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FOREWORD

The International Symposium on ‘Light and Life’ was jointly organized by the 

Commission on Science and Technology for Sustainable Development in the South 

(COMSATS) and COMSATS Institute of Information Technology (CIIT), Islamabad 
th th(Pakistan), from 14   to 16   October 2015 to celebrate the UNESCO ‘International 

Year of Light and Light-based Technologies’. Other sponsors of this symposium 

included Abdus Salam International Center for Theoretical Physics (AS-ICTP), Trieste 

(Italy); Ministry of Science & Technology, Government of Pakistan; Higher Education 

Commission of Pakistan, Islamabad; Pakistan Academy of Sciences, Islamabad; and 

National Testing Services (NTS), Islamabad. Additionally, the National Center for 

Physics (NCP), Islamabad, and COMSTECH Secretariat, Islamabad, extended 

logistics support for some participants of the symposium.

 

The symposium provided a platform for discussing advancements in light sources and 

their characteristics, and interactions of light with different materials together with 

optics-, optoelectronics- and photonics-based technologies. Topics specifically 

covered included: Light Detection and Harvesting; Light Emitting Devices; Light-

Matter Interactions; Photochemistry and Photobiology; Light-based Technologies; 

Optoelectronics and Photonics; Imaging Science, and Quantum Informatics. In all, 

nine plenary lectures, fourteen invited talks and twenty six contributed papers were 

presented. In addition, there were seventeen poster presentations. More than 210 

registered participants of the event benefitted from the expertise of leading authorities 

of the field and experienced researchers. The international character of the 

symposium was evident from the list of speakers and participants hailing from USA, 

UK, Germany, Ireland, Italy, Japan, China, Turkey, Iran, Sudan, and Bangladesh. 

From the host country, Pakistan, a total of thirty four Universities and Institutions were 

represented in the event.

 

Preparations for the symposium started off in early 2015 with the invitations extended 

to a number of leading experts from across the world to come to Islamabad.  Most of 

them initially responded enthusiastically,  but quite a few of the invited distinguished 

experts later  showed reluctance to come to Islamabad in person because of perceived 

security risks, in spite of our assurances of fool-proof security arrangements. However, 

they readily consented to present their talks through video links, as a second option.  

We were undoubtedly happy to accept those offers after ensuring that the speakers 

would be available online for live discussions with the audience. This also meant 

adjusting the time slots for different video talks to be able to minimize any 

inconveniences on both sides considering the very different time zones, from Japan in 

the East to the US in the West. Eventually, quite a few distinguished scholars and 

leading experts did come to Islamabad and provided excellent opportunities for 



participants to closely interact with them. They too enjoyed their stay in Islamabad and 

appreciated the beauty and serenity of the city. Needless to say that all academic and 

social activities were held without any untoward incident and everyone who came to 

Islamabad for this symposium reached back home safely.

The next step was the preparations for publishing the proceedings as originally stated 

in the symposium announcement. To facilitate this task, we had requested all the 

contributors to bring with them their respective manuscripts in final form for 

publishing in the proceedings, to be handed over to the conference secretariat during 

the symposium. However, this could not be realized due to various reasons. Later, we 

requested all the plenary and the invited speakers to send their papers within a couple 

of months. Again, only a few authors obliged. We even offered to include extended 

summaries of their works, if full length papers were not possible. Moreover, we took up 

a suggestion from a distinguished professor to include some slides from the 

presentations but with self-explanatory notes or captions to make a self-contained 

report. Eventually, we managed to collect a respectable number of manuscripts to go 

to print, comprising of full papers, extended summaries and power-point slides. These 

include a total of eleven plenary and invited lectures and two contributed talks. Also 

included are abstracts of all other papers presented at the symposium. A listing of titles 

of the poster presentations along with the names of the authors is included so that a full 

spectrum of scientific activities during the symposium is documented. 

It is with deep sense of satisfaction that we present these published proceedings that 

we hope will provide an opportunity to the readers to engage themselves with the 

specialized fields of study and topical research work that was presented during the 

symposium. The high quality of these papers and the discussion therein reflects the 

ideas and experience of leading experts in their respective fields. The contributions of 

these experts truly helped in making the conference an outstanding academic event. 

We wish to record our sincere gratitude to everyone who contributed in this 

symposium through presentation of papers physically in Islamabad or live through 

video-links. The success of the symposium depended crucially on their contributions. 

Additionally, we would like to record our deep gratitude to all those who responded 

positively to our requests for papers for the proceedings. It is worth mentioning here 

with a sense of profound sadness that one of our very distinguished speakers, Prof. Dr. 

Wolfgang Sandner, Director General, Extreme Light Infrastructure (ELI, Germany) 

passed away before he could send his contribution in the form of a manuscript that he 

had so kindly pledged earlier. Unfortunately, we could not even keep a copy of his 

wonderful pre-recorded presentation because of a computer glitch. A short eulogy in 

honor of Prof. Sandner is being appended in this publication.

2

Last, but  not the least, we would like to express our sincere gratitude to the team of 

very responsible, dependable and enthusiastic people who worked as members of 

different organizing committees, both at CIIT and COMSATS Headquarters. Their 

role was indispensable for smoothly conducting the technical, logistical and social 

activities as per schedule. The highest tributes must be paid to the editorial team for its 

hard work to give the final shape to this compilation. In this context, Mr. Irfan Hayee, 

Ms. Farhana Saleem, Mr. Imran Chaudhry and Mr. Abdul Majid Qureshi deserve a 

special mention. 

Imtinan Elahi Qureshi Mohammad Aslam Khan

Former Executive Director Advisor, Physics Department

COMSATS, Islamabad CIIT, Islamabad

3
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IN MEMORIAM

Prof. Dr. Wolfgang Sandner
(1949 - 2015)

I was deeply saddened to learn about the sudden death of a dear friend, Prof. Dr. 
Wolfgang Sandner, Director General of Extreme Light 
Infrastructure Delivery Consortium (ELI-DC) and former Director 
of Max Born Institute (MBI) for Nonlinear Optics and Short Pulse 
Spectroscopy (Berlin, Germany), who passed away on December 
5, 2015, at the age of 66. The announcement from the management 
of ELI-DC said, “This is not only a considerable loss for the whole 
of the ELI infrastructure but also for European Science and 
Science Policy”. In the words of Marc Vrakking, Chair of the Board 
of Directors of Forschungsverbund, Berlin, and Director at the 
MBI, Prof. Sandner, an Outstanding Scientist who created 
significant opportunities for European Laser Physics in the 
political arena, has passed away far too soon. "Wolfgang Sandner 
strongly believed that the necessary facilities of Extreme Light Infrastructure (ELI) 
could only be established through a common European effort", said Vrakking.

Born in Teisendorf, Germany, in 1949, Wolfgang Sandner received his Ph.D. degree in 
Atomic Physics from the University of Freiburg (Germany) in 1979. Soon after, he 
began to focus on Laser Physics. He held Professorial Chairs at the Universities of 
Würzburg (Germany), Freiburg (Germany) and Knoxville (USA). From 1993 to 2013, 
Prof. Sandner served as Director at MBI, and as a Member of the Board of 
Forschungsverbund, Berlin. He was also a Professor of Physics at Technical 
University, Berlin, from 1994 to 2014.

Starting in 1993, Prof. Sandner participated in many national and international 
science and research policy organizations, particularly in the European Union, as an 
advisor to the German Federal Ministry of Education and Research, and as a member 
of scientific advisory boards of many research institutes. From 2003 through 2013, he 
was coordinator of the Laser Lab Europe, a project funded by the European Union 
Network, including 26 research institutions in 16 countries. He was Chairman of the 
Association of European-level Research Infrastructure Facilities since 2014.

Prof. Sandner was a Fellow of the American Physical Society and served as President 
of the Deutsche Physikalische Gesellschaft (DPG) – German Physical Society – from 
2010 to 2012. He also served on several Executive and Advisory Boards, including the 
Berthold Leibinger Stiftung Board of Trustees, the Photonics21 Board of 
Stakeholders, and the Scottish Universities Physics Alliance.

His areas of research included Atomic Physics, Light-Matter Interaction at Ultra-high 
Intensities, Relativistic Laser Plasma Dynamics, Laser Particle Acceleration, Atomic 

Prof. Wolfgang Sandner
(1949 - 2015)
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and Molecular Ionization Dynamics in Strong and Ultra-strong Laser Fields, 
Development and Application of Short-Pulse Lasers of Highest Peak and Average 
Power, and Laser-based UV and X-ray Sources. He made outstanding contributions in 
many of these fields and his great insights will continue to guide and inspire many new 
minds.

Prof. Sandner authored more than 200 publications including numerous papers for 
SPIE – International Society for Optics and Photonics. Recently, he had served on the 
Steering Committees for SPIE Optics + Optoelectronics 2015, and had been 
confirmed to give a featured talk at SPIE Photonics Europe 2016.

I was working at King Fahd University of Petroleum and Minerals (KFUPM), Dhahran, 
Saudi Arabia, where we were trying to set up a world-class Laser Research Laboratory.  
During the years from 1984 to 1992, I visited different research labs in Germany, 
mostly spending the summer breaks with different research groups working on Lasers 
and Atomic Spectroscopy. These included Max Planck Institute for Quantum Optics 
(Garching, Munich), University of Hannover, University of Freiburg, and Freie 
University, Berlin. In the summer of 1990, I met Prof. Wolfgang Sandner when I went 
to Freiberg University to work with his group there. I was pleasantly surprised when 
he personally received me at the Freiburg Railway Station where I had arrived from 
Frankfurt. He had hosted my Seminar in the Department of Physics and facilitated my 
stay in Freiburg. A warm friendship had already taken shape. We jointly published a 
couple of journal and conference papers also. At that time, he was considering moving 
to Tennessee (USA), where he had been offered a professorship. I did not get a chance 
to visit his labs in Berlin, mainly because our own research laboratory became 
operational in Dhahran. However, we met at several international conferences and 
remained in touch.

I invited Wolfgang to present a plenary talk on ELI at the International Symposium on 
“Light and Life” that we were organizing in Islamabad. He happily accepted our 
invitation but his heavy involvement in ELI did not permit him time to come to 
Islamabad. However, he graciously agreed to present his talk through video-link. He 
was in a meeting at the time of his scheduled presentation, but managed to spare the 
needed time to remain available online to answer questions from the participants. It 
was a wonderful talk covering many technical details of ELI and the projected plans. 
He actually invited the scholars and eligible students to come to work at the unique 
facilities being developed under his leadership. 

His death came absolutely unexpected. But that, indeed, is life, no one knows when the 
end could come. Wolfgang will be greatly missed by all who knew him both as a top 
physicist and an outstanding human being. Excellent memories of our friendship will 
be with me for a very long time indeed. I present my deepest regards and heart-felt 
condolences to the family of Prof. Wolfgang Sandner. 

Mohammad Aslam Khan, CIIT, Islamabad
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SYMPOSIUM REPORT

A three-day International Symposium on ‘Light and Life’ jointly organized by the 
Commission on Science and Technology for Sustainable Development in the South 
(COMSATS) and COMSATS Institute of Information Technology (CIIT) was held at the 
latter’s campus in Islamabad, from October 14-16, 2015. This was to celebrate the UN 
International Year of Light and Light-based Technologies (IYL), and to highlight the 
latest research and developments in the field taking place across the globe. Apart from 
COMSATS (HQ) and CIIT, the sponsors of the event included Abdus Salam 
International Centre for Theoretical Physics (ICTP), Trieste (Italy); the Ministry of 
Science and Technology, Government of Pakistan; the Higher Education Commission 
(HEC) of Pakistan; Pakistan Academy of Sciences (PAS); and National Testing Service 
(NTS). 

Federal Minister for Science & Technology and Defense Production, Govt. of Pakistan, 
H.E. Mr. Rana Tanveer Hussain, inaugurated the symposium during a ceremony 
attended by a gathering of over 200 researchers, scientists, students, and officials from 
universities and R & D organizations in Pakistan as well as countries of the region and 
Member-States of COMSATS. 

Apart from the address by the Minister, the inaugural ceremony featured speeches and 
remarks by the Rector CIIT, Dr. S.M. Junaid Zaidi; Prof. Dr. Aslam Khan, Advisor 
(Physics) at CIIT and Chairman of the event’s Organizing Committee; Prof. Dr. Aslam 
Baig, Distinguished National Professor at the National Centre for Physics (NCP), and 
Dr. Imtinan Elahi Qureshi, Executive Director, COMSATS.

Prof. Aslam Khan gave an overview of the event in which he shared the key features 
about the technical program of the event, including the format of the Symposium, the 
number and nature of talks and poster presentations, number and origin of the 
speakers and presenters, etc. 

The UNESCO’s designated Focal Point for activities related to the International Year of 
Light and Light-based Technologies in Pakistan, Prof. Aslam Baig, gave a broad 
overview of the International Year of Light and Light-based Technologies, noting that 
IYL relates to a number of relevant landmarks in the history: 1000th Anniversary of 
Ibn Al Haitham’s ‘Book of Optics’; 200th Anniversary of Fresnel’s description of the 
Wave Nature of Light; 150th Anniversary of Maxwell’s Equations of Electromagnetic 
Waves; 100th Anniversary of Einstein’s Theory of General Relativity; and 50th 
Anniversary of the discovery of Cosmic Microwave Background Radiation. Dr. Baig 
also gave a summary of events organized in Pakistan to celebrate the year that started 
with NCP’s event entitled ‘Celebrating Light’ early this year. Availing the presence of 
the Minister for Science & Technology and Defense Production, he urged the Pakistani 
Government to allocate more resources for education and S&T in Pakistan.
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Maria Allegrini of Universita' di Pisa, Italy; Prof. Dr. Nabeel  Riza of University College 
Cork, Ireland; Prof. Dr. Hakan Altan, Middle East Technical University, Turkey; Prof. 
Dr. Gouqin Ge of Huazhong University of Science and Technology, China; and Dr. 
Shahbaz Anwar of Kyoto University, Japan. 

More than 210 registered participants of the event benefitted from the expertise and 
experiences of these and other speakers of the event. 

Technical deliberations of the Symposium highlighted the great potential of light and 
light-based technologies for benefitting the societies at large. Special emphasis was on 
Solar Energy Harvesting, LEDs, OLEDs, Lasers, Imaging Science even beyond the 
diffraction limit with applications in Bio-Sciences and Biotechnology, Environmental 
Monitoring, Nano Science particularly Nanoscopy, Photonic Devices, Accelerator-
based Light Sources including Synchrotron and Free Electron Lasers, and Extreme 
Ultraviolet & X-Ray Lasers, as well as Quantum Information Processing. 

The speakers showed how changing the material properties on the atomic scale can 
help in having more control over the materials response for desirable use such as 
efficient conversion of light and maneuverability over the conventional laws of light 
dispersion, refraction, scattering, etc. Such controls could help minimize losses in the 
light-based technologies. Considerable emphasis was laid on the solid state lighting 
(SSL). The scholars highlighted the potential of SSL to become competitive with 
conventional light sources in the future that could greatly increase their share in the 
general illumination manufacturing industry and relevant markets.

A poster session was also organized on the second day of the symposium where 
research scholars presented their recent research work.

Pre-symposium Workshop on Technology of Light-Emitting Diodes

The program of the Symposium also included a Pre-Symposium Workshop on 
‘Technology of Light-Emitting Diodes’ held at CIIT on October 13, 2015. This 
workshop consisted of three sessions on Technology of Light Emitting Diodes (LED), 
and Organic Light Emitting Diodes (OLED). The two experts that imparted training 
during these sessions were: Dr. Khizar Bhutta, Lead Scientist at Whirlpool 
Corporations (USA) and Dr. Umair Hassan, Assistant Professor of Physics at CIIT. The 
workshop was attended by over 100 faculty members and students of relevant fields. 
All participants acknowledged the usefulness of the workshop and appreciated its 
technical quality.

Concluding Session

Dr. Shaukat Hameed Khan, a veteran laser physicist currently serving as the 
Coordinator General, COMSTECH (Islamabad), was the Chief Guest of the 
Concluding Ceremony who formally closed the proceedings with an interesting 

Speaking on the occasion, Dr. I. E. Qureshi apprised the audience about COMSATS 
Secretariat’s close working relations with the UNESCO Headquarters in Paris, 
formalized through signing of a Memorandum of Understanding in March 2015. He 
informed that subsequent discussions on modalities of cooperation with UNESCO led 
to the holding of the present symposium. Stressing the potential of S&T to help the 
developing countries prosper, Dr. Qureshi highlighted the nexus between economic 
growth, technological advances, and political patronage. He elucidated his point by 
quoting relevant examples from the past and present that showed the interdependent 
nature of these. He further added that the technologies that had seemed fictional a few 
years back were turning into reality due to breathtaking advances through scientific 
research. 

