
Design and Fabrication of Atmospheric Pressure Microglow 

Discharges for Low-Cost UV Lamps  

  

 

 

 

 

RUMYSA MANZOOR 

 

 

 

 

 

 

 

DEPARTMENT OF ELECTRICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JULY 2025



 ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2025  



 i 

Design and Fabrication of Atmospheric Pressure Microglow 

Discharges for Low-Cost UV Lamps  

 

  

by 

 

 

RUMYSA MANZOOR 

Department of Electrical Engineering 

 

Submitted  

in fulfillment of the requirement of the degree of Doctor of Philosophy  

to the  

 

 

 

 

DEPARTMENT OF ELECTRICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JULY 2025 

 



 iii 

 

 
 

In loving memory of my dear late Khaala, Baji, 

whose presence remains deeply cherished 

and 

dedicated to my beloved parents, 

grandparents, and my wonderful brothers, whose unwavering support has 

been my greatest strength throughout this journey. 

  



 iv 

Certificate 

 

This is to certify that the thesis entitled “Design and Fabrication of Atmospheric Pressure 

Microglow Discharges for Low-Cost UV Lamps” being submitted by Ms. Rumysa 

Manzoor to the Indian Institute of Technology Delhi, for the award of the degree of Doctor of 

Philosophy is a record of bonafide research work carried out by her worked under my guidance 

and supervision and fulfilled the requirements for the submission of the thesis. The results 

contained in the thesis have not been submitted, in part or full, to any other university for the 

award of any degree or diploma. 

 

 

 

Date: 24/07/2025                                                                                              Dr. Bhaskar Mitra 

Place: New Delhi                                                                                          Associate Professor 

   Department Of Electrical Engineering 

Indian Institute of Technology Delhi 

New Delhi-110016, India 

 

 

 

 

 

 

 

 



 v 

Acknowledgments 

In the name of Almighty Allah (SWT), the most gracious and the most merciful. As I write this 

acknowledgement, I can only say Alhamdulillah a million times. I am truly grateful to Allah 

(SWT) for granting me the provision and opening the paths for me to study this subject in such 

depth at a premier institute. 

By studying the matter at the micro and nano level, I not only gained a deeper understanding 

of devices at such scales, but it also deepened my faith. It reminded me of the profound truth 

in the words of Allah (SWT) in Surah Yunus (10:61): 

“And not [even] the weight of a dust particle in the earth or in the heaven is absent from your 

Lord, nor anything smaller than that or greater, but it is in a clear Record.” 

This verse beautifully affirms that even the tiniest details are known to our Creator, a realization 

that resonated with me throughout this journey of learning. 

I would like to express my deep regards and sincere gratitude to my Supervisor, Prof. Bhaskar 

Mitra, for his inspiring guidance, valuable suggestions, constant encouragement, keen interest, 

and continuous support throughout my work. His vision and patience have inspired me to work 

hard. It has been a great honour to work under him. I am very grateful to him for having faith 

in my abilities when I was doubtful. 

I would like to extend sincere gratitude to the Student Research Committee (SRC) members, 

Prof. Madhusudan Singh, Prof. Satyananda Kar, and Prof. Dhiman Mallick, for their very 

useful advice and guidance during my work. Their diligent process of verifying the work and 

support has been enormous. 

I also pay sincere gratitude to the faculty and staff members of the Department of Electrical 

Engineering, IIT Delhi, for their constant help and cooperation throughout the research 

exploration. 

I sincerely thank the on-campus central facilities at CRF and NRF, IIT Delhi, for providing 

access to the fabrication and characterization facilities essential for carrying out my research 

work. I am also grateful to the managing staff for their dedication to maintaining the equipment 

with utmost care. 



 vi 

I would like to extend my heartfelt thanks to my lab mates Mr. Aamir Saud Khan, Mr. Imran 

Ahmad, Dr. Vasudha Agrawal, Dr. Rajinder Singh, Dr. Nitika Batra, Dr. Priya, Ms. Maninder, 

Dr. Parvez Akhtar, Mr. Shameem, Mr. Tejveer, Dr. Vikram, and Ms. Ragini for their constant 

support and companionship throughout my research journey.   

