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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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COMPARATIVE ANALYSIS OF CARRIER CONCENTRATION AND
RADIATIVE RECOMBINATION IN ALGAN-BASED DEEP
ULTRAVIOLET LEDS WITH VARYING QUANTUM WELL

THICKNESSES

Danish Akalil A. Razak!, Mohammad Amirul Hairol Aman?, Ahmad Fakhrurrazi Ahmad Noorden'*

!Centre for Advanced Optoelectronics Research (CAPTOR), Department of Physics, Kulliyyah of Science,
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Abstract: This study explores the influence of quantum well (QW) and quantum barrier (QB) thickness on carrier
concentration and radiative recombination in AlIGaN-based deep ultraviolet light-emitting diodes (DUV-LEDs). The
main objective is to analyze the carrier transport behavior and recombination dynamics to determine the most efficient
QW/QB configuration. Using the 1D-DDCC simulation software, three configurations LED A (QW: 1 nm, QB: 3
nm), LED D (QW: 10 nm, QB: 3 nm), and LED G (QW: 20 nm, QB: 3 nm) were analyzed. Results show that LED A
exhibited the most intense and frequent radiative recombination due to strong carrier confinement, albeit with leakage
from the narrow QB. LED D displayed optimal balance, achieving the highest peak internal quantum efficiency (IQE)
due to enhanced carrier overlap and moderate confinement. In contrast, LED G had broader carrier profiles with
reduced recombination efficiency. The findings affirm that precise control of QW/QB ratios is critical to maximizing
radiative recombination and overall DUV-LED efficiency (Ishii et al., 2024; Alp et al., 2023).

Keywords: AlGaN, deep ultraviolet LED, carrier concentration, radiative recombination, quantum well, simulation

INTRODUCTION

Deep ultraviolet LEDs (DUV-LEDs) are crucial for sterilization, disinfection, and biochemical sensing. The efficiency
of AlGaN-based DUV-LEDs is often hindered by poor carrier confinement and low internal quantum efficiency (IQE).
Optimization of the multi-quantum well (MQW) and quantum barrier (QB) structures plays a pivotal role in enhancing
device performance (Wang et al., 2023). This study investigates how varying QW thickness (1 nm, 10 nm, and 20
nm) with a fixed QB thickness of 3 nm affects carrier concentration and radiative recombination.

MATERIALS AND METHODS

The epitaxy layer of the DUV-LED consists of n-GaN with 500 nm thickness, followed by A10.4Ga0.6N with 500 nm
thick. Both layers were doped with 5 x 1018 cm™2 Silicon. The device structures comprise five QWs of A10.3Ga0.7N
and six QBs of Al0.4Ga0.6N. LED A hasa 1 nm QW, LED D a 10 nm QW, and LED G a 20 nm QW, all with QB
thickness of 3 nm. The next layer is a 24 nm p- Al0.5Ga0.5N electron blocking layer with 3 x 1018 cm™2 Magnesium
(Mg) doping, 250 nm p-A10.4Ga0.6N with 5 x 1018 cm™3 Mg-doped, and lastly, 200 nm p-GaN with 1 x 1020 cm™3
Mg doping Devices were simulated at 300 K with a forward bias of 10 V using the 1D-DDCC model, incorporating
drift-diffusion and ABC recombination parameters. Carrier concentrations and radiative recombination profiles were
evaluated to compare performance (Alp et al., 2023).
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RESULTS AND DISCUSSION

Carrier Concentration

LED A exhibited high and sharp carrier concentration peaks due to strong confinement in the narrow QW, but carrier
leakage was evident from the thin QB. LED D demonstrated balanced carrier distribution, achieving optimal overlap
between electrons and holes, which is essential for recombination. LED G, with the widest QW, showed broad carrier
spread and reduced overlap, resulting in poorer confinement and less efficient radiative activity (Ishii et al., 2024).
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Figure 1. Carrier Concentration and Radiative Recombination for varies QW and fixed QB

Radiative Recombination

LED A’s structure promoted frequent and high-intensity radiative recombination events, but leakage limited its
effectiveness. LED D produced moderately intense recombination with more stable emission and superior peak IQE
(~0.25), attributed to its optimal QW/QB ratio. In LED G, although carrier concentrations remained high, the large
QW volume decreased radiative efficiency due to spatial dispersion of carriers and diminished tunneling probability
(Jamil et al., 2021).

CONCLUSIONS

This study highlights the importance of optimizing QW and QB thicknesses for DUV-LEDs. Among the three
configurations, LED D offered the best performance due to its favorable carrier dynamics and recombination rate. The
findings suggest that a QW thickness of 10 nm with a QB of 3 nm achieves a superior balance between confinement
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and carrier interaction, vital for efficient light emission. These insights provide a pathway toward developing next-
generation high-performance DUV-LEDs.
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