The Minister, in his inaugural address, noted the importance of the theme of the event 
and recounted the number of relevant fields where advancements have benefitted the 
society. In this regard, he noted that there were wide-spread uses and applications of 
light and light-based technologies in developed and developing world, in the fields of 
defense, energy, communication, environmental monitoring, remote sensing, 
medicine, industrial research, information technology, etc. Cognizant of the 
importance of R&D in the relevant fields, the Minister apprised the audience of the 
government’s awareness of the need to invest in the development of infrastructure and 
human resources in this field. He considered it necessary to develop well-coordinated 
programs in collaboration with national, regional, and international groups and 
centers of excellence. He also noted that the Government of Pakistan has started 
several R&D programs in Lasers and Photonics including the National Institute of 
Lasers and Optronics (NILOP), in addition to numerous specialized courses and 
research activities at various universities across the country, including CIIT. 

Technical Sessions

The proceedings of the Symposium that commenced after the inauguration comprised 
of 16 technical sessions, 9 plenary talks, 14 invited talks, 26 contributed talks, and 17 
poster presentations. Details may be found in the Technical Program. The topics 
covered during the event fell in the following broad categories: Light Detection & 
Harvesting; Light Emitting Devices; Light-Matter Interactions; Light-based 
Technologies; Photochemistry & Photobiology; Optoelectronics & Photonics; Imaging 
Science; and Quantum Informatics. 

A total of 49 talks were presented on relevant topics by speakers from Bangladesh, 
China, Germany, Iran, Ireland, Italy, Japan, Pakistan, Sudan, Turkey, UK, and USA. 
The distinguished speakers included: Dr. Zahid Yaqoob of Massachusetts Institute of 
Technology, Cambridge, USA; Dr. Zahid Hussain of Lawrence Berkeley National 
Laboratory, USA; Prof. Dr. Hani Elsayed-Ali of Old Dominion University, USA; Prof. 
Dr. Gregory John Tallents of University of York, UK; Prof. Dr. Soon Xin Ng of University 
of Southampton, UK; Prof. Dr. Wolfgang Sandner of ELI-DC International Association 
AISB, The Extreme Light Infrastructure and DESY, Zeuthen, Germany; Prof. Dr. 
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Laboratory, USA; Prof. Dr. Hani Elsayed-Ali of Old Dominion University, USA; Prof. 
Dr. Gregory John Tallents of University of York, UK; Prof. Dr. Soon Xin Ng of University 
of Southampton, UK; Prof. Dr. Wolfgang Sandner of ELI-DC International Association 
AISB, The Extreme Light Infrastructure and DESY, Zeuthen, Germany; Prof. Dr. 
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presentation on the theme of the event giving its historic background and Pakistan’s 
profile related to light-based technologies.

Dr. Khan informed the participants about the planned OIC Exchange Program to be 
named ‘Al Haitham Program’, honoring the eminent Muslim scientist, Ibn Al Haitham. 

Earlier during the concluding ceremony, Dr. Aslam Khan presented the Symposium 
Report, in which he shared the key statistics with a technical overview of the event. He 
noted the international character of the event and thankfully acknowledged all the 
local and international speakers for sharing their latest research findings. 

Speaking on the occasion, Dr. Arshad Saleem Bhatti, Dean, Faculty of Science, CIIT, 
suggested that the awareness about light-based technologies created during the event 
should be consolidated and an ‘Optical Society of Pakistan’, like the one in the USA, 
may be created for furthering the spirit of the International Year of Light and Light-
based Technologies. 

Dr. Khizar Bhutta considered the event to be well-planned and well-executed. He 
proposed strong collaboration between highly experienced faculty members and 
young faculty members for greater intellectual output of the universities. 

Dr. Sabieh Anwar of LUMS School of Science & Engineering, Lahore, Pakistan, 
remarked on the importance of the Symposium’s theme and noted its educational 
benefits for the students and the  participants. 

Dr. Raheel Qamar, In-charge Islamabad Campus and Dean of Research, Innovation 
and Commercialization, CIIT, informed the audience that during 2015, CIIT has so far 
published over 850 papers in Impact Factor Journals and is projected to become the 
first university of Pakistan to have published 1,000 scientific publications in a year.

A significant outcome of the event was that the speakers from USA, UK, Germany, 
Ireland, Italy, China and Turkey offered research collaborations and opportunities for 
graduate studies at their respective institutes to the participants and other eligible 
Pakistani students. 

The event concluded with distribution of shields and certificates to the distinguished 
guests, speakers, participants and organizers of the event. 
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Wednesday Technical Session II(a): Quantum Informatics 

 

Chairperson: Dr. Manzoor Ikram, NILOP, Islamabad  
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

2:00 – 2:25 

Prof. Guoqin Ge 
Huazhong 

University, China  

Non Linear Optics with Superconducting 
Quantum Circuits 

2:25 – 2:50 
Dr. Sajid Qamar  
CIIT, Islamabad  

Coherent Control of the Goos-Hänchen Shift 

2:50 – 3:05 
Dr. Javaid Anwar  
CIIT, Islamabad  

Phase Dependent Electromagnetically Induced 
Transparency (EIT) in a Three Level Atomic 
System Using Squeezed Vacuum Reservoir  

 

3:05 – 3:20 
Dr. Fazal Ghafoor  
CIIT, Islamabad  

Darkened atom and temporal dynamics of atom 
population at the excited energy level 
 

3:20 – 3:45 

Dr. Mushtaq 
Ahmed 

NILOP, Islamabad  
 

 

Wednesday Technical Session I I(b): Light Sources Detection and Harvesting 
 

Chairperson: Prof. Dr. Zafar Iqbal, CIIT, Islamabad  
 

Venue: Room 207, Academic Block I, CIIT, Islamabad  

2:50 – 
3:05 

Dr. Arshad 
Mahmood 

NILOP, Islamabad  
 

The race for GaN Blue Laser Diode: A tribute to 
Akasalxi, Hiroshi & Nakamura 

3:05 – 
3:20 

Dr. Amir Khurram 
Rashid 

On the Prospects of Electrically Large Optical 
Antennas For Energy Harvesting 

3:20 – 
3:35 

Ms. A. Kalair 
CIIT, Islamabad  

A Generic Model of PV Plant Lightning 
Protection 

Optical Diagnostics of Viral & Parasitic Diseases
in Edible Oils, Spreads and Ghee

3:35 – 
4:00 

Tea Break  
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Wednesday Technical Session III  (a) : Optoelectronics & Photonics II 
 

Chairperson: Prof. Dr. M. Yasin A. Raja, UNCC, USA 
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

4:00 – 
4:25 

Dr. Nabeel A. Riza  
UCC, Ireland 

 

Smart Photonic Sensors – Performing for the 
Environment 
 

4:25 – 
5:05 

Dr. Hani Elsayed-
Ali 

ODU, USA 
 

Ultrafast time-resolved electron diffraction 
studies of laser heated thin films and surfaces. 

5:05 – 
5:20 

Dr. Samia 
Tabassum 

IFRD, Bangladesh 

Sol-gel and RF Sputtered AZO Thin Films: 
Analysis of Oxidation Kinetics in Harsh 
Environment 

 Wednesday Technical Session III (b): Light Sources Detection and 
Harvesting II 

 

Chairperson: Dr. Khizar Bhutta, Whirlpool Corporation, USA  
 

Venue: Room 207, Academic Block I, CIIT, Islamabad  

5:05 - 5:20 
Dr. Atta Ullah  

NILOP, Islamabad  
Epitaxial Growth of GaN on c-Plane Sapphire by 
MBE Technique (Process Optimization) 

5:20 – 
5:35 

Dr. Zahid Ali  
NILOP, Islamabad  

Highly Efficient Photoelectrochemical Response 
by Sea-urchin Shaped ZnO-TiO Nano Micro 
Hybrid Heterostructures Co-Synthesized with 
CdS/CdSe 
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DAY 2 THURSDAY – 15 Oct. 2015 

Thursday Technical Session IV (b): Quantum Informatics-II 
 

Chairperson: Prof. Dr. Sajid Qamar , CIIT, Islamabad  
 

Venue: Room 207, Academic Block I, CIIT, Islamabad  

10:30 – 10:45 
Dr. Salman Khan  
CIIT, Islamabad  

Tripartite entanglement in various 
cavities under dipole-dipole 
interaction 

10:45 – 11:30 Tea Break  

Thursday Session V (a): Imaging Science 
 

Chairperson: Prof. Dr. Nabeel A. Riza, UCC, Ireland 
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

11:30 – 12:00 
Dr. Hakan Altan  
METU, Turkey 

Spatial Modulation of THz beams 
for Imaging Applications 

12:00 – 12:30 
Dr. Zahid Yaqoob  

MIT, USA  
Biophotonic Instrumentation – 
Design to Applications 

12:30 – 12:45 
Dr. Anwar Hussain  

CIIT, Islamabad  

Resolution Enhancement Using 
Simultaneous Coupled 
Illumination 

Thursday Technical Session IV (a): Light Sources Detection and Harvesting III 
 

Chairperson: Dr. Badar Suleman, PAEC, Islamabad  
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

9:00 – 9:25 
Dr. Khizar Bhutta  

Whirlpool Corporation, USA 

Solid State Lighting – Next 
Generation of Illumination 
Technologies  

9:25 – 10:05 
Dr. Zahid Hussain  

LBNL, USA 

Science with Accelerator Based 
Light Sources: Synchrotron 
Radiation 

10:05 – 10:30 
Dr. Iqbal Chaudhry  

Qorvo Inc., USA 
Multi-junction Solar Cells for 
Concentrated Photovoltaic 

10:30 – 10:45 
Dr. Osman M. Omar 

IRCC, Sudan 

Design & Analysis of PV Energy to 
Grid Utility by Using String 
inverter 

Thursday Technical Session V (b): Quantum Informatics 
 

Chairperson: Dr. Javed Anwar, CIIT, Islamabad  
 

Venue: Room 207, Academic Block I, CIIT, Islamabad  

12:30 – 12:45 
Dr. Zia ud Din  

CIIT, Islamabad  
Parity-Time Symmetry in Rydberg 
Atoms 

12:45– 13:00 
Dr. Rameez ul Islam 
NILOP, Islamabad  

 

Wheeler's Delayed Choice 
Experiment: a proposal for Bragg 
regime cavity QED 
implementation 

1:00 – 2:00 Lunch & Prayer Break 

15

Thursday Technical Session VI: Light-Matter Interaction  
 

Chairperson: Dr. Hakan Altan, METU, Turkey  
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

2:00 – 2:40 
Dr. Wolfgang Sandner  

ELI-DC, Germany 
Extreme Light Infrastructure- A 
Pan-European Laser Facility  

2:40 – 2:55 
Dr. Abdul Waheed  
NILOP, Islamabad  

Suppression of Multiphoton Intra-
shell Resonances in Li Rydberg 
atoms 

2:55 – 3:35 
Dr. G. J. Tallents  

University of York, UK 
Applications of Extreme Ultra-
Violet Lasers 

3:35 – 3:50 
Dr. Saira Arif  

CIIT, Islamabad  

Laser Cleaning of Historical and 
Modelled Papers by 213 nm and 
532 nm Pulsed Laser Radiation 

3:50 – 4:05 
Dr.  Muhammad Rafi 
NILOP, Islamabad  

 

Electrospinning: Fabrication of 
Nanofibers for Advanced 
Engineering  Applications 

 
4:00 – 6:00 

pm 

Thursday Technical Session VII  
 

(a): Poster Session (Basement of Central Library, CIIT)  
 

Chairpersons: Prof. Dr. M Yasin Akhtar Raja & Dr. M. Iqbal Chaudhary   
 

(Tea and Refreshments will be available in the Central Library)  

(b) Visit To The Research Labs  

CONFERENCE DINNER 
Islamabad Club, Islamabad, 07:30 pm – 09:30 pm 
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DAY 3, Friday – 16 October 2015 
 

Friday Technical Session VIII (a): Nanophotonics  
 

Chairperson: Dr. Khizar Bhutta, Whirlpool Corporation., USA. 
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

9:00 – 9:30 Dr. M. Yasin Akhtar Raja  
UNCC, USA 

Pioneers in Study of Light – The 
Forgotten Giants 

9:30 – 9:55 Dr. Sabieh Anwar  
LUMS, Lahore 

Magneto-Optics meets 
Nanoscience
  

9:55 – 10:35 Dr. Maria Allegrini  
University of Pisa, Italy 

Nanoscopy Beyond the Diffraction
Limit

 

10:35 – 10:50 
Dr. Marjan Rajabi  

IROST, Iran  

Luminescence Spectroscopy of 
La-doped TiO2 One-Dimensional 
Nanostructures 

10:50 – 11:10 
Dr. M. Shahbaz Anwar  
Kyoto University, Japan  

Long range Proximity effect 
between a spin-triplet 
Superconductor Sr2RuO4 

Friday Technical Session VIII(b): Optoelectronics & Photonics III  
 

Chairperson: Dr. Sabieh Anwar, LUMS, Lahore  
 

Venue: Room 207, Academic Block I, CIIT, Islamabad  

10:40 – 10:55 
Dr. M. Faryad  
LUMS, Lahore 

Zero-Index-Metamaterial Using 
Dielectric Core Shell Photonic 
Crystals. 

10:55 – 11:10 
Dr. Tanveer Ashraf  
NILOP, Islamabad  

Heusler Alloys for Spintronic 
Devices 

11:10 – 11:30 Tea Break  

Friday Technical Session IX (a): Light-based Technologies -I 
 

Chairperson: Prof. Dr. Zafar Iqbal, CIIT, Islamabad  
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

11:40 – 11:55 
Dr. Umair Hassan  
CIIT, Islamabad  

Trapping the Charge Carriers - an 
unusual way to make highly 
efficient Polymer Light Emitting 
Diodes 

17

11:55 – 12:20 
Dr. Soon Xi Ng 

University of Southampton, 
UK 

A Quick Overview of Quantum
Error Correction Codes

 

12:20 – 12:45 
Prof. Dr. S. M. H. Zaidi  

NUST, Islamabad  

Power Saving Using Class of 
Service Differentiation 
Mechanism in Extended Reach Fi -
Wi Networks 

12:45 – 1:00 
Dr. Asghari Gul  
CIIT, Islamabad  

Photo-Polymerization of Acrylate 
Monomers using a Q-Switched 
Nd: YAG Laser 

Friday Technical Session IX (b): Light Sources Detection and Harvesting 
 

Chairperson: Dr. Khizar Bhutta, Whirlpool Corporation, USA  
 

Venue: Room 207, Academic Block I, CIIT, Islamabad , Academic Block I, CIIT, 
Islamabad 

12:20 – 12:35 
Dr. Zubair Khan 

Federal Urdu University 
Islamabad 

Effect of Light on the Electron 
Beam Detection by Faraday  Cup 

12:35 – 12:50 

 
Mr. Fatih Degirmenci  

TUBITAK-MAM, Turkey 
 

Fecile Perovskite Film Production 
Method via Precursor Vapor 
Deposition 

Friday Technical Session X (a): Photobiology & Photochemistry-I 
 

Chairperson: Prof. Dr. Zahid Saleem, CIIT, Islamabad  
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

2:30 – 2:55 
Dr. Zahid Yaqoob  

MIT, USA  
Overcoming Turbidity for Deep-
Tissue Imaging 

2:55 - 3:35 

Dr. Andrea Goldoni  
Elettra Synchrotron, Italy 

 
 

Application of Synchrotron 
Radiation in the study of organic 
molecules for catalysis, energy 
and magnetic materials 

3:35 – 4:00  
Polarimetry and its Applications 
in Biophotonics 

Dr. Masroor Ikram
PIEAS, Islamabad
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Friday Technical Session X (b): Light Based Technologies -II 
 

Chairperson: Dr. Ghazanfar Hussain, NILOP, Islamabad  
 

Venue: Room 207, Academic Block I, CIIT, Islamabad  

03:35 – 03:50 
Dr. Nighat Yasmin  
NILOP, Islamabad  

 

Design and Development of Mie 
Lidar System for  Atmospheric 
Monitoring 

03:50 – 04:05 
Dr. Irfan Memon  
CIIT, Islamabad  

Tunable Millimeter Wave 
Synthesizer Using Optical 
Technology 

CONCLUDING SESSION 
 

Venue: Seminar Hall, Academic Block I, CIIT, Islamabad  

4:05 Recitation of Verses from the Holy Quran  

 
4:10 

Symposium Report  
 

Prof. Dr. M. Aslam Khan  
Chairman Organizing Committee 

4:20 
Future of Photonics in 

Pakistan  

Prof. Dr. Arshad S. Bhatti  
Dean Faculty of Sciences, CIIT, 

Islamabad 

4:30 Address by the Chief Guest 
Dr. Shaukat Hameed Khan  

Coordinator General, 
COMSTECH 

4:45 
Vote of Thanks  

 
Prof. Dr. Raheel Qamar  

Incharge Campus CIIT, Islamabad 

4:55 Distribution of Prizes and Certificates 

5:30 Group Photo, Tea & Refreshments  



PICTURE GALLERY
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Dr. S.M. Junaid Zaidi, Rector CIIT, presenting Welcome Address

Symposium Overview given by Prof. Dr. M. Aslam Khan
Chairman Organizing Committee
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Dr. S.M. Junaid Zaidi, Rector CIIT, presenting Welcome Address

