano-heterostructure
with other various heterostructure, the data are collected, com-
pared and analyzed in Table 3. In Table 3, it can be seen that
the InGaAsN/GaAs based heterostructure exhibits the maximum
gain within the NIR region. Therefore, Ing29Gag.71AS0.99Ng.01/GaAs
based heterostructure is very suitable for the generation of radi-
ations within NIR wavelength region. On analysis of Table 3, the
gain and lasing wavelength of InGaAsN/GaAs heterostructure can
be compared with those of InGaAlAs/InP heterostructure. On com-
parison, it is found that the maximum optical gain of InGaAsN/GaAs
heterostructure is almost half of the maximum optical gain of
InGaAlAs/InP straddled heterostructures. Although the maximum
gain of InGaAsN/GaAs heterostructure is almost half of the gain
of InGaAlAs/InP heterostructure, but from the wavelength point
of view the InGaAsN/GaAs nano-heterostructure is also more
desirable because the 1.3 wm wavelengths is attractive due to
negligible dispersion in the silica based optical fiber. Hence, the
InGaAsN/GaAs nano-heterostructure can be very valuable in opti-
cal fiber based communication systems. Other specific applications
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of InGaAsN/GaAs nano-heterostructure may be in Infrared vibra-
tional spectroscopy (or near-infrared spectroscopy), in the thin film
metrology, in climatology, in the infrared cleaning and in the study
of biological systems.

4. Conclusions

For the InGaAsN/GaAs nano-heterostructure, eight band Kohn-
Luttinger Hamiltonian has been solved to determine the wave-
functions associated with the valence subbands (i.e., heavy and
light holes) and their corresponding discrete energies within the
frame work of GAIN simulation package that works in the vicinity
of the zone centre at the I point. The optical and lasing properties
of InGaAsN/GaAs nano-heterostructure have been determined and
compared with the InGaAlAs/InP heterostructure. In comparison,
it is found that the gain of InGaAs/GaAs is almost half of the gain
of InGaAlAs/InP heterostructure, but from the wavelength point of
view the InGaAsN/GaAs nano-heterostructure is also more desir-
able because the 1.3 wm wavelength is attractive due to a negligible
dispersionin the silicabased optical fiber. Hence, the InGaAsN/GaAs
nano-heterostructure can be very valuable in optical fiber based
communication systems.
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