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Abstract— This study focuses on optimizing the process sequence for fabricating a double quantum well

structure composed of the compound materials AIAsSb/InGaAs/GaAsSb. The selection of optimized sequence

parameters is Quided by an extensive literature review on material properties, nanoscale engineering

considerations, and molecular beam epitaxy (MBE) growth conditions. A key advantage of using

heterostructures is the precise control over the thickness of individual material layers, which is crucial for

device fabrication. To ensure uniform epitaxial growth of the ternary compounds AlAsSb, InGaAs, and

GaAsSb, a slow deposition rate of 0.5 micrometers per hour is maintained during the MBE process.

Keywords— MBE, Quantum well, Heterostructure, Compound Semiconductor.

INTRODUCTION

Optoelectronic devices like light-emitting diodes
(LEDs), laser diodes (LDs), Photodetectors (PDs) and
optical waveguides are widely utilized in the field of
optical fiber communication, medical science,
automobile industries and spectroscopy for pollution
monitoring and food control. This growth of the
semiconductor optoelectronic components industry is
mainly expected by the increased use of visible range
and infrared components due to the long life, cheap
and low power consumption demand. Nanoscale
heterostructures, new materials and improved
fabrication techniques have led to improvement in the
performance of optoelectronic devices [1-4]. The
heterostructure is the interface of two dissimilar
materials with different bandgap energy. Nanoscale
heterostructures involve quantum confinement so
that it gives diverse electronic and optical properties
which are useful for device development. The

simulation work of the structure
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AlAsSb / Ings50Gapa1As / GaAso535bo.ay is
simulated and discussed by the authors of this paper

already

[5]. Heterostructure manufacturing generally requires
the use of molecular beam epitaxy (MBE) and
chemical vapor deposition (CVD) technology for the
deposition of compound material layers. But at the
nanoscale and for mass production, MBE provides
more precise control over the thickness during the
deposition process and creates a cleanly lattice match
abrupt interface [6-9]. MBE is the process in which thin
crystal layers are deposited on a substrate using an
atomic or molecular beam in a high vacuum chamber.
The major benefit of quantum well structure from the
perspective of device fabrication is that we can
regulate the thickness of the material layer during the
film deposition. In this process optimization, the MBE
process is proposed for the thin film deposition of
nanoscale thickness because it precisely controls the
thickness due to low deposition rate.
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Structural Information and Process Sequence
Optimization:

A schematic cross-section of the structure is shown in
fig 1, where an AlAsSb (10 nm thick) confinement

Oxide Layer

(Gads Substrate-
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layer is proposed to grow on the GaAs substrate. Then
P-doped InGaAs (mole fraction x=0.59) of 2 nm thick
followed by the 4 nm GaAsSb (mole fraction x =0.53)
material layer. After it again InGaAs and AsAsSb (10
nm) is proposed for deposition.

Top Metallic Contact

- Inp 59Gaps1As QW layer

r - GaAs) 538bg 47 Barrier layer
p- Ing 50Gag41As QW layer

Bottom Contact

Fig.1. A schematic cross-section of the proposed structure for process sequence optimization

For epitaxial growth of these III-V compound
semiconductor layers, GaAs substrate is usually
utilized. So first we will take the standard p-type
GaAs substrate and cleaned it with the standard
process before going to molecular beam epitaxy. Pre-
cleaning of the substrate is important because it
removes the hydrocarbons, water molecules and other
particles from a substrate. For effective results, the
GaAs wafer cleaning includes the acid cleaning step in
acetone solution for approximately 45 seconds,
deionized water cleaning to remove the deposited

cleaning solutions and a rotary drying process to dry
the GaAs wafer. Rotary dryers work by tumbling
material in a rotating drum in the presence of drying
air. The substrate cleaning using these three steps
provides the cleaned GaAs wafer without precipitate
particles. After the substrate cleaning, the GaAs wafer
is fixed on the MBE substrate heating holder for the
epitaxial growth of the material layers. The optimized
parameters of the sequences are selected based on the
literature study of the materials properties, nanoscale
engineering and MBE growth parameters [10-18].