Symposium Overview given by Prof. Dr. M. Aslam Khan
Chairman Organizing Committee
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H.E. Rana Tanveer Husain, Minister for Science and Technology, presenting 
Inaugural Address

20

Dr. I.E. Qureshi,  delivering the Inaugural AddressExecutive Director COMSATS

Prof. Dr. M. Aslam Baig giving an Overview of IYL related Activities in Pakistan

Participants of the Inaugural Session
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Prof. Dr. M.Y.A. Raja, UNCC, USA

Prof. Dr. Nabeel Riza, UCC, Ireland

22

Prof. Dr. Raheel Qamar, Incharge Campus, CIIT Islamabad

Dr. Shaukat Hameed Khan, Coordinator General, COMSTECH
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Prof. Dr. M.Y.A. Raja, UNCC, USA

Prof. Dr. Nabeel Riza, UCC, Ireland

22

Prof. Dr. Raheel Qamar, Incharge Campus, CIIT Islamabad

Dr. Shaukat Hameed Khan, Coordinator General, COMSTECH
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Dr. M. Khizar Bhutta, Whirpool Corp., USA

Prof. Dr. Guoqin Ge, Huazhong, China

Dr. Iqbal Chaudhry, Qorvo Inc., USA

Dr. Hakanb Altan, METU, Turkey
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Dr. Marjan Rajabi, IROST, Iran

Dr. Osman Omar, IRCC, Sudan

Dr. Zahid Yaqoob, MIT, USA

Dr. Samia Tabassum, BCSIR, Bangladesh
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Dr. Marjan Rajabi, IROST, Iran

Dr. Osman Omar, IRCC, Sudan

Dr. Zahid Yaqoob, MIT, USA

Dr. Samia Tabassum, BCSIR, Bangladesh
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Prof. Dr. Masroor Ikram, PIEAS, Islamabad

Dr. S.M.H Zaidi, NUST, Islamabad

Prof. Dr. A.S. Bhatti, CIIT, Islamabad

Dr. Sabieh Anwar, LUMS, Lahore
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Prof. Dr. Masroor Ikram, PIEAS, Islamabad

Dr. S.M.H Zaidi, NUST, Islamabad

Prof. Dr. A.S. Bhatti, CIIT, Islamabad

Dr. Sabieh Anwar, LUMS, Lahore
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Participants of Pre-Symposium Workshop in a Group Photo with
Prof. Dr. Raheel Qamar

A View of Poster Presentation Session

30

Prof. Dr. Sajid Qamar, CIIT, Islamabad
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ABSTRACT

In this paper, we review the basics of optical investigations with a spatial resolution 
beyond the diffraction limit. Scanning Near-field Optical Microscopy (SNOM) is shown 
to be a powerful and sensitive tool, able to transfer a wealth of conventional microscopy 
methods into the realm of the nanoworld. In particular, integration of SNOM with 
polarization-modulation methods enables analyzing and measuring optical activity at 
the nanoscale in solid-state samples. A few examples are presented to elucidate the 
potential of the technique in analyzing organic nanostructures showing linear and 
circular dichroism and in unraveling conformational and structural details.

Keywords: near-field, nanoscopy, sub-diffraction spatial resolution, polarization 
modulation, dichroism, circular dichroism at the solid-state.
 
1. INTRODUCTION

There is no doubt that light is one of the most powerful analytical tools to probe matter 
and its properties. Indeed, the interaction between the matter and electromagnetic 
radiation in the near-UV to near-IR ranges can provide plenty of information on, e.g., 
material structure, chemical composition, morphology, functional properties, etc. A 
wealth of instrumental configurations has been developed during the years in order to 
address specific analytical issues that led to optical methods featuring excellent 
performance in terms of sensitivity and selectivity.

In the last decades, technology has rapidly progressed towards the attainment of 
nanosized systems and devices. This prompted an important question as to how to 
transfer the typical methods of conventional optics to the realm of the nanoworld. The 
issue involves many different aspects of science and technology, and is inherently 
related to the fundamental phenomenon of wave diffraction.

Since the early development of scientific microscopes, diffraction has been well 
known to set a limit on the maximum achievable spatial resolution. This is summarized 
by the so-called Abbe’s formula [1], which states that two point-like objects in the focal 
plane of a microscope, illuminated by a radiation at wavelength l, can be 
distinguished from each other only if their mutual distance is:
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In principle, SNOM does not require any specific experimental configuration or 
sample pre-treatment to achieve sub-diffraction spatial resolution, offering a true 
possibility to perform a wide range of conventional optics measurements with 
improved spatial resolution and sensitivity.

From the practical point of view, SNOM exhibits also additional potential advantages 
compared to other microscopies. Being a variant of SPM, it brings the capability to 
image the surface morphology simultaneously with the investigation of the local 
optical properties. Furthermore, straightforward implementations can be designed 
and realized that are able to measure, often in truly quantitative terms, the response of 
nanostructures and materials to the electromagnetic field. Finally, its operating 
principle is rather simple from the conceptual point of view and SNOM can be 
effectively adapted to different experimental configurations, leading to analysis of 
many optical properties, such as scattering, absorption, fluorescence, luminescence, 
birefringence, dichroism, etc.

2. BASICS OF NEAR-FIELD MICROSCOPY

The basics of near-field microscopy can be best understood by considering the so-
called aperture SNOM. Basically, it is an SPM whose probe consists of a sub-
wavelength-sized transparent aperture in an otherwise opaque medium (replaced by a 
sub-wavelength-sized opaque object in the so-called scattering SNOM). In the 
emission mode of operation, such a small aperture is illuminated by conventional 
(propagating) light in the far-field, behaving as a quasi-point-like source of optical 
near-field. In the collection mode of operation, on the contrary, the probe collects the 
evanescent electromagnetic field at the surface of the investigated sample.

When the size of the aperture (or of the object) gets considerably smaller than the 
wavelength, strong diffractive effects occur. Using “super-diffractive” fields in order to 
beat the limitations imposed by the diffraction itself is the key ingredient of near-field 
optics. It is recognized that such a counter-intuitive idea was already included in a 
letter the Irish scientist Edward H. Synge sent to Albert Einstein in 1928, as reported in 
[7]. Obvious technological limitations hampered the practical demonstration of the 
idea at that time; however, the topics remained alive, as demonstrated, e.g., by the 
theoretical work of Hans Bethe [8], further revised by Christoffel J. Bouwkamp [9], on 
the distribution of fields in close proximity to the aperture plane. In early ‘70s, sub-
diffraction spatial resolution was finally achieved thanks to near-fields, but in the 
microwave range, where a 1.5 mm-sized aperture could be used [10].

The improved spatial resolution offered by SNOM is inherently related to the non-
propagating or evanescent nature of the involved field. Intuitively, this can be 
understood by considering that diffraction leads the wave-vector to acquire non-
negligible components along the direction of the aperture plane. By reducing the 
aperture size, such components tend to prevail over those along the original 
propagation direction, that is, in other words, propagation tends to vanish. 

with n being the refractive index of the medium between the microscope objective and 
the imaged sample, sin q the angular acceptance of the objective, and NA its numerical 
aperture. In the visible range, even assuming an excellent numerical aperture for 
immersion objectives (NA ~ 1.5), the so-defined resolving power translates into d ~ 
200–300 nm, a value definitely too large to meet the requirements of present 
nanotechnology.

The quest for improving spatial resolution is relevant also in fields other than 
nanotechnology. For instance, many applications of optical microscopy in the 
biophysical area require the ability to observe intracellular and sub-cellular entities, 
typically sized well below the diffraction limit shown in Eq. (1). Furthermore, when 
conventional materials are investigated, sub-diffraction resolution can be of great 
relevance in order to get more accurate and detailed structural, conformational, and 
morphological information.

The problem of beating the diffraction limit has been tackled following a large variety 
of approaches, typically aiming at specific applications. The Nobel Prize in Chemistry, 
2014, awarded to E. Betzig, S.W. Hell and W.E. Moerner for the development of super-
resolved fluorescence microscopy [2] represents a vivid confirmation that suitable 
approaches can lead to a resolving power even approaching the single-molecule level. 
In particular, Stimulated Emission Depletion (STED) microscopy [3] involves the 
realization of smart light-matter interaction schemes that enables resolving emission 
from individual molecular chromophores. 

Nonetheless, all such approaches necessarily require imaging fluorescent species. 
Therefore, despite the usefulness they can have in biophysics, where tissues are 
customarily pre-treated with fluorescent chromophores through a sort of staining 
process, none of them satisfies the request of transferring to the nanoworld the largest 
possible set of conventional optical diagnostics.

On the other hand, since mid-80s, the introduction of Scanning Probe Microscopy 
(SPM), in particular Scanning Tunneling and Atomic Force Microscopy (STM [4], 
AFM [5]), paved the way for measuring a physical quantity at the local scale through 
the interaction of a surface with a material probe. Very many variants of SPM have 
been realized, showing sensitivity to a wide range of such physical quantities. One of 
them, the Scanning Near-field Optical Microscopy (SNOM), has been conceived to 
analyze the effects of light-matter interaction at the local scale. The distinctive 
property of this technique, whose first demonstration in the visible range is attributed, 
among others, to Eric Betzig [6], is the use of non-propagating electromagnetic fields, 
virtually unaffected by diffraction.

(1)
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sample to be effectively engaged by the near-field, the distance between the aperture 
and the sample surface must fall well within the near-field range. Both requirements 
are demanding from the technological point of view, which explains the late 
appearance of operational and practical SNOMs with respect to the original 
introduction of the idea.

Moreover, as already anticipated, the role of transparent apertures and opaque objects 
can be, in some sense, exchanged with each other, and the same applies to the emission 
or collection of near-field. All such possibilities rely, in general terms, on the so-called 
reciprocity, or Babinet’s principle [12]. Besides their conceptual relevance, they can 
be quite useful in practical realizations, offering a wealth of possibilities to operate a 
near-field microscope.

3. EXPERIMENTAL REALIZATIONS

The first and most important ingredient to realize a SNOM is the probe. Many 
possibilities are offered by the present technologies. Here we will consider only near-
field probes consisting of tapered optical fibers, i.e., fibers which have been heated and 
pulled at one hand in order to attain a conical shape [13]. The tapered end is usually 
coated with a thin metal layer, using a geometry that leaves uncoated a circular 
aperture at the very end of the taper. Therefore, when light is coupled to the optical 
fiber, it is guided down to the aperture, where the near-field is eventually produced 
(emission mode). Alternatively, the aperture can be coupled to the near-field at the 
sample surface and converted into a far-field, which is guided down to the end of the 
optical fiber (collection mode). 

It must be noted that in the conical portion of the fiber, where the core diameter gets 
smaller than the wavelength, light suffers from relevant back-reflection processes. 
They are responsible for the small typical throughput of this kind of near-field probes: 

-5 -7only a portion around 10 –10  of the power at the fiber entrance is converted into the 
near-field in fibers having a diameter a = 50 nm (nominal). Furthermore, the metal 
coating of the tapered end can absorb radiation, especially when light at short 
wavelength is used. In order to prevent the associated damages, the input power is 
normally limited to up a few mW. The power in the near-field does not exceed the range 
of nW, or few tens of nW, that makes the detection process highly challenging. We note 
that, as a side effect of such limitations, coherent light produced by laser sources is 
typically used in emission mode SNOMs. In fact, incoherent sources, e.g., lamps, can 
hardly be coupled with the fiber probe. This means that optical properties of the 
investigated materials are usually probed only at selected wavelengths.

Because of the short near-field range, constant gap operation must be ensured all 
during a SNOM scan. Measurement and control of the actual distance between the 
probe tip and the sample surface, to be kept typically below 10 nm, are technical 
problems whose solution represents the second main ingredient of a SNOM. 

A more accurate picture is based on the Fourier transform approach [11]. Neglecting 
the harmonic temporal dependence, the field E (x,y,z) of an arbitrary electromagnetic 
wave passing through an optical component with an arbitrary transmittance can be 
written as a superposition of plane waves:

where u and v, having the dimension of an inverse of length, are called spatial 
frequencies (along the x and y directions, respectively), and the integrals extend over 
the whole accessible spatial frequencies range. In Eq. (2), Ê(u,v) represents the Fourier 
transform of the transmittance for the considered optical component, duly normalized 
to account for the intensity of the impinging radiation.  

Since k  = 2πu and k  = 2πv, one gets: x y

 with l the wavelength of the radiation. The positive sign in Eq. (3) must be discarded.

It corresponds to a non-physical situation where the field amplitude increases 
exponentially with the distance. Assuming the optical component to be thin, non 
absorbing, and placed at z = 0, the transmitted field at z > 0 turns proportional to:

If the considered optical component is an aperture, or an opaque object, with a finite 
size a (here we assume a circular symmetry), Ê(u,v) tends to be zero for spatial 
frequencies u,v > 2π/a. That means the aperture or object behaves like a low-pass filter 
with a cut-off spatial frequency 2π/a. In case of a sub-wavelength aperture size,   a << 
l, the argument of the square root in Eq. (4) can get a negative sign, resulting in an 
exponential decrease of the electric field amplitude as a function of z. Such evanescent 
character is typical of the near-field, which is hence spatially confined in a region 
whose extension is ruled solely by the aperture size. On the other hand, the large value 
of the cut-off spatial frequency achieved if a << l means that the integrals in Eq. (2) 
span over a large range, much larger than for a conventional (large size) optical 
component such as a conventional objective. In a microscopy configuration, where an 
image is built from the superposition of Fourier components as in Eq. (2), this ensures 
that sub-wavelength details, otherwise smeared out, are recorded, providing with a 
spatial resolution not limited by diffraction effects.

It is clear that achieving near-field operation entails the illumination of transparent 
apertures with a size much smaller than the wavelength. Furthermore, in order for the 

(2)

(3)

(4)
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In the present paper, we focus on a specific application of SNOM entailing the 
investigation of optical activity in solid-state samples. Optical activity deals with the 
material response upon polarized light, either linear or circular, and involves either 
dichroism or birefringence (associated with light absorption or retardation, 
respectively).

The interest for such class of studies is, at least, two-fold. First of all, polarization 
analysis and control is a key point in many optics, photonics and optoelectronics 
applications (e.g., solid-state displays, optical communication, analytical and 
metrological instrumentation, data storage and processing in classical and quantum 
schemes). In order to keep the pace of miniaturization, the required optical 
functionalities are often searched in nanostructures that, in turn, call for the 
development of sensitive tools for mapping the optical activity at the local scale. 

Moreover, polarization is a “fragile” property of light, which can be easily degraded 
when radiation is sent through optical components, such as microscope objectives. In 
most materials, optical activity is often the result of a combined action of linear and 
circular dichroism, and birefringence. While well-established methods exist for 
reliable studies of samples in the liquid phase, e.g., dissolved in solutions, the 
measurement of genuine optical activity at the solid-state is highly challenging and not 
widely reported in the literature.

In most existing systems, the distance is indirectly measured through the so-called 
shear-force method [14]. Basically, the probe is put in oscillation along a direction 
parallel to the sample surface by an electrically controlled transducer (a piezoelectric 
layer). When the tip-to-sample distance decreases, shear-forces occur mostly due to 
the viscous interaction of the thin layers of air imprisoned in between tip and surface. 
They strongly damp the oscillation amplitude, which must be continuously monitored. 
To this aim, the probe is glued to one pronge of a quartz tuning-fork, of the kind 
employed in electronic clocks, which, thanks to the piezoelectric properties of silica 
and to the presence of suitably defined electrodes, provides with an alternate signal 
proportional to the oscillation amplitude. Normally, the system is forced to oscillate at 
a frequency close to its mechanical resonance (around 32 kHz) and heterodyne 
demodulation is used to extract the small signal of interest from the noise background. 
The so-retrieved signal is then sent to a feedback loop controlling the vertical 
displacement of the sample. The same signal is also continuously recorded during the 
scan, making it possible to reconstruct the surface topography as in any SPM.

Finally, the additional ingredients to realize a SNOM come directly from the 
technology of SPMs. They include, among other technicalities, a piezoelectric scanner 
digitally controlled to achieve horizontal and vertical displacements of the sample and 
a system to approach the probe towards the sample prior to the scan.

Many variants of SNOM have been developed in our laboratory over the years. An 
example of a configuration originally intended as a multi-purpose, versatile head is 
shown in Figure-1 [15]. It can be seen how different optical ports are implemented into 
the apparatus in order to cope with various experimental requirements. For instance, 
fluorescence emitted from the sample upon near-field excitation can be collected by a 
long working distance microscope objective, looking at the sample at 45 degrees off 
normal. Fluorescence measurements can be useful, for instance, to identify emitting 
sub-micrometer domains in fluorescent samples [16], an application not considered in 
the present paper. 

Most frequently, the used configuration mimics that of optical transmission analyses. 
In this case, a detector is placed below the (semi-transparent) sample following a large 
numerical aperture lens. Thanks to the use of miniaturized photomultipliers, hosted 
directly inside the hollow piezoelectric tube acting as the scanner, an excellent 
sensitivity can be attained.

