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PREFACE

Welcome to the 2nd International Science, Engineering and Technology Colloquium 2025 (ISETC 2025)!

It is with great pleasure that we present this year’s colloquium, a distinguished gathering of scholars,
researchers, and professionals dedicated to the advancement of applied sciences. Held virtually on 9th July
2025, ISETC 2025 serves as a platform to highlight cutting-edge research, foster meaningful networking,

encourage collaborations, and explore innovative solutions to global challenges.

This year's theme, “The Power of Scientific Innovation: Intelligent Solutions for a Sustainable World”
highlights our shared goal to solve global challenges through applied science. It celebrates innovation as a
key to building a more sustainable and resilient future. We're proud to feature keynote speakers and

presenters who bring fresh insights, bold ideas, and breakthroughs shaping tomorrow’s world.

We would like to extend our heartfelt appreciation to the Faculty of Applied Sciences, Universiti Teknologi
MARA, Perak Branch, Tapah Campus, for their outstanding support and assistance throughout the planning
and execution of the event. Their dedication has been instrumental to the success of this colloquium. We
would like to sincerely thank all participants and researchers for their valuable contributions. We also
appreciate the reviewers for their careful evaluations and helpful feedback. Your hard work and support mean

alot to us.

As editors, we are proud to present this collection of proceedings. It is an honour to bring together the
interesting and meaningful work of our speakers and authors. We hope the ideas shared will lead to new

discoveries, encourage more research, and help solve global challenges through science and innovation.

Warm regards,

Dr. Emi Norzehan Mohamad Mahbob
Dr. Saiyidah Nafisah Hashim

Ms. Lili Widarti Zainuddin

Ms. Nurul Nazwa Mohammad

Ms. Rozaina Saleh

ISETC 2025 Proceedings Editors
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Abstract: This research focuses on the numerical design and simulation of Aluminium Gallium Nitride (AlGaN)-
based deep-ultraviolet light-emitting diodes (DUV-LEDs) using a multiple quantum well (MQW) structure. Five
DUV-LED models were developed with varying aluminium (Al) compositions in the quantum barrier (QB) layers to
investigate their effects on carrier confinement and device performance. The efficiency droop commonly observed
in DUV-LEDs is often attributed to factors such as strong polarization fields, electron leakage, and poor hole
injection. The analysis demonstrates that optimizing the Al content in the barrier layers significantly improves
carrier confinement, reduces polarization-induced electric fields, and enhances the radiative recombination rate.
These improvements are critical for achieving higher internal quantum efficiency (IQE) in AlGaN-based DUV-
LEDs.

Keywords: AIGaN, quantum barrier, internal quantum efficiency, numerical simulation

INTRODUCTION

Numerous strategies have been explored to enhance the performance DUV-LEDs, including the optimization of
quantum well structures and the engineering of electron and hole injection layers. Among these, improving carrier
confinement in the active region remains a key approach to mitigating efficiency droop and enhancing IQE. In this
work, a theoretical study is conducted on AlGaN-based DUV-LEDs incorporating MQW structures, with a focus on
analyzing the effect of varying Al-composition in the QB layers. Five DUV-LED structures were designed with
identical QWs (Al-composition of 70%) but with QB Al-compositions ranging from 0.75 to 0.85. The goal is to
investigate how differences in QB Al-composition influence internal electric fields, carrier distribution, band
alignment, and radiative recombination rates. The epilayer structures were simulated using a one-dimensional
Poisson, drift-diffusion, and Schrédinger solver (1D-DDCC) (Amirul, Aman, Azim, et al., n.d.; Amirul, Aman,
Azrisham, et al., n.d.).

MATERIALS AND METHODS

The simulation of AlGaN-based DUV-LEDs was conducted using a multi quantum well (MQW) structure. Five
different LED models, which is LED A to LED E were designed with identical QW compositions but varying Al-
composition in the QBs. Each structure begins with a 10,000 nm thick aluminium nitride (AIN) substrate followed
by a series of AlGaN buffer layers, with Al-composition decreasing from 0.98 to 0.82. In addition, an n-type AlGaN
electron injection layer with Al-composition of 0.800 and a thickness of 100 nm was used, doped at 1.50x1018 cm™.
The active region consists of five pairs of Al0.70Ga0.30N of QWs, each 30 nm thick, and 120 nm thick AlGaN
quantum barriers QBs. In LED A, the QBs have an Al-composition of 0.85, while the other LEDs use lower
compositions from 0.825 to 0.75 with decreasing of 0.025. The layer of QWs and QBs were arranged alternately to
form a region of MQW called as an active region where the recombination of carrier happened (Amirul, Aman,
Azrisham, et al., n.d.). The p-type side consists of a 200 nm thick AIN electron blocking layer (EBL) (Guowen et
al., 2024), a 600 nm thick Al0.65Ga0.35N hole injection layer, and a 600 nm thick p-GaN contact layer, doped at
2.00x1020 cm™,
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Figure 1. The heterostructure of DUV-LED

RESULTS AND DISCUSSION

Figure 2 shows that the energy band of LED A with 85% Al-composition in the QBs is strongly tilted due to high
polarization, causing poor carrier confinement and low device performance. As the Al- composition in the barriers is
reduced from LED B to LED D, the energy band becomes more balanced, leading to better overlap between
electrons and holes, improving carrier confinement and radiative recombination. LED D (77.5% Al) shows the best
energy band alignment with minimal electric field, indicating strong carrier confinement and high efficiency.
However, in LED E (75% Al), the conduction band becomes too shallow, allowing electrons to leak and reducing
performance. This shows that too much reduction in Al-composition weakens the polarization control and harms the
device efficiency.

Figure 3 shows that LED D achieves the highest IQE, reaching a peak value of 34.5%. The performance decreases
in the order of LED D, LED E, LED C, LED B, and finally LED A. While LED E has the lowest Al-composition in
the quantum barriers, its efficiency is slightly lower than LED D, indicating that a lower Al-composition alone does
not guarantee better performance. LED D shows a more stable IQE under increasing current density, suggesting it
has the most favourable conditions for efficient carrier recombination.
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Figure 2. (a) The EBD of LED A. (b) The EBD of LED B. (¢) The EBD of LED C. (d) The EBD of
LED D. (e) The EBD of LED E.
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Figure 3. The Internal Quantum Efficiency (IQE) resulted using 1D-DDCC
of each LED

CONCLUSIONS

An AlGaN-based DUV-LED employing MQW configurations has been analyzed through numerical simulation to
study the impact of Al-composition in the QBs on carrier confinement and IQE. In conclusion, the LED structure
with 77.5% Al in the barriers (LED D) demonstrates the most balanced performance, showing improved carrier
confinement, reduced polarization effects, and the highest IQE among the five designs.
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