Table 1: Quantum well structure with fabrication techniques

QW structure Design/ Fabrication technique Emission
(Substrate- GaAs) with parameters wavelength
(hm)
GaSb/ AlGaSb Molecular beam epitaxy (MBE) 1.65
GalnAs/GaAsSb Metalorganic vapour-phase epitaxy (MOVPE) 1.2-1.47
GalnAs/GaAsSb Metalorganic vapour-phase epitaxy (MOVPE) 1.2
GaAsSb/InGaAs Molecular beam epitaxy (MBE) 1.38,1.43
GaAsSb/InGaAs Metalorganic ~ chemical = vapor  deposition | 1.022,1.075
(MOCVD)
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For the deposition process, the materials (Al, Ga As,
In, Sb and dopants) put in the MBE effusion
cell. These cells provide highly efficient and
controllable vapor deposition. The close-coupled
thermocouple in the radiatively heated crucible
ensures stability and reproducibility, not found in
conventional evaporation sources. All the cells are
heated using the heating coil and maintained
temperature for vaporization. All the effusion cells
have the shutter, so once the deposition is done for the
required time, we close the shutter and no excess
amount of material will be deposited that is why it is
a very precise kind of method. For the designed
heterostructure, Boron can be utilized for the p-type
dopant and phosphor for the n-type dopant. The
doping concentrations and the mole fractions are
selected based on the atomic weight percentage and
atomic mass of the materials. To find the mass percent
of any element in the compound semiconductor,
we divide the mass of the element in 1 mole of the
compound by the compound's molar mass and
multiply the result by 100. In general, the mole
fraction and chemical composition can be determined
using Augur spectroscopy. The substrate GaAs is
fixed on the heating substrate holder and it is rotated,
so that uniformity can be obtained in the deposition.
The substrate temperature can be chosen at 200 °C.
This high temperature of the substrate facilitates
mobility and lesser defects. During the deposition
process, we should be assured that atoms will not
collide with any ambient atmosphere that is left in the
chamber. For this purpose, the MBE base chamber
pressure can be taken of the order of 10 Torr. The
deposition pressure is of the order of 10- torr. This
low pressure of the chamber is required so that the
atoms can travel to the substrate without colliding
with each other and a mean free path of around 10
meters with the ambient atmosphere. To attain this
low pressure for the MBE chamber, we can use a
rotary pump (up to 10 torr), diffusion pump (up to
10¢ torr) and turbomolecular pump (up to 10 torr).
After making the high vacuum or low pressure inside
the chamber the deposition process takes place. In
order for uniform epitaxial growth of ternary material
AlAsSb, InGaAs and GaAsSb, the deposition time is
chosen very slow i.e. 0.5 micrometers per hour during
the process in the MBE and layers are deposited as per
the required thickness of the layer i.e. for the thickness
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of layer 10 nm the deposition time is taken 72 seconds
for optimum growth. The deposition thickness can be
determined by the use of a reflection high-energy
electron diffraction (RHEED) gun, where the electrons
are incident on the film, so we can control the
thickness of the film more precisely. The top and
bottom contacts for the characterization can be formed
with the use of the thermal evaporation method.

CONCLUSION

In this research work, the process sequence
optimization for the nanoscale heterostructures based
on the ternary compounds is investigated for the NIR
and visible range applications. The applications of the
heterostructure = depend on  the  emission
wavelength. The choice of the materials and thickness
of the material's layers are the critical parameters for
the design of the heterostructures for an application.
In the heterostructure, the thickness of the well layer
or active layer is in our control. This is an important
advantage of the heterostructures for device
fabrication. So this research gives the choice of
alternate materials for the development of optical
sources for the NIR and visible range
applications. The heterostructure designed in this
work is of nanoscale and can be fabricated for device
development. After the device fabrication, we can
apply pn junction engineering to study the electro-
photoluminescence (PL) spectra under the forward
voltage, reverse voltage conditions and in open circuit
conditions in order to know the internal quantum
efficiency or emission property. It is expected that the
heterostructures will give emission as proposed in the
simulation work and these can be utilized for

optoelectronic devices development.