4. POLARIZATION MODULATION

It is clear that SNOM enables transferring to the local scale virtually all optical 
measurements customarily carried with conventional instrumentation. Many 
examples can be found in the literature reporting, for instance, on absorption, 
scattering, fluorescence, and even Raman spectroscopy analyses produced with 
SNOMs operated in a variety of configurations. 

Figure-1: Sketch of a SNOM head [15].
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Along with topography, continuously recorded during the scan, demodulation leads to 
a multichannel analysis of the near-field optical signal, useful to extract the 
information of interest. Indeed, while an enhanced contrast can be easily achieved 
through PM, quantitative mapping of the investigated optical quantities requires great 
care for, at least, two main reasons. First of all, measurements are prone to spurious 
effects stemming from the near-field probe, which can be particularly relevant in the 
case of tapered optical fibers due to their intrinsic birefringence. Only selected probes, 
assessed by specific validation methods, can be reliably used [18]. Then, a specifically-
tailored model must be developed and used in order to interpret the experimental 
findings, to relate the near-field signals demodulated at different harmonics to the 
sample behavior.

The model depends on the particular experimental configurations and on the specific 
requirements of the investigation. Linear dichroism [19], birefringence [20], 
combined dichroism and isotropic absorption [21,22], and linear and circular 
dichroism [23,24] have been effectively and reliably analyzed by our PM-SNOM in 
different optically-active nanostructured materials.   

5. EXAMPLES OF RESULTS

A few examples of PM-SNOM measurements are briefly presented in the next 
subsections, with the main aim to elucidate the potential of the technique against 
specific scientific issues. The presented results deal with the analysis of polymer 
micro- and nano-fibers produced through electrospinning, and of molecular 
nanoaggregates anchored onto a glass substrate. 
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Polarization-Modulation (PM) represents a powerful tool for investigating all such 
properties. Moreover, it can be effectively implemented in aperture SNOMs operated 
in emission mode [17]. The approach foresees modulating the polarization state of the 
light used to investigate the sample, prior to coupling with the SNOM probe. The 
effects in the near-field resulting from such a modulation are difficult to predict 
analytically, due to the complicated details of the field spatial distribution [8,9]. 
However, when the near-field is made to interact with optically-active nanostructures, 
the method is experimentally demonstrated to be sensitive to dichroism and 
birefringence of the imaged nanostructures. 

PM opens the way to extract relevant and selected information on the optical activity 
by using properly conceived demodulation approaches. Typically, lock-in amplifiers 
referenced to the PM frequency and phase are used to this aim. 

A typical experimental setup is shown in Figure-2, where a photoelastic modulator 
(Hinds Instruments PEM 100) is used to obtain PM. Compared to other devices, based, 
e.g., on mechanical rotators and electro-optics mechanisms, which can be used for 
modulating the polarization state of the laser radiation as well, prior to coupling with 
the probe [18,19], the PEM allows for a seamless integration with the SNOM, thanks to 
its efficiency and ease of alignment. 

The PEM can be regarded as a waveplate whose retardation is sinusoidally modulated 
from 0 (null retardation) up to a user-selectable maximum value. Modulation 
frequency is fixed at f = 50 kHz (for the used device). Assuming a maximum 
retardation of π/2 (quarter waveplate) and considering a configuration where the PEM 
optical axes are at 45 degrees with respect to a linear polarization at its input, 
polarization at the PEM output is illustrated in Figure-3, showing a continuously 
changing elliptical polarization is produced, which includes, at specific times, linear 
and circular polarization states. 

Figure-2: An example of setup for PM-SNOM in emission mode.

Figure-3: Illustration of the polarization state for the light at the PEM output [24]. The 
device is assumed to be set at a maximum retardation π/2 and with its optical axes at 45 

degrees with respect to the linear polarization at its input. Different plots refer to the 
different times, measured in units of the modulation period T = 1/f.
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In both instances, samples are made of soft (organic) matter: quite obviously, PM-
SNOM can be successfully applied also to inorganics (see, e.g., [25,26,27,28]), but the 
nature of individual nanostructures, typical of our investigated samples, and the 
brittleness, typical of soft matter, can make the application of conventional structural 
diagnostics cumbersome. Therefore, indirect information on the material structure 
and conformation can be conveniently derived from PM-SNOM analysis, a non-
obtrusive technique requiring no sample preparation or pre-treatment.

5.1 Electrospun Fibers

Fiber-shaped materials, naturally occurring in many biological systems, are the 
building blocks for devices of interest in a variety of fields. In particular, also thanks to 
their low cost and ease of fabrication, fibers consisting of conjugated polymers are 
gaining strong momentum for applications in sensors, functional textiles, structural 
materials, photovoltaics, photonics, optoelectonics, communication [29]. 

Electrospinning [30] is an emerging fabrication technique that enables producing 
micro- and nano-sized polymer fibers in a very effective method, able to ensure low-
cost and large-scale production. The technique is based on the strong acceleration 
imparted by an electrostatic field to a polymer solution injected into air through a 
syringe. Complex hydrodynamic effects occur in the material right at the end of the 
syringe, involving the formation of a Taylor cone, where radial and longitudinal forces 
come into play. 

We have analyzed [21,22] fibers consisting of poly [2-methoxy-5-(2-ethylhexyl-oxy)-
1,4-phenylene-vinylene] (MEH-PPV), a conjugated polymer featuring absorption and 
emission in the visible range, which is used in diverse optoelectronics devices. PM-
SNOM was used to unravel a specific aspect of the fiber growth. In fact, it was 
hypothesized that electrospun nano-fibers feature a rigid core, consisting of aligned 
polymer macromolecules, surrounded by a region with disordered, or radially 
oriented, macromolecules. The alignment process occurs because of the competition 
between different forces [21] that can be in large part controlled by acting on the 
fabrication parameters (pressure gradients, solution composition, electrostatic field 
strength, etc.). Since the fiber conformation affects the mechanical and optical 
properties measured at the macro-scale, the fiber behavior can be tailored by playing 
with those parameters.

Analyzing the micro-structure of MEH-PPV fibers through conventional methods is 
certainly cumbersome and, to the best of our knowledge, relevant information is not 
available in the literature. PM-SNOM can measure genuine optical properties, and a 
link can be found between optical activity at the local scale and fiber conformation. In 
fact, linear dichroism originates from anisotropic, quasi 1-D, geometries [19] because 
of the sub-wavelength size along one direction, leading to a confinement of the 
electron wavefunction and consequent negligible absorption of light polarized along 
such a direction.
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Therefore, the idea behind the analysis is that, by mapping the linear dichroism, 
information on the conformation, hence on the structure of fibers produced with 
different fabrication parameters can be found. To this aim, PM-SNOM has been used in 
the configuration sketched in Figure-4. Laser radiation at 473 nm, a wavelength 
absorbed by MEH-PPV, is used. The PEM is followed by a quarter waveplate, whose 
role is to obtain a linear polarization with a periodically changing direction. Since the 
same polarization state is attained twice in a modulation period (see Figure-3), 
demodulation is accomplished at the second harmonics, producing a signal hereafter 
denoted as AC.

Remarkably, a second optical channel is produced by amplitude modulation of the 
laser beam and corresponding demodulation of the near-field optical signal. The 
amplitude modulation is performed by a mechanical chopper, operated at a frequency 
f ’ ~ 0.5 kHz << ƒ. In this way, the obtained signal, hereafter denoted as DC, is time-
averaged over all polarization states, hence it is representative of the isotropic optical 
absorption of the material.

Figure-5 shows examples of topography maps in scans where individual fibers, 
deposited on glass substrates, are identified. The typical shape of the imaged objects is 
ribbon-like with the width being larger than the height. This is in agreement with the 
expectations and also with the morphological analysis carried out under other 
methods [21].
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Figure-4: Pictorial representation of the setup used for analyzing polymer fibers [23]
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The set of information provided by the multichannel PM-SNOM can be combined in 
order to extract physical quantities at the local scale [21,22]. In particular, the 
isotropic optical absorption a , in normalized units, can be derived from the DC map rel

and the material thickness obtained from the topography map, assuming linear 
absorption conditions. The linear dichroism coefficient g , defined as:rel

with a  and a  absorption coefficients along two mutually orthogonal directions in par ort

the scan plane, can be derived as well starting from the AC map. To this aim, a 
numerical model of the experiment, based on the Jones’ matrix formalism, has been 
used [22]. The model, not described in details here, allows us to obtain a kind of 
calibration curve, linking the value of the locally recorded AC signal, normalized by 
the corresponding DC signal, to the linear dichroism, i.e., to the differential absorption 
of light polarized along the directions parallel and orthogonal to the fiber axis. 

Figure-6 contains an example of the results [21,22] showing a topography map with an 
individual polymer fiber (a) compared to the maps of a  (b) and g  (c), derived from the rel rel

multichannel simultaneous acquisition.

The Figure clearly demonstrates that isotropic optical absorption is larger in the fiber 
core, suggesting a densification of the material in agreement with the hypothesized 
conformational model. The most striking result is, however, that the linear dichroic 
coefficient gets a larger absolute value, negative with respect to the average level of the 
map where no optical activity is expected in the fiber core.  Figure-7, showing cross-
sections of the maps extracted along the dashed segments, provides further evidence of 
the statement above. 

According to our definition of g ,  in Eq. (5), the negative value recorded close to the rel

core means that optical absorption is stronger for a field directed along the fiber axis. 
This substantially confirms the hypothesized model. Furthermore, a change in sign is 
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observed by moving towards the periphery of the fiber, suggesting that the core, 
consisting of aligned macromolecules, is surrounded by a network of radially-oriented 
macromolecules. We emphasize that such conclusions could not be drawn by using 
other, more conventional, diagnostic methods, which definitely pinpoints the 
usefulness of PM-SNOM within the considered topic.

5.2 Porphyrin Nanoaggregates

Another vivid example to elucidate the potential of PM-SNOM is the analysis of 
molecular nanoaggregates of tris-(4-sulphonatophenyl)phenyl-porphyrin (TPPS3) 
anchored onto glass substrates [23,24]. Here, too, a precise evaluation pertaining to 
structural issues can be outlined, as follows.
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Figure-6: Comparison between maps representative of topography (a), and the 
comparison of the optical quantities a  (b), and g  (c) defined in the text [21,22]. Map rel rel

(c) clearly shows that linear dichroism is enhanced at the fiber core, suggesting its 
negative value that the core consists of mutually aligned polymer macromolecules.  

(5)

Figure-5: Examples of topography maps acquired during scans of a glass substrate with 
a deposition of MEH-PPV electrospun fibers.

Figure-7: Cross-section analysis of the maps shown in Figure-6 [21,22]. The dashed line 
represents the line profile of the topography, the continuous lines (in red) the line 

profiles of the optical coefficients derived from the PM-SNOM analysis. Cross-section is 
made along the dashed segments in Figure-6. 



Porphyrins belong to a class of organic molecules found in many biological systems 
(e.g., in chlorophyll and hemoglobin). By itself, the molecular structure is achiral, in 
the sense that it is invariant upon specular reflection. On the contrary, supra-
molecular porphyrin aggregates in solution are often found to have marked chiral 
properties. The relevant hypothesis is that chirality stems from the mutual 
arrangement of molecules, densely packed in supra-molecular aggregates (denoted as 
J-aggregates, featuring red-shifted emission bands compared to the pure molecule). 
The weak electrostatic forces responsible for arrangement, joined to the specific 
electron charge distribution in the porphiryn molecules, is thought to lead to zig-zag 
structures, evolving into nano-helices during the further progress of the aggregation. 

From the optical point of view, chirality is inherently associated with a specific kind of 
optical activity, the circular dichroism, which entails differential optical absorption of 
left- and right-handed circularly polarized light [31]. Chirality is also one of the most 
intriguing properties in natural aggregates. For instance, many naturally occurring 
molecular building blocks of biological entities (sugar, amino-acids, enzyms, DNA) 
exhibit homochirality in the liquid phase, and its origin is still a matter of large debates. 

On the other hand, the realization of chiral, i.e., circularly dichroic, artificial 
nanostructures is stimulating great interest for advanced applications, for instance in 
polarization-controlled single photon emitters for quantum communication purposes. 
In this case, solid-state systems are obviously required [32].

In the liquid phase, reliable and sensitive optical diagnostics exists to analyze chirality 
based on the circular dichroic (CD) behavior. As a matter of fact, CD spectroscopy is 
routinely employed for studying solutions of supra-molecular aggregates. Indeed, also 
the aggregates studied by us show remarkable CD when in solution [23]. 
Unfortunately, however, no equivalent method is available for investigations at the 
solid-state, especially when nanostructures are involved. Several reasons can be found 
for that, as listed below:

i) Optical thickness is typically much larger in the liquid- than in the solid-state, 
thanks to the possibility of increasing the molar concentration of the solution. This 
leads to lack of sensitivity when thin nanostructures are considered.

ii) There is a complex interplay between CD and linear dichroism (LD), typically, both 
effects occur together and, while in a solution LD effects are averaged to zero 
because of the random orientation of the liquid sample, solid-state analysis must 
be able to disentangle distinct contributions to the optical activity.

iii) The already mentioned “fragile” nature of polarization makes it cumbersome to 
operate with conventional microscopes, since its objectives can easily mix 
different polarization directions, hampering the true evaluation of genuine 
dichroic properties.

In our experiment, we have analyzed TPPS3 nanostructures produced from the liquid 
phase anchored onto silanized glass substrates [23,24]. The PM-SNOM setup realized 
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for this investigation is schematically shown in Figure-8 as a variant with respect to the 
setup reported in Figure-4. Here, no optical component is placed in between the PEM 
output and the entrance of the near-field optical fiber probe. Furthermore, the near-
field signal is simultaneously demodulated at the first and the second harmonics with 
respect to PM (demodulation with respect to the slow amplitude modulation of the 
laser intensity is implemented as well, but not shown in the figure for the sake of 
clarity). Such modifications are needed in order to enable simultaneous analysis of LD 
and CD in the same individual nanostructures.

Figure-9 shows an example of a small size scan where a single, individual 
nanostructure is imaged (another nanostructure is visible in the upper-left corner of 
the scan) [24]. The topography [panel (a)] clearly demonstrates that the produced 
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Figure-8: Pictorial representation of the setup used for analyzing porphyrin 
nanoaggregates [23,24].

Figure-9: Example of a small size scan showing a single, individual TPPS3 
nanostructure anchored onto a glass substrate [24]. Panel (a) shows the topography, 
panel (b) the DC signal, that is the polarization-averaged optical transmission, and 

panel (c) the cross-section of the two maps along the dashed segment.
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exhibit homochirality in the liquid phase, and its origin is still a matter of large debates. 

On the other hand, the realization of chiral, i.e., circularly dichroic, artificial 
nanostructures is stimulating great interest for advanced applications, for instance in 
polarization-controlled single photon emitters for quantum communication purposes. 
In this case, solid-state systems are obviously required [32].
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based on the circular dichroic (CD) behavior. As a matter of fact, CD spectroscopy is 
routinely employed for studying solutions of supra-molecular aggregates. Indeed, also 
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iii) The already mentioned “fragile” nature of polarization makes it cumbersome to 
operate with conventional microscopes, since its objectives can easily mix 
different polarization directions, hampering the true evaluation of genuine 
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In our experiment, we have analyzed TPPS3 nanostructures produced from the liquid 
phase anchored onto silanized glass substrates [23,24]. The PM-SNOM setup realized 

46

for this investigation is schematically shown in Figure-8 as a variant with respect to the 
setup reported in Figure-4. Here, no optical component is placed in between the PEM 
output and the entrance of the near-field optical fiber probe. Furthermore, the near-
field signal is simultaneously demodulated at the first and the second harmonics with 
respect to PM (demodulation with respect to the slow amplitude modulation of the 
laser intensity is implemented as well, but not shown in the figure for the sake of 
clarity). Such modifications are needed in order to enable simultaneous analysis of LD 
and CD in the same individual nanostructures.

Figure-9 shows an example of a small size scan where a single, individual 
nanostructure is imaged (another nanostructure is visible in the upper-left corner of 
the scan) [24]. The topography [panel (a)] clearly demonstrates that the produced 
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Figure-8: Pictorial representation of the setup used for analyzing porphyrin 
nanoaggregates [23,24].

Figure-9: Example of a small size scan showing a single, individual TPPS3 
nanostructure anchored onto a glass substrate [24]. Panel (a) shows the topography, 
panel (b) the DC signal, that is the polarization-averaged optical transmission, and 

panel (c) the cross-section of the two maps along the dashed segment.



nanoaggregates are ribbon-shaped, which is in agreement with the picture of nano-
helices anchored onto the substrate [24]. The map of the DC signal, i.e., the time 
averaged signal over all polarization states, hence equivalent to an optical 
transmission map, shows that radiation is effectively absorbed by the material. In fact, 
the used laser wavelength (473 nm) falls within the J-band of the molecular aggregates; 
measurements carried out at 532 nm [23] indicate negligible absorption, as expected. 
The typical transverse size of the imaged nanostructures, as in the cross-sections of 
panel (c), is in the range of a few hundreds of nanometers, requiring sub-diffraction 
spatial resolution for a reliable and detailed analysis.