A special thanks to Dr. Henam Sylvia Devi for her invaluable support with chemistry-related 

projects and for creating a positive and professional environment in the lab. I am deeply grateful 

for her guidance and insightful advice, which have been instrumental in my growth.  

I am also sincerely thankful to Prof. Shahid from the SENSE department for all his support and 

guidance. My special thanks to Mr. Masood Ali and Dr. Ravinder Kumar Bhoria from CRF for 

their timely assistance and unwavering support throughout my work. 

I am also deeply thankful to all my fellow research scholars at IIT Delhi for their support 

throughout various stages of my Ph.D. journey. I am especially grateful to Dr. Farooq, whose 

unwavering help and encouragement have meant a great deal to me. I would also like to 

sincerely thank Mr. Kundan Prasad, Dr. Biswajit Samir De, Dr. Wasi Uddin, Mr. Mujeeb 

Yousuf, Mr. Adnan, Mr. Vinit, Dr. Pankaj, Mr. Dibyajyoti, Mr. Nandan, Dr. Anshu, Mr. 

Anudeep, Dr. Dhairya, Dr. Kashif, and Mr. Ahmad Shaban for their valuable support, 

thoughtful guidance, and constant encouragement throughout this journey. 

This institute did not just teach me science; it became a guiding light, showing me how to 

navigate life itself. My time here offered a glimpse into how to face both the highs and the lows 

with resilience and purpose. 

Like any other Ph.D. scholar, my journey was far from smooth. It was marked by more failures 

than successes. But those very failures taught me lessons that success never could. They 

reminded me that there is always light at the end of the tunnel and brought to mind a powerful 

ayah from the Qur'an: “Indeed, with hardship comes ease.” (Surah Ash-Sharh, 94:6) 

But often, we become so engrossed in our hardships that we fail to recognize the blessings 

hidden within them. We overlook how these challenges shape us, how they teach us resilience, 

nurture patience, and mould us into more compassionate human beings. Had this journey not 

been so difficult, I would not have discovered the strength within me. I would not have become 

the person I am today, nor would I have truly understood how resilient I could be. This journey 

tested my patience in countless ways and across different aspects of life. But I never let go of 



 vii 

the urge to live my life in harmony with those around me, and to continue moving forward with 

hope and purpose. 

Being away from home, I lost two of my close family members. I could not be there for them 

in their final moments, the way they would have expected me to. But as I complete my thesis 

today, I carry the hope and belief that they would be proud of me. 

I am truly thankful to all the beautiful souls I met along the way. From the very first day of my 

Ph.D., there was a close-knit squad of friends who made this journey feel like home. I will 

always cherish the unwavering support of my dear friends, Dr. Sobia, Dr. Sharaf, Dr. Sushree, 

and Ms. Kritika. You were always there with me, whether it was waking each other up for 

breakfast or walking back together from the labs or those unforgettable bicycle learning 

sessions. These shared moments became my anchor, my comfort, and a source of strength 

throughout this journey. 

I am deeply thankful to my roommate, Ms. Rigzin Angmo, who was truly my stress buster. She 

has been the best roommate I have had in my life. Thank you for all the love, laughter, and 

delicious delicacies you so generously shared with me; they made even the toughest days a 

little brighter. 

As the journey unfolded, I was blessed to meet beautiful souls like Dr. Bushra, Dr. Abeer, and 

Ms. Hafsah, companions who walked with me like a shadow. They became my go-to people, 

always offering a listening ear and taking care of me through every phase, whether it was 

accompanying me to the labs for late-night work sessions or simply being there when I needed 

them most. Thank you for all the heartfelt prayers you've made for me. 

A special thanks to Ms. Iqra Ahangar, Dr. Mahnaz, Dr. Monalisa, Dr. Manoj, Ms. Sakshi, and 

Dr. Kartikya for always being there for me. From learning my very first cooking recipes from 

Ms. Najiya and Ms. Iqra to learning badminton from Ms. Sakshi, this journey was truly a 

training ground for life, not just academics. 

I am also grateful to all the friends who stood by me through thick and thin, especially those 

who helped me grow spiritually: Dr. Sanya Anees, Dr. Aravi, Dr. Fatimah, Dr. Najiya, Dr. 