REFERENCES

[1] Jayprakash Vijay, Kulwant Singh, AK Singh, Amit
Rathi, Optical gain analysis of GalnP/AlGalnP
nanoscale heterostructure for applications in visible
light emission, Materials Today: Proceedings. Volume
606, Part 8, 2022, Pages 3493-3497, 2022.

[2] Jayprakash Vijay, AK Singh, Amit Rathi., “Near-
infrared range tuneability in GaAs-based Type-II
nanoscale heterostructure emitter,” Journal of
Nanophotonics, vol. 15, no. 04, 2021.

[3] Md. Riyaj, Jayprakash Vijay, A M Khan, Sandhya
Kattayat, M.Ayaz Ahmad , Shalendra Kumar , P.A.

179

©2025 The Author(s). Published by Infogain Publication, This work is licensed under a Creative Commons Attribution 4.0
License. http:/ /creativecommons.org/licenses/by/4.0/



http://www.ijaems.com/
http://creativecommons.org/licenses/by/4.0/

Vijay and Bhardwaj

Alvi , Dr. Amit Rathi, “Band dispersion and optical
gain calculations of staggered type
GaAs4Sbo ¢ / Ing7GagsAs / GaAs).4Sbo ¢ nano
heterostructure under electric field and [100] strain”,
Superlattices and Microstructures, Volume 150,
106694, February 2021.

[4] Jayprakash Vijay, Radha krishan Yadav, P.A. Alvi,
Kulwant Singh, Amit Rathi, “Design and modeling of
InGaAs/GaAsSb  nanoscale heterostructure for
application of optical fiber communication system”,
Materials Today: Proceedings, Volume 30, Part 1,
Pages 128-131. 2020.

[5] Jayprakash Vijay, AK Singh, P.K. Jain, P.A.Alvi,
Kulwant Singh, Amit Rathi, “optical gain
characteristics of GaAs based type-II
AlAsSb/InGaAs/GaAlAs nanoscale heterostructure
for near infrared applications, Optoelectronics and
Advanced Materials - Rapid Communications, 15, 3-4,
pp-114-119, 2021.

[6] I Shibasaki; Y. Kanayama; K. Nagase; T. Ito; F.
Ichimori; T. Yoshida; K. Harada, "High sensitive thin
film InAs Hall element by MBE (for magnetic
sensors)', IEEE TRANSDUCERS '91: International
Conference on Solid-State Sensors and Actuators.
Digest of Technical Papers, pp. 1069-1072, doi:
10.1109/SENSOR.1991.149082, 1991.

[7] T. Mishima, T. Tanimoto, M. Kudoh and M.
Takahama, "High mobility and high sheet electron
density in selectively doped InAlAs/InGaAs
heterostructures grown by MBE on GaAs"Journal of
Crystal Growth 127, 770 —773, 1993.

[8] Tatsuro Iwabuchi, Takashi Ito, Masaki Yamamoto,
Kentaro Sako, Yuichi Kanayama, Kazuhiro Nagase,
Takashi Yoshida, Fumiaki Ichimori, Ichiro Shibasaki,
"High sensitivity Hall elements made from Si-doped
InAs on GaAs substrates by molecular beam epitaxy",
Journal of Crystal Growth, Volume 150, Part 2, pp
1302-1306,doi: 10.1016/0022-0248(95)80149-7, 1995.

[9] Okamoto, Atsushi & Geka, Hirotaka & Shibasaki,
Ichiro & Yoshida, Kazuo, Transport properties of InSb
and InAs thin films on GaAs substrates. Journal of
Crystal Growth. 604-609.
10.1016/j.jcrysgro.2004.12.077, 2005.