Figure-10 shows a comparison between maps representative of the topography (a), 
and of the near-field optical signal demodulated at the first (b), and the second (c) 
harmonics with respect to PM [23]. In the scan, several ribbon-like nanostructures can 
be identified, randomly oriented in the scan plane. Panel (b) demonstrates that 
demodulation at the first harmonics leads to a signal pertaining to the nanostructures, 
which is consistently larger than the average level of the map where no nanostructure, 
hence no optical activity is present. On the other hand, demodulation at the second 
harmonics produces signals either larger or smaller than the average value, as clearly 
seen in panel (c), where several nanostructures appear dark (in the used palette of false 
colors).

A comprehensive model based on the Mueller’s matrix formalism [24] demonstrates 
that, in the actual conditions of the experiment, first and second harmonics Fourier 
coefficients of the near-field optical signal are associated with CD and LD, 
respectively. Moreover, the model indicates how the second harmonics demodulation 
is affected by the orientation of the nanostructures in the scan plane, as observed in the 
experiment, and that this occurs only for near-field probes possessing negligible 
birefringence, hence suitable for the analysis. 

While, on one hand, the results confirm the potential of PM-SNOM in catching and 
disentangling LD and CD in molecular nanoaggregates at the solid-state, a task not 
reported in the literature, to the best of our knowledge; on the other hand, they allow us 
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to indirectly assess the structural hypothesis mentioned above. As a matter of fact, CD 
turns to be an intrinsic property of the aggregates, related to their molecular 
arrangement in nano-helices. PM-SNOM analysis further reveals that ribbon-shaped 
nanostructures own distinctive LD properties, which, due to the observed dependence 
on the orientation, must be ascribed to the anisotropic morphology of the 
nanostructures. 

6. CONCLUSIONS

The recent achievements of nanotechnologies, along with the need for detailed and 
spatially resolved optical investigations, call for development of methods aimed at 
beating the limitations imposed by optical diffraction. Among other methods, near-
field optical microscopy allows the user to transfer into the nanoscale virtually all 
optical investigation methods developed over the years in conventional (far-field) 
optics.

The discussed examples related to the analysis of the optical activity at the nanoscale 
through polarization-modulation methods, well demonstrate the capabilities of PM-
SNOM. In particular, our technique succeeds in obtaining reliable and genuine 
information on the optical properties of nanostructured samples, which can be related 
to conformational and structural features through the application of suitable models. 

Obviously, interpretation of the results and validation of the physical conclusions 
depend on the application of specifically-tailored models, which is, however, a rather 
straightforward task thanks to the conceptually simple and well controlled operation 
of the PM-SNOM. Therefore, near-fields represent a viable approach for transferring 
optical investigation into the nanoscale and gaining a detailed insight on 
nanostructures.
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ABSTRACT

When short wavelength extreme ultra-violet (EUV) and x-ray laser radiation is focused 
onto solid targets, narrow deep features are ablated and a dense, low temperature plasma 
is formed. We examine some of effects in a radiation dominated plasma formed by 46.9 
nm laser radiation focused onto solids and show that ionization can be significantly 
modified by electron degeneracy effects. Some experimental and theoretical 
considerations for investigating the interaction of capillary discharge lasers operating at 
46.9 nm with solid targets are presented.  

1. INTRODUCTION 

Capillary discharge lasers were developed over twenty years ago [1,2 ] and are now 
available commercially.  They operate at a wavelength of 46.9 nm, with typically 1.5 ns 
pulse duration, energy per pulse up to 1 mJ and repetition rates up to 10 Hz.  In this 
paper, we consider the use of capillary discharge lasers for the creation of plasma from 
solid and gas target. Capillary discharge lasers offer the potential of laboratory EUV 
laser interactions without the necessity to use large free electron laser facilities [3]. 

Extreme ultra-violet (EUV) lasers can be used to generate strongly coupled plasmas 
and ‘warm dense’ matter.  Targets irradiated by EUV lasers are heated predominantly 
by direct photoionization. With photoionization as a dominant heating mechanism, 
lower temperature and higher particle density plasmas are produced. With all laser-
produced plasmas, an expanding plume of plasma only allows absorption where the 

21 2 -2 −3electron density drops below a critical value (≃10 /l  mm cm , where l is the laser 
wavelength in units of microns). By reducing the wavelength into the EUV, the critical 
electron density is greater than solid electron densities and the laser photon energy E  p

becomes sufficient to directly photo-ionize elemental components (ionization energy 
E ), transferring energy (E  − E ) to the ejected electron.  As the critical electron density i p i

is higher than the solid density, the laser is able to penetrate any expanding plasma 
plume without collective effects associated with a critical density and heat solid 
material directly throughout the duration of a laser pulse. 
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focusing and collection optics to measure the transmission of the laser through thin 
targets of parylene or alumimium (Figure-4). Using spherical multilayer mirrors 
collecting the full laser beam profile enabled higher irradiances on-target than was 
possible using Fresnel zone-plate focusing optics. For more details of this experiments, 
see the paper by Aslanyan, et al [7]. Wave optic simulations of the focused laser beam 
profile including aberation effects due to a 4.7 degree tilt on the focusing (M1) and 
collection (M2) mirrors agreed with microscope images of the damaged targets (see 
Figure-4). However, the transmission of the laser through the target was best modelled 
using our fluid code calculations of the shape of the ablated laser hole to evaluate the 
transmitted image including diffraction.  Any cold target material is highly opaque to 
the EUV lasers, so the transmitted image is simply a sum of the diffracted images once 
ablation through the target thickness has occurred at some place. A sample 
transmission image and the simulation of this is shown in Figure-5.  The agreement of 
the experimental and simulated images in this figure is better than if diffraction is 
assumed to occur through the post-shot hole produced by EUV laser irradiation 
confirming that additional post-shot damage to the target occurs due to shock waves 
and other effects. 

Experiments where a capillary discharge laser is focused onto solid parylene targets 
have been undertaken and simulated using a 2D fluid code [6].  The agreement 
between experiment and the simulations in the depth of material ablated in a single 
shot is good for experiments undertaken with a 1.3 ns duration capillary discharge 
laser focused to different fluence values using a fraction of the laser beam profile by a 
Fresnel zone plate (Figure-3).  The depth of the ablated craters was measured post-shot 
using an electron microscope. 

10 -2At irradiances higher than Figure-3 (i.e., > 10  Wcm ), we found that shock wave or 
other effects cause additional target damage after the shot.  An experiment utilising the 
full energy of the capillary laser was undertaken with spherical multi-layer mirror 

Figure-2: The contribution to the absorption coefficient due to (a) photo-ionization and 
(b) inverse bremsstrahlung for solid density carbon irradiated by photons at irradiance 

14 -210  Wcm  and photon energy 26.5 eV at times indicated.  The absorption coefficients 
are normalised to the photo-ionization coefficient for neutral carbon. 

Figure-3: Comparison between experimental ablated depth measurements (squares) 
and simulations (solid line) as a function of EUV laser fluence on target.  The 

dashed line indicate the resolution of the Eulerian mesh used in the simulations.  

Figure-4: A schematic outline of an experiment to heat and measure the transmission 
of thin targets irradiated by EUV laser radiation.  The focused laser beams are 

aberrated due to the tilt of the spherical multilayer mirrors.  The lower images show 
images of  the targets after irradiation with superimposed a simulation of the laser 

9 -2intensity profile.  The 10  Wcm  contour of irradiation is shown to correspond to the 
extent of ablation through the target materials and thicknesses (as labelled).  
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temperatures T < 1 eV, it can be readily verified from Figure-6 that positive reduced 
chemical potentials and hence significant degeneracy effects will occur.  

Calculations show that electron degeneracy significantly reduces collisional rate 
coefficients for excitation and ionization process due to the reduction of possible free 
electron quantum states for the colliding electrons [7].  These reductions can modify 
the ionization and heat capacity of plasma as shown by Aslanyan and Tallents [9].  
Steady state calculations of the degree of ionization of solid density carbon show that 

14 -2in the presence of a significant irradiance (>10  Wcm ) of EUV radiation, the degree 
of ionization is different assuming a Maxwellian distribution of electrons and 
assuming a Fermi-Dirac distribution (Figure-7).  At high irradiance, photo-ionization 
is in balance with three-body recombination.  Due to the two free electrons involved in 
three-body recombination, the rate of this process is much more affected by 
degeneracy effects than photo-ionization and so the steady state ionization balance is 
changed due to the degeneracy effects.  

6. CONCLUSIONS

We have shown that when short wavelength extreme ultra-violet (EUV) capillary 
discharge laser radiation is focused onto solid targets, deep features are ablated. A 
dense, low temperature plasma is formed.  We have examined the radiation dominated 
plasma formed by 46.9 nm laser radiation focused onto solids and have shown that 
ionization can be significantly modified by electron degeneracy effects.  The regimes 
where electron degeneracy effects are important have been quantified and sample 
simulation presented showing the effects of free electron degeneracy on plasma 
ionization under conditions found in solid-density plasmas irradiated by EUV lasers.  

5. DEGENERACY EFFECTS

Due to the penetration of EUV radiation into solid density material during EUV laser 
interaction with a solid target, plasma at modest temperatures (< 10eV) and solid 
density is produced.  With only a small amount of ionization, the free electrons can be 
affected by degeneracy effects.  A measure of the degree of free electron degeneracy is 
given by the reduced chemical potential h= µ/kT, where µ is the chemical potential and 
kT is the electron temperature [8]. The relationship between the plasma density r, 

*degree of ionization Z . and the atomic mass M of the target to the reduced chemical 
potential h is shown in Figure-6. Negative chemical potential corresponds to 
conditions where degeneracy effects are unimportant and there is a linear relationship 

-3of the vertical axis on Figure-6 to the chemical potential. For densities r~1 gcm  and 

Figure-5: A measured profile of the EUV laser  (left) and a simulated profile 
(right) for a a parylene target of thickness 1028 nm.  

Figure-6: The relationship between plasma density r, electron temperature T , degree e
*of ionization Z , and atomic mass M to the free electron reduced chemical potential h.   

*Figure-7: The steady state ionization Z  of a carbon plasma at solid density 
irradiated by EUV photons of energy 50 eV at the indicated irradiance as a 

function of electron temperature.  The free electron distribution is assumed to be 
Fermi-Dirac (solid curves) or Maxwellian (broken curves).   
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ABSTRACT
 

The quest for renewable energy requires us to understand, predict, and ultimately control 
matter and energy at the electronic, atomic, and molecular levels. The ever-increasing 
demand to diversify the energy portfolio and to minimize environmental impact while 
supplying global energy needs, has intensified the urgency for developing alternative 
energy sources and carriers. Significant research efforts are under way and will continue 
in a broad range of materials synthesis, use-inspired and fundamental science with the 
use of light sources such as synchrotron and free electron lasers. Energy-related 
materials research faces urgent challenges today. We need to go beyond the Edisonian hit 
and trial approach to more systematic research with the use of advanced tools applicable 
under realistic in-situ and in-operando conditions capable of exploring electronic and 
atomic structure of catalysts and energy relevant materials. Through various scientific 
examples, I will explain the current state-of-the art and future directions in the 
aforementioned areas of research.

“New directions in science are launched by new tools much more often 
than by new concepts. The effect of a concept-driven revolution is to 
explain old things in new ways. The effect of a tool-driven revolution is to 
discover new things that have to be explained”

–“Imagined Worlds”, Freeman Dyson
 

1. ACCELERATOR BASED LIGHT SOURCES: SYNCHROTRON RADIATION 
AND FREE-ELECTRON LASERS

Sharper and sharper experimental tools are often crucial for the understanding of 
novel physical phenomena and for making new discoveries. One of the most critical 
components of experimental tools is availability of bright source of light that is tunable 
and range in energies from infrared to soft x-rays to hard x-rays. Over the last five 
decades we have seen revolutionary growth in the availability of light sources based on 
electron accelerators, which have already gone through four generations of 
revolutionary new developments (See for example Synchrotron Radiation: 
Techniques and Applications [1]). 
 
Synchrotron radiation is emitted by electrons that are accelerated to nearly the speed 
of light through bending magnets around a storage ring with a circumference ranging 



60 61

grand challenges to identify our ability to control matter and energy. The outcome was 
presented in a report titled, “Directing Matter and Energy: Five Challenges for Science 
and the Imagination” (Figure-4), which raised the following questions:

• How do we control materials and processes at the level of electrons?
• How do we design and perfect synthesis of revolutionary new forms of matter with 

tailored properties ?
• How do remarkable properties of matter emerge from complex correlations of 

atomic and electronic constituents and how can we control these properties?
• How can we master energy and information on the nanoscale to create new 

technologies with capabilities rivaling those of living systems?
• How do we characterize and control matter away - especially very far away - from 

equilibrium?

from few hundred meters to a kilometer. This synchrotron “light,” which may be a 
million times more intense than that produced by x-ray tubes, covers the spectrum 
from infrared to ultraviolet and from soft (long-wavelength) x-rays to hard (short-
wavelength) x-rays. With the use of special multipole magnetic devices known as 
wigglers and undulators, the brightness of the emitted radiation can be increased to 
achieve high resolving power for spectroscopy/spectrometry, high spatial resolution 
for microscopy/spectromicroscopy/microtomography, and high coherence for 
diffraction/ scattering. Figure-1 shows a comparison between synchrotron radiation 
(SR) brightness and computer speed indicating that accelerator based light sources 
have even steeper slope of growth as compared to remarkable increase in computer 
power.

The radiation emitted by a synchrotron storage ring (Figure-2) scales with the number 
2of electrons (n) per bunch for a bending magnet, nN for a wiggler, and nN  for an 

undulator (N is the number of magnetic poles in the wiggler or undulator). Recent 
developments in linear accelerator technology using free-electron lasers (Figure-3) 
have decreased the size of the electron bunches enough to emit coherent radiation in 

2 2the soft to hard x-ray range with intensities that scale as n N , increasing brightness by 
over ten orders of magnitude and timing resolution by five orders of magnitude.
 

2. GRAND CHALLENGES FOR SCIENCE

The US Department of Energy’s Office of Science regularly invite panels of scientific 
experts to put together scientific needs reports. One of these was related with scientific 

Figure-2: A survey of beamlines that have performed energy-related research at the 
Advanced Light Source (ALS). Electrons in synchrotron radiation sources are stored 
in storage ring (about the size of cricket ground including experimental beamlines) 

enabling around 50 different kinds of experiments carried out simultaneously.

Figure-3: A schematic of next-generation of light source consisting of an array of free-
electron lasers (FELs), each optimized for specific scientific needs. Note that FEL needs 

linear acceleration for electrons to keep high enough brightness to lase x-rays.

Figure-1: Comparison of Brightness of Acceleration Based Light Sources
with Computer Speed
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Today our technology (Si technology) is based on manipulating the charge dynamics in 
semiconducting Si (band gap = 1.1 eV) through doping and field effects, but the 
growing demands for performance (faster CPU, more storage, more memory … etc.) 
will soon surpass what Si can offer. Going beyond using the single element and one 
electronic degree to store and transfer information is inevitable. 

We have good examples that show that by combining multiple electronic degrees of 
freedom, new properties can emerge from their complex interactions. In the case of 
topological insulators (TI) where its unique surface state protected by the topology can 
be used in quantum computing, the physics of TI involves the interactions between 
charge, orbital and spin degrees of freedom (TI phase emerges because of the strong 
spin-orbit interaction). 

Another example is high temperature superconductivity, whose pairing mechanism is 
likely related to the couplings to bosonic modes from lattice (phonon) and spin 
(antiferromagnetic fluctuations) channels. Since its discovery about 30 years ago, we 
have still not solved the exact mechanism of superconductivity in high T  because it is c

masked by numerous other properties arising from the interacting degrees of freedom. 
For its understanding and control, we need to address the following questions: First, 
what are the underlying mechanisms that lead to these emergent phenomena? And 
secondly (more important grand challenge), can the quantum phases of matter be 
manipulated or controlled, thereby guiding the “emergence” of these phenomena?

3.2 Multiplexing and techniques-of-choice

To answer these questions, we need to apply multimodal characterization tools to 
measure the electronic correlations at different lengths (~nm), energy (low energy 
excitations ~ kT) and the relevant time scales (down to ~fs).  It is clear that we need to 
go beyond single measurement capabilities and apply the cycle of discovery through a 
multimodal approach involving materials synthesis, characterization and 
computational/theoretical analysis.  There are several facilities in the world that are 
materializing some sort of multimodal concept. In the following sub-sections, I will 
focus on two techniques that are most applicable for studying electronic structure and 
collective mode excitations in quantum materials for unraveling the emergent 
phenomena and investigating new phases of matter. 

3.2.1 Angle-Resolved Photoemission Spectroscopy (ARPES)
 

Angle-Resolved Photoemission Spectroscopy (ARPES) measures band structure or 
single particle spectral function (A(k,w), where k is wave vector and w is frequency or 
energy of the electron) with high-energy resolution through interactions of vacuum 
ultraviolet or soft x-ray photons (generally from a laser or synchrotron radiation 
source) and measuring energies of emitted electrons by using an electron energy 
analyzer (Figure-6). By measuring the kinetic energies and knowing the photon energy 
allow us to measure the binding energy using Einstein energy conservation.  