Ayesha, Ms. Mahreen, Dr. Sufia, Dr. Uzma, Ms. Aqsa, Dr. Tabish, and Dr. Ieeba. Dr. Aatina,  

Dr. Firdous, Ms. Sadaf, and Ms. Ayesha Tooba Khan, your companionship brought strength, 

clarity, and comfort to my life. 



 viii 

My acknowledgment would be incomplete without expressing my heartfelt gratitude to my 

dear friends, Dr. Samrah and Ms. Shima. Though we were physically together for only two 

years during our M.Tech, those years laid the foundation for a deep and lasting friendship. 

Thank you for always checking in on me and staying connected, even from afar. Your constant 

presence, despite the distance, has meant the world to me. 

I would like to express my heartfelt gratitude to my B. Tech friends, Ms. Misbah, Ms. Seema, 

Ms. Urba, Ms. Insha, and Ms. Arooj. Thank you for always believing in me and standing by 

my side. 

I am also deeply thankful to my childhood friends, Ms. Faizah and Dr. Amreen, who have been 

with me since the very first day of school. The journey from childhood to adulthood would 

have been dull without your constant presence, laughter, and unwavering friendship. 

This journey has truly shaped me as a person and taught me countless life lessons. One of the 

most important lessons I've learned is the value of independence to take ownership of my work, 

to expect more from myself and less from others. Along the way, I’ve realized that it’s okay to 

reset, restart, and refocus, but never to quit. 

Last but not least, I want to thank all my friends and well-wishers whose names I may not have 

mentioned, but who have always supported me, cheered for me, and kept me in their prayers. 

Your love and kindness mean more to me than words can express. May Almighty reward you 

all with the best. 

I would like to express my special thanks to my maternal and paternal family for their 

unwavering support and affection throughout this journey. A heartfelt gratitude to my cousins, 

Mr. Imran, Mohammad Bareel, Ms. Muntaha, and Mr. Irfan, who are more like siblings to me. 

Their love, encouragement, and constant presence have made this journey all the more 

meaningful and cherished. 

I am forever grateful to the sun and moon of my life, my parents, Mr. Manzoor Ahmad and Ms. 

Mahjabeen. Their courage, patience, and unwavering trust in me during all these years that I’ve 

been away from home mean the world to me. It is their love, upbringing, and trust in me that 

have shaped who I am today. All credit goes to them for raising me with such care and strength. 

The quiet strength and unwavering courage I have witnessed in my mother is the kind that 

carries one through every storm. Her resilience has been my anchor, and the noble character 



 ix 

and integrity of my father continue to inspire me every single day. May the mercy of Allah 

(SWT) surround them and grant me the ability to honour them always. 

I am equally indebted to my brother, Er. Zeeshan, who is not only my brother but also my best 

friend for life, is my role model. His unconditional support and the way he has stood by me at 

every stage of life are beyond words. We have laughed and cried together, and he knows me 

better than I know myself. 

To my younger brother, Er. Ifshan, the apple of our eye, thank you for being one of the kindest 

and most fair-hearted people I have ever known. I love you more than you can imagine. May 

Allah bless both of you with peace, honour, and immense happiness.  

I cannot thank enough my late khaala, Ms. Mubeena, who was my very first teacher in both 

academics and life. The profound lessons I have learned from you will stay with me forever. 

May Allah (SWT) envelop you in His mercy. 

To my beloved grandmother, Ms. Misra, my first mother, you have been my true caregiver 

since childhood. From serving me tea at midnight to shielding me from the evils of the world, 

your love and care have always been my safe haven. I owe so much of myself to you. A part of 

me longs to thank my late grandfather, Mr. Ghulam Hassan Wani, whose love and gentle 

pampering shaped my childhood in the most beautiful way. His life remains a shining example 

of what it means to be a God-fearing and truly noble human being.  

And finally, the most beautiful gift Allah blessed me with at the end of this long journey, my 

life partner. He, along with his parents, is among the calmest, kindest human beings I have ever 

known. 

This Ph.D. journey has been nothing short of a roller coaster, filled with challenges, lessons, 

and growth. But in the end, it became one of the greatest teachers and mentors of my life. I 

would have missed the most important lessons had I not chosen this path. 