[10] Behet, M. & Das, J. & De Boeck, Jo & Borghs, Gustaaf,
"InAs/(Al,Ga)Sb quantum well structures for
magnetic sensors", Magnetics, IEEE Transactions on.
34.1300 - 1302. 10.1109/20.706528, 1998

[11] N. Kuze, K. Nagase, S. Muramatsu, S. Miya, T.
Iwabuchi, A. Ichii, I. Shibasaki, "InAs deep quantum
well structures and their application to Hall elements",
Journal of Crystal Growth,, Volume 150, Part 2, pp
1307-1312, 1995.

[12] N. Kuze, H. Goto, M. Matsui, I. Shibasaki, "Molecular
beam epitaxial growth of InAs/AlGaAsSb deep

This article can be downloaded from here: www.ijaems.com

International Journal of Advanced Engineering, Management and Science, 11(1) -2025

quantum well structures on GaAs substrates", Journal
of Vacuum Science & Technology B: Microelectronics
and Nanometer Structures Processing, Measurement,
and Phenomena 16, 2644,
https:/ /doi.org/10.1116/1.590249, 1998.

[13] Ichiro Shibasaki, Hirotaka Geka, Atsushi Okamoto,
Yosihiko Shibata, "The thickness dependence of InAs
sandwiched by GaAlAsSb layers grown by MBE',
Journal of Crystal Growth, Vol. 278; Iss. 1-4, 2005.

[14] Geka, Hirotaka & Okamoto, Atsushi & Yamada,
Satoshi & Goto, Hiromasa & Yoshida, Kazuo &
Shibasaki, Ichiro, “Properties of InSb single-crystal
thin films sandwiched by Al 0.1In 0.9Sb layers with
0.5% lattice mismatch grown on GaAs” Journal of
Crystal Growth 301 PP 152-157.
10.1016/j.jcrysgro.2006.11.257, 2007.

[15] Lili Han, Minglong Zhao, Xiansheng Tang, Wenxue

Huo, Zhen Deng, Yang Jiang, Wenxin Wang, Hong
Chen, Chunhua Du, and Haiqiang Jia , "Luminescence
study in InGaAs/AlGaAs multi-quantum-well light
emitting diode with p-n junction engineering",
Journal of Applied Physics 127, 085706,
https://doi.org/10.1063 /1.5136300, 2020.

[16] Bin Zhang, Haizhu Wang, Xu Wang, Quhui Wang, Jie
Fan, Yonggang Zou, Xiaohui Ma, "Effect of GaAs

insertion layer on the properties improvement of
InGaAs/AlGaAs multiple quantum wells grown by
metal-organic chemical vapor deposition", Journal of
Alloys and Compounds 872, 159470, 2021.

[17] Masatomo Sumiya, Yuki Takahara, Amira Alghamdi,
Yoshiko Nakayama, “Growth of AlxGal-xN/InyGal-
yN hetero structure on AIN/sapphire templates
exhibiting Shubnikov-de Haas oscillation”, Journal of
Crystal Growth. 574. 126324.
10.1016/j.jcrysgro.2021.126324, 2021.

[18] Innokenty I. Novikov, Alexey M. Nadtochiy,
Aleksandr Yu Potapov, Andrey G. Gladyshev, Evgenii
S. Kolodeznyi, Stanislav S. Rochas, Andrey V.
Babichev, Vladislav V. Andryushkin, Dmitriy V.
Denisov, Leonid Ya Karachinsky, Anton Yu Egorov,
Vladislav E. Bougrov, “Influence of the doping type on
the temperature dependencies of the

photoluminescence efficiency of

InGaAlAs/InGaAs/InP heterostructures” Journal of

Luminescence, Volume 239, 118393, doi

:10.1016/j.jlumin.2021.118393, 2021.

180

©2025 The Author(s). Published by Infogain Publication, This work is licensed under a Creative Commons Attribution 4.0
License. http:/ /creativecommons.org/licenses/by/4.0/



http://www.ijaems.com/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1116/1.590249
https://doi.org/10.1063/1.5136300