Today, these grand challenges, identified about 10 years ago, are still the most active 
areas of research. However, during the last decade, we have seen significant advances 
that relate to instrumentation, materials synthesis and computation coupled with 
development of higher brightness and fully coherent light sources. All of these 
capabilities have positioned us to be able to tackle these problems down to the 
quantum level of electrons. 

3. EMERGENT PHENOMENA IN QUANTUM MATERIALS

3.1 Interacting Degrees of Freedom

In quantum materials, the interactions between various electronic degrees of freedom 
can often lead to novel quantum phenomena and new phases of matter that can have 
great potential for real-world applications (Figure-5). 

Figure-5: Interacting Degrees of Freedom Leads to New Phases of Matter.

Figure-4: A Growing Tree of Grand Challenges
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Figure-5: Interacting Degrees of Freedom Leads to New Phases of Matter.

Figure-4: A Growing Tree of Grand Challenges
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achieve high energy resolution with high throughput (measurement of upto 300 
spectra simultaneously with a resolution of ~ 30 meV). It is worthwhile to point out 
that the proposed concept of QERLIN has a similarity to the transformational progress 
made by ARPES during the last couple of decades whereby instead of measuring a 
single ARPES EDC to an angle mode where the spectra can be collected over a wide 
angular range by the electron spectrometer to cover a large segment of the Brillouin. 

This will make far more efficient use of synchrotron X-rays and advance the state of the 
art in energy resolution to an essential scale for resolving meaningful many-body 
physics. The multiplexed beamline design at QERLIN will make it far easier to apply 
RIXS to a wide range of material systems that are currently at the outer perimeter of 
what can be studied within the time frame of a single experiment, including most 
metals, three dimensional materials, thin films and heterostructures. It is widely 
accepted that the path to room temperature superconductivity may involve 
engineering of the interfaces and hetrostructures. The technique of choice for 
understanding and ultimately control of electronic styructure would require 
measuring momentum-resolved low energy excitations with the use of ARPES (time, 

Momentum of the electron is determined by detecting the electron as a function of 
detection angle [2].

3.2.2 Resonant Inelastic X-ray Scattering (RIXS) and future developments

The experimental technique of resonant inelastic X-ray scattering (RIXS) addresses a 
critical gap in current research capabilities to observe and interact with nanoscale to 
mesoscale quantum states and measure low energy coupled excitations. Resonant 
Inelastic X-ray Scattering (RIXS) measures collective modes as two particle response 
function (S (q, w), where q is momentum transfer and w is energy loss or collective 
mode energy). RIXS has the following characteristics:

• A photon-in/photon-out spectroscopy (Figure-7);
• Measures the dispersions of elementary excitations (w vs. q); 
• Resonance effect offers the elemental, chemical and bonding sensitivity; bulk 

probe; 
• Probes various elementary excitations with characteristic energies ranging from 

~ meV up to ~eV (large energy transfer with good energy resolution).

The technique has undergone rapid progress over the last decade, but continues to be 
greatly handicapped by severe compromises between photon flux and experimental 
energy resolution. The Q-resolved high-resolution beamline (QERLIN) is under 
construction (partly funded by Betty and Gordon Moore Foundation) at the ALS as the 
first fully multiplexing RIXS beamline (Figure-8), and will utilize a wide band pass of 
well-defined dispersed beam in conjunction with multiple imaging spectrographs to 

Figure-6: Schematic illustrating Photoemission Spectroscopy.

Figure-7: RIXS Process and Various Excitations Spanning Energy Range
from ~ 10 meV to eV Range [3]

Figure-8: Optical Layout of Multiplexing Technique.
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an electrolytic membrane allows the protons to travel from the cell’s anode to its 
cathode, while forcing the electrons through an external circuit, creating an electric 
current.

Fuel cells that employ solid oxide membranes typically require high operating 
temperatures (above 650 °C), limiting material choices. Yttria stabilized zirconia 
(YSZ) membranes and cerium oxide (ceria) electrodes have received significant 
attention due to properties that can, in theory, expand the electrochemically active 
region. However, there is little direct knowledge of local over-potential and length 
scales of the electrochemically active regions of such materials in operational solid-
state fuel cells. Measuring the over-potentials is quite challenging due to the high 
temperatures and the need to connect the components in series. The use of an ambient-
pressure X-ray photoelectron spectroscopy (APXPS) instrument allowed, for the first 
time, direct, in-situ study of an operating solid-state fuel cell to determine the over-
potential across each component interface as well as its chemical composition (Figure-
10). Such measurements will allow further optimizing and tailoring of the 
performance of solid-state fuel cells, which we can apply to battery research [5].
 

4.3 Unraveling Electrical Double Layer by Using Ambient Pressure X-ray 
Photoelectron Spectroscopy

 

In a battery, the electrochemical double layer describes the layer of charged atoms or 
molecules in the battery's fluid that are drawn in and cling to the surface of the 
electrode because of their opposite electrical charge – an essential step in battery 
operation – and a second and closely related zone of chemical activity that is affected 
by the chemistry at the electrode's surface (Figure-11).
 

The complex molecular-scale dance of charge flow and transfer within a battery's 
double layer is central to its function. 
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spin and spatially resolved) which measures single particle spectral function along 
with Q-resolved RIXS (time-resolved as well as in the presence of high magnetic field 
are future directions) which measures the two particle response as collective 
excitations arising from the coherent behavior of multiple interacting electrons.

4. APPLICATIONS FOR ENERGY SCIENCES
 

4.1 Making Better Solar Cell
  

Using novel materials to develop thin, flexible, and more efficient photovoltaic cells is 
one of the hottest topics in current materials research. Transition metal 
dichalcogenides, such as MoS , MoSe , WS , WSe , have recently attracted a lot of 2 2 2 2

attention in this effort. A growing number of studies suggest that the electronic 
properties of these materials go through a dramatic change that makes them ideal for 
solar energy applications. These materials can go from indirect band gap 
semiconductors to direct band gap semiconductors when their thickness reduces to a 
single layer limit with the sizes of the band gap in the red to near-infrared spectrum 
(Figure-9), characteristics that are extremely advantageous for light-harvesting and 
light-detecting applications. Up until now, however, researchers have not been able to 
make direct and detailed observation of how this transition occurs. The ability to 
successfully produce uniform, large size samples, and the observation of exact 
electronic structure and gap evolution with varying thickness, are huge steps on the 
design path to more efficient solar cells [4].

4.2 Electrochemistry: the Study of Chemical Transformation

Whereas batteries store energy, fuel cells require a constant fuel supply - hydrogen, for 
example. The electrons and protons in hydrogen atoms are catalytically separated, and 

Figure-9: Angle-resolved photoemission data on (a) single layer, (b) bilayer, (c) trilayer, 
and (d) 8 layer samples of MoSe , with theoretical calculations for single layer and 8 2

layer systems. Experimental data show clear indications of a direct band gap for the 
single layer and an indirect band gap for the samples thicker than bilayer. Figure-10: Measuring inner potential of interface.
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The problem of understanding solid/liquid interfaces has been known for 50-plus years  
– everybody has been using simulations and modeling to try to conceive what is at 
work.

In an experiment at the Advanced Light Source, we used tender X-rays for measuring 
XPS to study for the first time the electronic properties of the double layer that formed 
as positively or negatively charged particles (ions, shown as plus and minus symbols) 
were drawn to a gold electrode (left) as seen in Figure-11. The experiment featured 
neutrally charged pyrazine molecules shown in dark blue in this figure, suspended in a 
water-based electrolyte, composed of potassium hydroxide. These experiments 
allowed measuring changes in the charge properties of molecules caused by changes 
to the electric charge applied to the electrode and to the ion concentration of the 
electrolyte in the double-layer region. This will provide guidance for theoretical 
models as well as materials’ design and development of improved electrochemical, 
environmental, biological and chemical systems [6].

4.4 Charge Dynamics in Operating Cathodes

Soft X-ray Absorption Spectroscopy (soft XAS) at transition metal (TM) L-edge detects 
the transition from 2p core level to 3d unoccupied states, thus revealing directly the 
valence states of TM 3d electrons. Due to this sensitivity, soft XAS has been 
demonstrated to be a powerful tool to fingerprint the lithiation level of positive 
electrodes (cathodes) based on 3d transition metal compounds (Figure-12a).

Figure-12b shows the in-situ soft XAS experimental setup for studying Li-ion battery 
electrodes. A sophisticated battery is fabricated by utilizing polymer electrolyte. The 
current collector was carved by a high-precision laser system to generate detection 
windows for soft X-ray experiments. This technique empowers researchers to monitor 
the electron state evolution of electrodes in real-time with the electrochemical cycling. 
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Furthermore, the surface sensitivity of soft X-rays enables position dependent studies 
on the distinct charge dynamics in different cathode electrodes. For LiNi Mn Co O  1/3 1/3 1/3 2

electrodes, the in-situ results show the real time response of Ni oxidation states 
2+ 4+between Ni  and Ni  to the state-of-charge with cycling voltage below 4.2 V, which is 

consistent with ex-situ studies. On the contrary, the LiFePO  electrodes exhibit no such 4

real-time response, although the cell fabrication and cycling are in the same way as 
that of LiNi Mn Co O  cell. The Fe oxidation states do not change until certain 1/3 1/3 1/3 2

period of relaxation, which depends on the concentration of active material in the 
electrode, as well as the temperature of the cell. Further, the position-dependent study 
of LiFePO  electrodes through ex-situ XAS at “locked” state-of-charge before long 4

relaxation verifies that the delithiation process starts from the region close to the 
current collector where electrons come from. The comparative studies between 
different electrode systems and between in-situ and ex-situ soft XAS results 
demonstrate the power of soft XAS for revealing the charge dynamics and phase 
migration in battery electrodes.

4.5 Organic Materials as Battery Binders and Electrolytes

Typically, nanoparticle active materials require high volume of conductive additive, 
such as acetylene black, to ensure high inter-particle electric conductivity. The high 
volume of additive reduces both volumetric and gravimetric lithium-ion storage 
capacity. More seriously, because the conductive additive has no mechanical binding 
force, it turns to be pushed away from the Si particles by the volume expansion, leading 
to broken electric connections.

Figure-13 shows XAS collected on a series of PF type conductive polymers with 
different function groups, as well as the traditionally used p-type PANi. The spectra 
display the excitations of core level electrons to the unoccupied states, and the lowest 
energy intensity peaks correspond to the LUMO derived bands as amplified in the 
bottom panel and the low energy of the carbonyl induced band. The results, however, 
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Figure-12: (a) Soft X-ray Absorption Spectrum of the Positive Electrode in a Li-ion Battery, 
(b) Soft XAS Experimental Set-up for the In-Situ Study of Battery Electrodes [7,8]Figure-11: Stylized Representation of an Electrochemical Double Layer, The Heart of 

Solid/Liquid Chemical Interactions Such as those Occurring Around a Battery's Electrode. 



The problem of understanding solid/liquid interfaces has been known for 50-plus years  
– everybody has been using simulations and modeling to try to conceive what is at 
work.

In an experiment at the Advanced Light Source, we used tender X-rays for measuring 
XPS to study for the first time the electronic properties of the double layer that formed 
as positively or negatively charged particles (ions, shown as plus and minus symbols) 
were drawn to a gold electrode (left) as seen in Figure-11. The experiment featured 
neutrally charged pyrazine molecules shown in dark blue in this figure, suspended in a 
water-based electrolyte, composed of potassium hydroxide. These experiments 
allowed measuring changes in the charge properties of molecules caused by changes 
to the electric charge applied to the electrode and to the ion concentration of the 
electrolyte in the double-layer region. This will provide guidance for theoretical 
models as well as materials’ design and development of improved electrochemical, 
environmental, biological and chemical systems [6].

4.4 Charge Dynamics in Operating Cathodes

Soft X-ray Absorption Spectroscopy (soft XAS) at transition metal (TM) L-edge detects 
the transition from 2p core level to 3d unoccupied states, thus revealing directly the 
valence states of TM 3d electrons. Due to this sensitivity, soft XAS has been 
demonstrated to be a powerful tool to fingerprint the lithiation level of positive 
electrodes (cathodes) based on 3d transition metal compounds (Figure-12a).

Figure-12b shows the in-situ soft XAS experimental setup for studying Li-ion battery 
electrodes. A sophisticated battery is fabricated by utilizing polymer electrolyte. The 
current collector was carved by a high-precision laser system to generate detection 
windows for soft X-ray experiments. This technique empowers researchers to monitor 
the electron state evolution of electrodes in real-time with the electrochemical cycling. 

68

Furthermore, the surface sensitivity of soft X-rays enables position dependent studies 
on the distinct charge dynamics in different cathode electrodes. For LiNi Mn Co O  1/3 1/3 1/3 2

electrodes, the in-situ results show the real time response of Ni oxidation states 
2+ 4+between Ni  and Ni  to the state-of-charge with cycling voltage below 4.2 V, which is 

consistent with ex-situ studies. On the contrary, the LiFePO  electrodes exhibit no such 4

real-time response, although the cell fabrication and cycling are in the same way as 
that of LiNi Mn Co O  cell. The Fe oxidation states do not change until certain 1/3 1/3 1/3 2

period of relaxation, which depends on the concentration of active material in the 
electrode, as well as the temperature of the cell. Further, the position-dependent study 
of LiFePO  electrodes through ex-situ XAS at “locked” state-of-charge before long 4

relaxation verifies that the delithiation process starts from the region close to the 
current collector where electrons come from. The comparative studies between 
different electrode systems and between in-situ and ex-situ soft XAS results 
demonstrate the power of soft XAS for revealing the charge dynamics and phase 
migration in battery electrodes.

4.5 Organic Materials as Battery Binders and Electrolytes

Typically, nanoparticle active materials require high volume of conductive additive, 
such as acetylene black, to ensure high inter-particle electric conductivity. The high 
volume of additive reduces both volumetric and gravimetric lithium-ion storage 
capacity. More seriously, because the conductive additive has no mechanical binding 
force, it turns to be pushed away from the Si particles by the volume expansion, leading 
to broken electric connections.

Figure-13 shows XAS collected on a series of PF type conductive polymers with 
different function groups, as well as the traditionally used p-type PANi. The spectra 
display the excitations of core level electrons to the unoccupied states, and the lowest 
energy intensity peaks correspond to the LUMO derived bands as amplified in the 
bottom panel and the low energy of the carbonyl induced band. The results, however, 

69

Figure-12: (a) Soft X-ray Absorption Spectrum of the Positive Electrode in a Li-ion Battery, 
(b) Soft XAS Experimental Set-up for the In-Situ Study of Battery Electrodes [7,8]Figure-11: Stylized Representation of an Electrochemical Double Layer, The Heart of 

Solid/Liquid Chemical Interactions Such as those Occurring Around a Battery's Electrode. 



are striking considering that the energy of the carbonyl induced π*C=O transition in 
PF-type polymers is even lower than that of the π*C=C, which is typically the lowest-
energy LUMO state in other polymers. The observation is consistent with ab-initio 
density functional theory (DFT) calculations, and explains why the polymer with 
carbonyl group will lead to efficient charge transfer in Li-ion battery chemistry. Such 
information provides clear guidelines for further improving the materials.

The development of the conductive polymer in this work showcases the power of soft 
X-ray for detecting the relevant electron states that defines the performance of battery 
devices. This approach could be extended to many other organic compounds, 
including electrolyte.
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ABSTRACT

Integrated Photonics combines microelectronics and photonics. Systematic research 
and development in this discipline was started almost a decade ago and since then has 
been impacting the communications, sensing, and display technologies. It can be further 
categorized in terms of applications, constituent materials, device-functionality and 
various other characteristics. This paper is a short review of optical communications and 
related device functionality and technology. The information and contents are more like 
a tutorial. Applications perspective and technology related to optical communication 
have also been included. The underlying physical principles and concepts as well as 
materials and fabrication technologies have been briefly highlighted. Some typical 
applications and leading industry and academic research and development are surveyed.

1. INTRODUCTION
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necessary. Soon afterwards, microelectronics and micro-optics convergence ensued 
with added functionality, enhanced efficiency, and significant cost-reduction. For 
more than a quarter of a century, the development of active- and passive-
nanophotonics took place both in academia and industry in the form of quantum wells, 
q-wires and q-dots [1], exotic waveguides, and gratings’ structures [2]. However, 
nanophotonics that is ubiquitous in nature remained enigmatic until recently [3]. 
Primarily, it is based on ultra-small structures with multiple thin periodic/aperiodic 
layers and arrays of particle clusters [4]. Besides its historical perspective (empirical 
more than sound theoretical basis), organized scientific and engineering studies 
started in late 1970s with the pursuit of semiconductor laser diodes (LDs) [5] and light-
emitting diodes (LEDs) [6]. The building blocks of such devices are nanometric thin-
layers (quantum-wells and barriers), and subsequently quantum-wires and ribbons, 
and dots [7] and particles (atomic and molecular clusters and cells). At fundamental 
level, quantum size helps enhance optical interactions [8] and electronic efficiency of 
the optoelectronic and photonic processes. This has already revolutionized the 
lighting (lasers and light-emitting diodes) [9], photonic signal processing, 
telecommunications [10], biomedical sciences, optical information processing [11] 
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The following selected key concepts and ideas are briefly described here that constitute 
the main theme of integrated photonics and ensuing applications. These interlinked 
topics are discussed in the following sequence:

i. Enabling Infinite Bandwidth with added intelligence;
ii. 40 G Coherent Technology was not enough;
iii. 100 G Coherent started and accomplished;
iv. Now 500 G in experimentation;
v. SDN enable bandwidth on demand; and
vi. Optical Packet-access and transport from the Edge of the Network to the core and 

ultra-long-haul regime.