 

Rumysa Manzoor 

 



 x 

Abstract 

The primary objective of our work is the research and development of high-pressure 

microplasma devices as a compact and efficient ultraviolet (UV) lamp suitable for advanced 

optical applications. High-pressure microplasma offers significant benefits, including 

enhanced excimer emissions and elevated electron densities. As such, these devices are 

emerging as promising candidates for next-generation UV radiation sources. However, 

maintaining stable plasma operation at elevated pressures poses some peculiar challenges, 

including the potential for glow-to-arc discharge transitions and electrode degradation. 

Furthermore, encapsulating these devices with a UV-transparent thin film is implemented 

using sol-gel films that are optimized for optical transparency and mechanical robustness. 

In this research, thick electroplated copper electrodes fabricated using the UV-LIGA process 

are utilized to investigate the performance of high-pressure microplasma devices. A pulsed 

DC power supply is used to maintain a stable glow discharge at high pressures. The formation 

of Argon excimer enhances UV emission. Excimer formation is a three-body reaction and is 

enhanced at higher pressures. With this view, the characteristics of discharges at higher 

pressures are investigated. We show that microplasmas can achieve consistent performance 

up to 2 atm with optimized geometries. 

Plasma inside nanoporous channels is investigated for increasing the device longevity and 

reducing electrode degradation. It is observed that nanoporous electrodes not only increase 

longevity, but they also result in high plasma density, temperature, and more stable plasma 

discharges. 

A novel micro-shell packaging approach is introduced to tackle the challenge of UV-

transparent encapsulation. A process of fabricating a UV-transparent porous silica cap, 

synthesized via a sol-gel method at low thermal annealing temperatures, is developed and 

optimized. The process is optimized for both porosity and UV transparency, leading to an 

encapsulation that ensures minimal optical loss while providing adequate structural integrity. 

This balance between porosity and optical transmission is critical for the successful packaging 

of microplasma devices. A controlled pore distribution of porous silica film is achieved, which 

facilitates 55 % UV transparency. Further, the pores in the encapsulation act as natural etch-

release holes, simplifying one of the most complicated steps of the fabrication process. 
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Overall, this research aims to develop a stable, high-pressure microglow discharge device with 

enhanced durability and minimal electrode degradation. The findings highlight that by 

integrating thick-film copper electrodes, nanoporous materials, and UV-transparent 

encapsulation, a scalable solution for reliable, high-performance microplasma-based UV lamp 

devices can be developed. The robust and scalable fabrication strategies developed herein may 

find application in environmental sensing, water purification, and other applications requiring 

reliable, high-performance UV sources. 
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सार 

हमारे कार्य का मुख्य उदे्दश्य उच्च-दाब माइक्रोप्लाज्मा उपकरणोों का अनुसोंधान और कॉमै्पक्ट 

और कुशल पराबैंगनी (रू्वी) लैंप का ववकास करना है, जो उन्नत ऑविकल अनुप्रर्ोगोों के वलए 

उपरु्क्त हो। उच्च-दाब माइक्रोप्लाज्मा कई महत्वपूणय लाभ प्रदान करता है, वजनमें उच्च एक्साइमर 

उत्सजयन और बढी हुई इलेक्टर ॉन घनता शावमल हैं। इस कारण, रे् उपकरण अगली पीढी के 

रू्वी वववकरण स्रोतोों के वलए एक सोंभाववत समाधान के रूप में उभर रहे हैं। हालाोंवक, उच्च 

दाब पर स्थिर प्लाज्मा सोंचालन बनाए रखना कुछ ववशेष चुनौवतर्ााँ उत्पन्न करता है, वजनमें ग्लो-

टू-आकय  विस्चाजय सोंक्रमण और इलेक्टर ोि क्षरण की सोंभावना शावमल है। इसके अवतररक्त, इन 

उपकरणोों को सोल-जेल वववध के द्वारा पतली पारदशी अल्ट्र ावार्लेट विल्म से सोंलग्न वकर्ा गर्ा 

है, वजसे ऑविकल पारदवशयता और र्ाोंविक मजबूती के वलए अनुकूवलत वकर्ा गर्ा है।   

इस शोध में, उच्च-दाब माइक्रोप्लाज्मा उपकरणोों के प्रदशयन का अध्यर्न करने के वलए रू्वी-