3. ENABLING INFINITE BANDWIDTH WITH INTELLIGENCE

It is well established now that the silica fibers have tremendous bandwidth by 
exploiting the optical wavelengths from 1200 nm to 1700 nm for long-haul regime 
using lasers, whereas 800 nm to 1200 nm spectral region LEDs provide viable 
transmission for short-haul applications such as intra- and inter-data centers.   

Figure-2 is a typical textbook transmission spectrum of silica glass [18], which, of 
course, requires the sources and detectors combinations and switches, and routers for 
utilizing the bandwidth. 

The short- and long-haul transmission is a crucial part of the process but real 
utilization of the available bandwidth in a meaningful way requires transceivers, 
switches, and routers operating with intelligence. Therefore, the transceiver-level 
photonics chips not only include light generation, modulation, and detection but also 
require memory chips and logic functions to render this light-chip a certain level of 

and computer technology, display and detection technologies, as well as optical 
sensing. 

2. BACKGROUND
 

Integrated Photonics that may bring the next wave of revolution based on 
microelectronics and nanophotonics, started almost a decade ago and has 
revolutionized the information, communication [12] and display technologies [13]. It 
could be further categorized based on final applications, constituent materials, device-
functionality and several other characteristics. We will deliberate from the view point 
of device functionality for the categorization of nano- and integrated-photonics in 
order to focus the discussion on particular areas of interest. This tutorial and review 
presentation will focus on the underlying physical principles [14] and concepts, 
materials and fabrication technologies [15,16], and typical applications of nanoscale 
photonic structures (building blocks). The building blocks of integrated photonics and 
resulting devices’ assemblies using foundries [16] will also be reviewed.

At the fundamental level, of particular interest are various light-generating and 
confining structures that can produce and control propagation of light (navigate, slow-
down, or change polarization), enhance emission and absorption, and manipulate the 
photons’ normal behavior. Usually, the respective materials for active-devices are 
semiconductors and those for passive-nanophotonics are dielectrics, since dielectrics 
have no absorption losses but only small scattering due to imperfections and surface 
defects introduced during fabrication processes. 

Several of photonic structures would be usually periodic in index of refraction and 
band gap, and constitute well-known entities; gratings, waveguides [2] and “photonic-
crystals” (in analogy to the electronic crystals with atomic periodicity), and 
semiconductor heterostructures [7].   

While it would not be possible to describe in detail all the sub-components and 
associated material technologies used to achieve the building blocks of a typical 
integrated module such as an optical transceiver (Figure-1), we will attempt to provide 
a quick review using various diagrams. 

Figure-1: An Optical Transceiver consisting of multiple VCSELs for signal 
transmission and PIN photodetectors for receiving communication signals [17, 22] Figure-2: Optical Fiber Transmission Spectrum and its evolution over three decades [18]
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automatic decision- making capabilities. 

High Speed/Capacity Communications Demand: It is a known fact that today’s 
communications and social-networks are truly bandwidth intensive. Its impact and 
importance can be judged from the following points [19]. 

• With mobile phones, smart devices, hand-held tablets and computers the demand 
for bandwidth has literally exploded.   

• Long-haul data networks are struggling to keep pace with video on demand, video 
conferencing, “face-time” and tele-presence requiring 24/7 connectivity. 

• Recently global and civic security issues and ensuing video surveillance and real-
time monitoring have added more fuel to already bandwidth-burning 
applications.  

Demands on Engineering Community: In order to respond to the dire needs of the 
telecommunication and video on demand (VoD) the researchers and engineers have 
responded with:

• Increasingly complex modulation schemes to improve transmission efficiently;
• Higher speed clock and data channels for tighter timing margins.

Opportunity for Innovation: The above-mentioned demands and challenges offer new 
opportunities, such as: 

• Wider bandwidth and higher resolution signal generation capabilities;
• More wavelengths stuffing in the same fiber, i.e., ultra-dense wavelength-division 

multiplexing, and so on.

Moreover, the long-haul involves thousands of km fiber length and that also brings the 
challenges of its own. That might involve chromatic dispersion, attenuation, and 
cross-talk with neighboring channels and eventual nonlinear effects. However, a 
decade ago, these impairments were severe and required sophisticated solutions. In a 
single channel stuffing high-density data meant high bit-rate modulation. That in turn 
becomes even more sensitive to dispersion as bit-period becomes short. Of typical bit-
rates exceeding 20 Gbps, e.g., 40 Gbps, also posed problem of polarization mode 
dispersion. Figure-3(a) and 3(b) provide an insight of basics of linewidth variation with 
modulation speeds and symbol lengths with data rates. 

Of course, viable solutions involved multiple channels of 10 Gbps stream with DWDM 
(dense wavelength division multiplexing) [19] on a single strand of a fiber. For almost 
two decades, the DWDM techniques with intelligence integrated transceivers have 
helped to utilize a big part of the available fiber bandwidth. 

The need for higher speeds and bandwidth demand has been ever-increasing in a 
geometric progression. For example, three years ago, a ‘Cisco chart’ projected the 

Figure-3(a): Broadening of laser linewidth with modulation speed 
(adapted from Infinera) [20]

Figure-3(b): The diagram compares length of various bit/symbol lengths, 
which shows that NRZ is not feasible for 40 Gbps and beyond [20].

*Infinera (Originally a Long-haul company- became a multi-product Company)

*
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4. COHERENT COMMUNICATION ERA

DWDM provided a tremendous bandwidth by adding closely spaced wavelength 
channels with a basic modulation (on-off keying) and error correction schemes [19]. 
The researchers and innovators both in academia and industry with a continued quest 
were successful in introducing a variety of optical modulation scheme as well as 
optical coherent communication in an analogy with radio and microwave 
communication. 

Moreover, simple on-off keying for optical modulation also underwent great 
enhancements, i.e., a variety of modulation schemes were introduced over the past two 
decades. The following short description and various parts of Figure-5 provide a quick 
overview of optical modulation methods/schemes. 

(i) Pure Amplitude Modulation: Also known as on/off keying (OOK) carries one-bit 
per symbol. Traditional 10G transmission per channel modulates the amplitude of the 
light, keying OOK. Direct detection is used in the receiver and the idea is illustrated in 
Figure-5 (a).

(ii) Pure Phase Shift Keying (PSK): PSK also carries 1 bit/symbol. It is used in 
coherent transmissions that modulate the phase of the light, the simplest case is phase 
shift keying and shown in Figure-5 (b).

(iii) Typical QPSK: Quadrature Phase Shift Keying carries 2-bits/ symbol. By doubling 
the number of phase states, the bit/symbol rate is also doubled as displayed in Figure-5 
(c). 

(iv) DP-QPSK: Dual-Polarization QPSK 4 bits/symbol depicted in Figure-5(d). This 
indeed is QPSK on each orthogonal polarization thereby doubling the symbol capacity. 

Moreover, other formats are also used, such as Differential QPSK (DQPSK), 8-PSK, 
Quadrature Amplitude Modulation (QAM) and Orthogonal Frequency Division 
Multiplex (OFDM).

Figure-6 further illustrates a dual-polarization QPSK in coherent communication 
system. The symbol constellation shows the theme. The symbol constellation is 
elaborated in the simple picture in this Figure-6, which gives a quick view of how the 
bits are identified in QPSK and DP-QPSK modulation schemes. 

Figure-7 shows a typical coherent transmission system which utilizes photonic 
integrated circuits (PICs); this diagram has been adapted from Tektronix TM webinar 
presentation 2015 [23].  

The coherent transceivers have functionality that requires several lasers, arrayed 
waveguides, splitters / combiners, local oscillators, photodetectors, optical filters, 

growth in bandwidth demand as displayed in Table-1.

Presently, traditional OOK-based DWDM links carry up to160 channels each of 10 
Gbps capacity (1.6 Tbps aggregated capacity) in a 25 GHz ITU grid or up to forty 40 
Gbps channels in a 100 GHz ITU grid. But commercial success of 40 Gbps OOK 
modulated channels has been rather limited as it is only feasible at the expense of much 
higher cost and complexity due to the electronics involved and the need to apply 
powerful dispersion compensation techniques (Figure-4).

Figure-4: High-capacity optical communication based on DWDM with photonic 
integrated circuits (PIC) [Credit: Aurrion - Juniper Networks] 

2011 2012 2013 2014 2015 2016

CAGR 

2011-16

Internet 20,121 29,095 35,943 45,372 57,991 74,247 30%

Managed IP 5,269   7,270   9,482   11,202 12,953 14,592 23%

Mobile Data 402       870       1,717   3,116   5,213   8,313   83%

North America 8,796   12,700 15,023 17,070 20,017 23,819 22%

Western Europe 6,018   8,686   11,032 13,893 17,245 21,198 29%

Asia Pacific 9,058   12,871 16,690 21,939 28,606 36,974 32%

Latin America 815       1,260   1,946   3,017   4,640   6,939   53%

Central & Eastern Europe 908       1,375   1,934   2,758   3,895   5,374   43%

Middle East & Africa 197       352       573       975       1,700   2,848   71%

Consumer IP Traffic 25,792 37,244 47,198 59,652 76,103 97,152 30%

Source: CISCO VNI, 2012

By Geography  (BP Per Month)

Total (BP Per Month)

Consumer PIP Traffic, 2011-16

By Type (BP Per Month)

Table-1: IP Traffic/Bandwidth usage, growth and demand projection [CISCO VNI 2012]
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optical amplifiers, electronic amplifiers, and so on. Figure-8 illustrates a typical 
coherent receiver side of transceiver [19].  Pictures of some form-factor pluggable 
transceivers are shown in Figure-9.

5. INTEGRATED PHOTONICS MATERIALS AND EXAMPLE MODULES 

In the sections above, we have considered the integrated photonics as an enabler of 
high-speed and high-capacity fiber-optic communications. This indeed is not a small 
achievement as we see that our communication and bandwidth consumption is simply 
tremendous and would not be possible at all without optics and integrated photonics.  
While we will glance over some example modules quickly, we will also view the 
contemporary material systems capable of performing photonic functions that remain 
compatible with other necessary materials. 

(a) (b)

(c)

(d)

Figure-5: Various Modulation Schemes used in optical communications. (a) OOK (On/Off-
keying), (b) PSK (Phase Shift-Keying), (c) QPSK (Quadrature Phase Shift Keying), (d) 

DP-QPSK (Dual-Polarization QPSK) [17, 19].

Figure-6 (a): QPSK: Symbol constellation-encodes two bits per symbol (b) DP-
QPSK: Symbol constellation-encodes two bits per symbol per polarization, thus 

quadruples the rate. [19]

Figure-7: A coherent transmission system enables high-bit rate transmissions over 
long-haul and recovers signals from a noisy environment (Courtesy Tektronix) [19].



80 81

optical amplifiers, electronic amplifiers, and so on. Figure-8 illustrates a typical 
coherent receiver side of transceiver [19].  Pictures of some form-factor pluggable 
transceivers are shown in Figure-9.

5. INTEGRATED PHOTONICS MATERIALS AND EXAMPLE MODULES 

In the sections above, we have considered the integrated photonics as an enabler of 
high-speed and high-capacity fiber-optic communications. This indeed is not a small 
achievement as we see that our communication and bandwidth consumption is simply 
tremendous and would not be possible at all without optics and integrated photonics.  
While we will glance over some example modules quickly, we will also view the 
contemporary material systems capable of performing photonic functions that remain 
compatible with other necessary materials. 

(a) (b)

(c)

(d)

Figure-5: Various Modulation Schemes used in optical communications. (a) OOK (On/Off-
keying), (b) PSK (Phase Shift-Keying), (c) QPSK (Quadrature Phase Shift Keying), (d) 

DP-QPSK (Dual-Polarization QPSK) [17, 19].

Figure-6 (a): QPSK: Symbol constellation-encodes two bits per symbol (b) DP-
QPSK: Symbol constellation-encodes two bits per symbol per polarization, thus 

quadruples the rate. [19]

Figure-7: A coherent transmission system enables high-bit rate transmissions over 
long-haul and recovers signals from a noisy environment (Courtesy Tektronix) [19].



82

5.1 Material Systems

Typical photonic materials themselves should be either multifunctional or compatible 
with other materials in order to achieve the goals. For example, an optical transmitter 
needs to produce the light as carrier at a specific wavelength, linewidth (spectral 
content), and power. In order to carry the information bits, the light beam needs to be 
modulated. For low data rates, one can directly modulate the current and the optical 
output would be modulated to correspond to the data bits. But for high-speed and high 
capacity data, direct modulation is not feasible. Therefore, a light source, often a high-
quality semiconductor laser, produces a CW beam, and modulation is imparted by an 
electro-optic process with a device, such as Mach-Zhender (MZ) waveguide 
modulator. 

The MZ modulators are fabricated in the form of waveguides on electro-optic 
dielectric materials [17]. This brings at least three other issues, coupling of light beams 
from the lasers into the MZ modulators, then high-voltage modulation signals and 
subsequent encoded beam launching into the carrier fiber for long/short haul. 
Modulators themselves are at least two types, i.e., intensity- and phase-modulators. 

ndAnother level of complexity adds up when a 2  laser with orthogonal polarization is 
also coupled through a second MZ modulator. In order to overcome coupling losses 
and long distance launch, a booster optical amplifier also needs to be incorporated. 
Therefore, an optical transmitter involves, epitaxially grown semiconductors, 
dielectric and electrooptic waveguides, high-speed electrical transmission lines, 
dielectric mode converter and coupling assembly for launching into the single mode 
fiber. This should give a fairly good idea about the material challenges in fabricating 
the components for “integrated photonics”. 

Lasers, light-emitting devices, and optical amplifiers require direct band gap 
semiconductors, and waveguides and photodetectors for the receiver part of an 
‘Optical Transceiver’ can be made from Si and Si:Ge materials. Luckily, silicon and 
silica (SiO ) waveguide material system is highly versatile and useful for modulators, 2

couplers, splitters and electronics components.         

Various options for Photonic Integrated Circuits (PICs) involve different types of 
specialized and application specific PICs listed in the Figure-10. Clearly, each type of 
PICs requires specialized material system which may not be compatible for direct 
integration with other materials. But could be realized by optimized hybrid 
integration, those will require each platform for specific devices set and thereby co-
integrating on common platform. A receiver optical sub-assembly (ROSA) for a 100G 
card is shown in Figure-11.

For developing such PICs materials and foundry systems needs to be identified. 
Various options for application specific PICs could involve InP, Silicon, or TriPleX 
(excluding PLC and LiNbO ). Moreover, today foundries readily provide multipurpose 3

wafers (MPWs) or Custom Runs.  MPW reduces costs during developmental phase, but 
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Figure-9: Small form-factor pluggable transceivers [17]

Figure-8: Incoming carrier with 2-polarizations, each with QPSK (4 states) . All 
components defined as: AD=A/D Converter; AMZ= adjustable Mach-Zhender; DSP= 
digital signal processor; LO=local oscillator; PD= photodetector; PBS=polarization 

beam-splitter [20].  
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PICs requires specialized material system which may not be compatible for direct 
integration with other materials. But could be realized by optimized hybrid 
integration, those will require each platform for specific devices set and thereby co-
integrating on common platform. A receiver optical sub-assembly (ROSA) for a 100G 
card is shown in Figure-11.
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wafers (MPWs) or Custom Runs.  MPW reduces costs during developmental phase, but 
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Figure-9: Small form-factor pluggable transceivers [17]

Figure-8: Incoming carrier with 2-polarizations, each with QPSK (4 states) . All 
components defined as: AD=A/D Converter; AMZ= adjustable Mach-Zhender; DSP= 
digital signal processor; LO=local oscillator; PD= photodetector; PBS=polarization 

beam-splitter [20].  



custom runs may be needed in the end anyway for volume and/or for unique 
performance. Of course during hybrid PICs development, one has to consider 
carefully the batches for “Active” and “Passive” components and compatible materials 
and subsequent hybrid-integrations and packaging as well. 

5.2  PIC Software Packages

Fortunately, these days good software design and simulation-packages are available 
that save both time and money for PICs development. 
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It goes without saying that Electronic Design Automation (EDA) tools were created for 
electronic ICs. Likewise, Photonic Design Automation (PDA) tools have been 
gradually developed for PICs. However, there are diverse situations, i.e., what if the 
chips have optical as well as electrical components? Moreover, what if one does the 
photonic simulations in PDA but then uses EDA for the mask layout? This brings more 
complexity and compatibility challenges.