लीगा प्रवक्रर्ा द्वारा वनवमयत मोटे इलेक्टर ोपे्लटेि ताोंबे के इलेक्टर ोि का उपर्ोग वकर्ा गर्ा है। उच्च 
दाब पर स्थिर ग्लो विस्चाजय बनाए रखने के वलए स्पोंवदत िीसी पावर का उपर्ोग वकर्ा गर्ा है। 
आगयन एक्साइमर के वनमायण से रू्वी उत्सजयन में वृस्थि होती है। एक्साइमर वनमायण एक विकार् 

प्रवतवक्रर्ा है, जो उच्च दाब पर अवधक प्रभावी होता है। इसी दृविकोण से, उच्च दाब पर विस्चाजय 

की ववशेषताओों की जााँच की गई है। हमने दशायर्ा वक अनुकूवलत ज्यावमवत द्वारा माइक्रोप्लाज्मा 

2 वारु्मोंिलीर् दबाव तक स्थिर प्रदशयन प्राप्त कर सकता है।   

नैनोपोरस (सूक्ष्म-वछवित) चैनलोों के अोंदर प्लाज्मा का अध्यर्न वकर्ा गर्ा तावक उपकरण की 

दीघायरु् बनार्ा जा सके और इलेक्टर ोि के क्षरण को कम वकर्ा जा सके। र्ह देखा गर्ा वक 

नैनोपोरस इलेक्टर ोि न केवल दीघायरु् बना बनाते हैं, बस्थि उच्च प्लाज्मा घनत्व, तापमान और 

अवधक स्थिर प्लाज्मा विस्चाजय भी प्रदान करते हैं।   

रू्वी -पारदशी सोंलग्नकरण की चुनौती को हल करने के वलए एक नवीन माइक्रो-शेल पैकेवजोंग 

वववध प्रसु्तत की गई है। वनम्न तापमान पर सोल- जेल वववध द्वारा सोंशे्लवषत एक रू्वी -पारदशी 
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वछिपूणय वसवलका कैप वनमायण वववध ववकवसत और अनुकूवलत की गई है। इस प्रवक्रर्ा को वछिता 

और रू्वी पारदवशयता के वलए अनुकूवलत वकर्ा गर्ा है, वजससे नू्यनतम ऑविकल हावन के साथ-

साथ पर्ायप्त सोंरचनात्मक मजबूती सुवनवित की जा सके। वछिता और ऑविकल सोंचरण के बीच 
सोंतुलन माइक्रोप्लाज्मा उपकरणोों की सिल पैकेवजोंग के वलए महत्वपूणय है। इस प्रवक्रर्ा में 

वनर्ोंवित वछि ववतरण प्राप्त वकर्ा गर्ा, वजससे 55% रू्वी पारदवशयता प्राप्त  हुई। इसके 

अवतररक्त, सोंलग्नकरण में मौजूद वछि प्राकृवतक वनक्षारण ववमोचन वछि के रूप में कार्य करते 

हैं, वजससे वनमायण प्रवक्रर्ा के सबसे जवटल चरणोों में से एक को सरल बनार्ा जा सका है।   

समग्र रूप से, इस अनुसोंधान का उदे्दश्य एक स्थिर, उच्च-दाब माइक्रोग्लो विस्चाजय उपकरण 

ववकवसत करना है, जो अवधक वटकाऊ हो और वजसमें इलेक्टर ोि क्षरण नू्यनतम हो। इस अध्यर्न 

से र्ह स्पि होता है वक मोटे-विल्म ताोंबे के इलेक्टर ोि, नैनोपोरस सामग्री और रू्वी -पारदशी 

सोंलग्नकरण के सोंर्ोजन से एक ववश्वसनीर्, उच्च-प्रदशयन माइक्रोप्लाज्मा-आधाररत रू्वी लैंप 

उपकरण के वलए एक से्कलेबल समाधान ववकवसत वकर्ा जा सकता है। इस अनुसोंधान में 

ववकवसत मजबूत और से्कलेबल वनमायण रणनीवतर्ााँ पर्ायवरणीर् सोंवेदन, जल शुस्थिकरण और 

अन्य उच्च-प्रदशयन रू्वी स्रोतोों की आवश्यकता वाले अनुप्रर्ोगोों में उपर्ोग की जा सकती हैं। 
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