However, there are ongoing efforts between EDA and PDA providers to make their 
software packages interoperable and support the industry to scale from mere R&D to 
high volume manufacturing [23]. Even though some functions can be done using both 
PDA as well as EDA, care is needed to mix the functionality. 

One should keep in mind clearly that EDA and PDA packages are not directly 
equivalent as photonics is not directly equivalent to electronics, i.e., CMOS process. 
Integrated Photonics has “RF-like” behavior, requiring:

• Dedicated photonics simulation routines;
• Accurate and flexible definition of all angle shapes;
• Control of phase relations;
• Libraries with parametric photonics building blocks;
• Special features for verification [DRC (design rule checking), LVS (layout versus 

schematic).

The tools support designs at circuit level 26 are used for:

• Picking, placing and connecting validation of components (Figure-12);
• Automatic detection of photonic and electrical connections;
• Direct layout of schematic connectivity drives. 
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Figure-12: A sample circuit for ‘Pick, Place, and Connect’ validation. [Adapted 
from Light-Wave PIC Webinar’2015 ]

Figure-11: Plenty optics in a small module & size constraints require 
integration, a ROSA (receiver optical subassembly) is shown for a 100G card. 

(Source: Jon Anderson (Opnext) Nov.1, 2011 Lightwave.) [22].

Figure-10: Application Specific PICs (a) Fiber to the Home Wireless; (b) 
Biomedical Imaging; (c) Datacom Switching; (d) Sensor Readouts [Source: 

Lightwave PIC Webinar]
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6. CONCLUDING REMARKS

This pedagogical paper provides an overview of Integrated Photonics, principles, 
technology, and its impact from the perspective of applications in optical 
communications. Various renditions from WDM to coherent techniques have been 
presented with examples and their revolutionary impact on speed and bandwidth. It 
just scratches the surface of the field which is now well established and has impacted 
our lives from internet to electronic gadgets. Integrated Photonics also has profound 
applications in optical sensing, biomedical sciences as well as in display technologies.
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ABSTRACT

While the demand for deep ultraviolet (DUV) light sources is rapidly growing, the 
efficiency of current AlGaN-based deep-UV light-emitting diodes (LEDs) remains very 
low due to their fundamentally limited light-extraction efficiency. This calls for a novel 
light extraction efficiency enhancing approach to deliver a real breakthrough. Efficiency 
enhancement for AlGaN quantum wells (QWs) based deep ultraviolet (UV) light-emitting 
diodes (LEDs) with III-nitride photonic crystals (PCs) on the p-type layer are studied and 
compared to that of the conventional deep-UV LEDs with flat surface. The effects of the 
III-nitride PC’s diameter and height as well as the p-type layer thickness on the light 
extraction efficiency have been studied comprehensively. We present results on 
enhancement of 280 nm deep-UV optical power output in III-nitride light-emitting- 
diodes LEDs, using PCs under current injection. Triangular arrays of the PCs with 
diameter/periodicity of 250/500 nm were patterned using electron-beam lithography and 
inductively coupled plasma dry etching. The total power of unpackaged LED chips 
revealed a significant increase for deep-UV LEDs, as a result of the PC formation. In 
addition, strategies to further enhance the theoretical optimum value and control 
emission directionality are discussed.

Keywords: Wide band gap semiconductor, light extraction efficiency, multiple quantum 
wells, band gap engineering, inductively coupled plasma, electron beam lithography.

1. INTRODUCTION

Deep-UV LEDs based on III-nitrides wide band gap (WBG) semiconductors, are an 
emerging technology which is highly suitable for usage in manufacturing, chemical, 
bio-medical, optoelectronics, consumer electronics, defense and aviation industry 
application [1-5]. Previously, mercury-based UV lamps have been investigated for such 
applications. However, due to limited access to the required wavelength of deep-UV 
light and serious health hazards linked with mercury-based light sources, incumbent 
lamp technology possesses serious restrictions for the use of this technology inside the 
home appliances, especially refrigerators for food storage and preservation. LED 
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extension of the produce shelf life in the refrigerated environment [22]. Exposure to 
UV-C light from germicidal lamps has successfully improved post-harvest storage of 
strawberry, which is known for short shelf- life, but use of germicidal lamps requires 
careful control, and is not practical for consumer applications. 

UV LED technology is rapidly developing and now creating fundamentally new 
applications that were previously not feasible. Effects of the UV illumination on post-
harvest storage have been studied in the past. Vast majority of these studies were, 
however, limited to use of Hg vapor lamps providing mostly only 253.6 nm spectral 
line in UV-C range primarily effective for disinfection. Moreover, potential hazards 
related to Hg restricted the UV-assisted produce storage only to laboratory 
experiments and the high temperatures produced from these lamps can result in 
desiccation and increased spoilage of the fresh produce [23]. Visible LED lighting is 
currently widespread in commercial and consumer refrigerators owing to lower 
consumption, lower temperature and compactness as compared to traditional bulbs. 
Extension of this technology towards UV LED represents a new step in produce 
storage never attempted previously. Latest packaging techniques, such as ‘flip-chip 
packaging’ has provided a boost to this technology for their ever demanded thermal 
management that performs at higher optical power densities for commercial 
applications as shown in Figures-2 and 3.

During the last few years, UV lighting applications represented 89% of the overall UV 
LED market. On the other hand, UV curing is the most dynamic and most important 
market, due to significant advantages it offers over traditional technologies [24,25]. 
This trend is pushing the technology's adoption by industries from UV LED module 
and system manufacturers to ink formulators with due role of the associations created 
to promote the technology. Presently, almost all the major UV curing system 
manufacturers are involved in the UV LED technology transition. 

solutions are considered safe for general use 
with visible LED lights already being used by 
the industry. Due to the large number of deep-
UV lighting applications, a greater research 
focus has been placed on LEDs with light 
emission below 380 nm wavelength regimes. 
However, deep UV LEDs (DUV-LED) have 
light emissions with wavelengths in the 200-
290 nm range [6-8]. Most of the research focus 
has been on the design, fabrication, and 
characterization of DUV-LEDs, particularly 
those based on pseudomorphic and quasi-
pseudomorphic growth of Aluminum-
Gallium-Nitride (AlGaN) epi-layers over 
sapphire as shown in Figure-1 [9,10].

2. APPLICATIONS OF UV LEDs

In addition to traditional applications, and due to their unique properties, UV LEDs 
are also creating new applications that are not accessible to traditional UV lamps, i.e., 
appliances that are miniaturized and portable. In 2012, several new UV LED-based 
products were launched, including cell phone disinfection systems, nail gel curing 
systems and miniaturized counterfeit money detectors; and this is likely to continue 
[11-15]. It has been estimated that new UV LED applications continue emerging, 
which would increase the overall UV LED market size to nearly $300M [16]. 

Ultraviolet radiation has been used extensively for bacterial and viral disinfection for 
many years, since ultraviolet energy is capable of providing a sufficient dose to 
eradicate microorganisms by destruction of their DNA reproduction. But UV may also 
stimulate host plant defense mechanisms. Most plants respond to ultraviolet light by 
initiating or increasing the synthesis of polyphenolic compounds, such as flavonoids, 
which absorb incident ultraviolet light and protect plant tissues from DNA damage 
that might otherwise result from UV light exposure. Some of the technical challenges 
associated with the growth of deep-UV LEDs epi-structures is illustrated in Figure-1a.

Polyphenolic compounds are potent antioxidants also and can affect cell metabolism 
(e.g., nitric oxide levels) [17-20]. For the last many years, several groups from 
academia and industry, including Whirlpool Corporation, have been pursuing work on 
the design and development of high power deep-UV lighting technology for developing 
applications for curing, food preservation, air-disinfection, water purification, bio-
medical treatment and chemical detections [21]. It was found that UV exposure at 
several different wavelengths is the most beneficial for plant preservation. For 
instance, ultraviolet energy in the germicidal band UV-C is best suited for sterilizing 
the surface of the produce and/or container, whereas ultraviolet radiation in UV-B 
range is best suited for plant stimulation and affecting cell metabolism leading to 

Figure-1: Illustration of deep-UV LED 
epi-structure based on sapphire substrate

Figure-1a: Schematic of an (In) AlGaN MQW UV-LED heterostructure, 
highlighitng the key technical growth challenges
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output performance is shown in Figure-4. A linear performance of these packaged 310 
nm LEDs without any degradation for an injected 300 mA and higher DC driving 
current can be seen. Overall, the product of injection and recombination efficiencies is 
representative of the efficiency of the processes leading to light emission from the 
active region in the LED. Since their invention, one of the major issues has been how 
the  emitted photons can be extracted out of the active region of the emitters, called 
extraction efficiency which is the fraction of the generated photons that survive re-
absorption and make it out of the device. The overall performance of a light emitting 
diode is characterized by its external quantum efficiency (EQE ) defined as the ratio of 
the number of photons emitted from an LED device to the electrons injected into the 
device. Significant efforts have been dedicated to improve the external quantum 
efficiency and the extraction efficiencies of these light sources.

4. CONCLUSIONS

In conclusion, ultraviolet light sources of III-nitrides wide band gap semiconductors 
such as AlGaN/GaN are gaining tremendous research interest for commercial 
applications. Overall, the development of group III-nitride UV emitters can be divided 
into three stages: fundamental materials breakthrough and basic proof of device 
operation; progress in device technologies with focus on UV-B and UV-C-LEDs; and 
their adoption for commercial applications. Currently, the main focus for the 
development of this technology is in the areas of sensing, medical diagnostics, 
phototherapy, and point-of-use for food preservation and air/water disinfection. It is 
believed that AlGaN-based deep-UV LEDs are an enabling technology for future 
domestic and commercial applications.

3. METHODOLOGY OF UV LEDs

Fundamentally, the emission of photons by light emitting diodes is a complex process 
that is shaped and influenced by a number of different processes. The first phase is the 
injection of electrons into the active region of the LED. However, due to imperfection 
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ABSTRACT

Ultrafast electron diffraction (UED) is used to probe the lattice dynamics of picosecond 
and femtosecond laser-heated thin films and surfaces. In UED, a photoactivated electron 
gun is used to produce electron pulses that are synchronized with an ultrafast laser 
pulses. The temporal resolution of the UED system depends on the laser pulse width and 
electron pulse broadening. Pump-probe experiments are conducted by a variable spatial 
time delay between the laser pulse photoactivating the cathode of the electron gun and 
that interacting with the sample. Examples of studies performed at Old Dominion 
University on surface dynamics of In(111) and Ge(111) single crystals and on Bi thin 
film are presented in this paper.

1. INTRODUCTION

The ability to observe fundamental processes in thin films, nanoparticles, and surfaces 
in real time provides an understanding of the nature and rate of surface phase 
transitions and reactions. Control of ultrafast processes in condensed matter as they 
occur can lead to preparation of new structures with an impact on technology 
requiring precise control of surface electronic, chemical, and structural properties. 
These rapidly developing technologies include thin film fabrication, nanotechnology, 
and catalysis. Ultrafast lasers provide a tool to modify the surface properties through 
rapid thermal processing, purely electronic-induced excitation, or a combination of 
thermal and electronic processes. Probing ultrafast laser-induced phase transitions 
with sufficient temporal resolution enables manipulating surface processes and 
producing far-from-equilibrium properties.

Ultrafast electron diffraction was used in our lab to study the surface structure under 
pulsed  laser heating. The basic idea of this technique was described in our early 

1-4work.  Two laser systems are used; a 100-ps Nd:YAG laser and a 100-fs Ti:sapphire 
laser. In Figure-1, a 100-fs Ti:sapphire laser pulse is shown to split into two beams. The 
fundamental beam (wavelength ~820 nm, 1.5 mJ laser pulse energy, at a 1 kHz 
repetition rate) is used for heating the surface while a small portion of the beam is 
frequency tripled and is incident on the cathode of the photoactivated electron gun, 
generating an electron pulse. The laser heating pulse and the electron probe pulse are 
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2where Dk is the change in the electron wave vector due to scattering, and <u > is the 

mean square vibrational amplitude along k. 

The surface Debye temperature Q  can be used to obtain the time resolved temperature D

under equilibrium phonon condition. An example of a time resolved measurement of 
the surface temperature subjected to ~100-ps laser heating is shown in Figure-2 for an 

15In(111) crystal.  The time resolved RHEED intensity was converted to a surface 
temperature rise using the measured surface Q . These data are compared with a heat D

diffusion model (solid line). 

2.2 Ge(111)-c(2x8) – (1x1)

Figure-3(a) shows a schematic of the top view of the adatom model of Ge(111)-c(2x8). 
The adtoms, top layer atoms bonded to adatoms (“back-bond atoms”), top layer atoms 

synchronized. The electron energy is 15.0-50.0 keV and the width of the electron pulse 
5is as short as 0.8 ps, with pulse width limited mainly by space charge broadening.  By 

optically delaying the heating laser pulse relative to the electron pulse, the time 
evolution of the structure can be studied. The diffraction pattern is lens coupled from a 
microchannel plate (MCP)/phosphor screen assembly to a CCD camera. The 
diffraction system can be operated in reflection or transmission mode. The work 
summarized here focusses only on the studies done at Old Dominion University. 
Several groups have conducted extensive studies on lattice dynamics using ultrafast 

6-14time-resolved electron diffraction.

2. SURFACE DYNAMICS

Surface dynamics of single-crystals was studied using picosecond time-resolved 
reflection high-energy electron diffraction (RHEED) which is used to obtain the 
temporal evolution of the structure, morphology, and mean vibrational amplitude of 

1-4surface atoms during a fast laser-initiated surface phase transition or reaction.  The 
oelectron beam incident is at a small angle, typically ~1  off the surface. 

2.1 Transient Surface Mean Vibrational Amplitude

The surface mean vibrational amplitude has a profound effect on surface dynamics 
and is directly related to temperature when the phonons are in equilibrium. As the 
temperature is raised, the number of elastically scattered electrons is reduced with 
negligible widening of the diffraction spots. The effect of the atomic thermal vibration 

-2Won an elastically diffracted beam can be described by: I=I  e , where I and I  are the o o

intensity of the diffracted beam at temperature T and for a rigid lattice, respectively, 
2 2and 2W is the Debye Waller factor. For the harmonic approximation 2W=½k½D <u >, 

Figure-1: Time resolved electron diffraction setup. The diffraction system can be 
operated in reflection or transmission mode. The schematic shows the transmission 

electron diffraction geometry

Figure-2: Time resolved surface temperature rise of In(111) 
subjected to ~100 ps laser pulse

Figure-3: (a) Schematic of the top view of Ge(111)-c(2x8). Top layer atoms bonded to 
adatoms (“back-bond atoms”), top layer atoms not bonded to adatoms “rest atoms” and 

16second-layer atoms are indicated.  (b) RHEED pattern at room temperature. The electron 
beam is along [11 ]. (c) The reciprocal lattice.
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depending on the base temperature, indicating that the adatoms are no longer bonded 
to the T  sites by a harmonic oscillator and start to diffuse as the temperature is 4

increased. From Figure-4(b), we see that the adatoms start to diffuse at ~510 K, which 
is well below the thermodynamic transition temperature of 573 K. It is reasonable to 
expect that adatom diffusion starts at a lower temperature than the thermodynamic 
transition temperature, because surface vacancies are always present on a real 
Ge(111) surface. 

For slow heating, our RHEED results show that the adatoms in the Ge(111)-c(2x8) 
reconstruction starts to disorder at the vicinity of 510 K and are converted to a totally 
disordered adatom arrangement at 573 K. However, for 100-ps laser pulse heating, 
our time-resolved RHEED measurements show that the disorder starts at 584±16, 

74±16 K above the onset temperature for the disordering under thermodynamic 

equilibrium. The overheating of Ge(111)-c(2x8) is attributed to the diffusion energy 
barrier associated with the adatom disorder starting from the domain boundaries. 

3. SIZE-DEPENDENT ELECTRON-PHONON COUPLING AND COHERENT 
PHONON EXCITATION/RELAXATION

UED directly probes the increase in lattice vibration as the lattice is heated by electron-
phonon collisions. Figure-5 shows the time-resolved (110) diffraction peak of Bi 

18,19platelets obtained by depositing 5-nm Bi on carbon-coated TEM grid.  The results 
2show that t  is dependent on the laser fluence increasing from 3.1 ps at 1.5 mJ/cm  to e-ph

24.3 ps at 3.3 mJ/cm . This increase in t  was observed previously in optical pump-e-ph

probe studies and is attributed to perturbation-dependent slowing down of the 
electron gas cooling. By conducting laser excitation at the weak-perturbation limit, it 
is possible to accurately determine t .e-ph

16not bonded to adatoms “rest atoms”, and second-layer atoms are indicated.  A 
RHEED pattern of Ge(111)-c(2x8) at room temperature is shown in Figure-3(b) along 
with the reciprocal lattice in Figure-3(c). The Ge(111)-c(2x8) – (1x1) phase transition is 
first order. For heating with 100-ps laser pulse, we have observed overheating of the 

17Ge-c(2x8) to (1x1) transition.  Our study also showed significant supercooling of the 
clean (1x1) phase, with that phase persisting for a time longer than several ns after the 
surface has cooled below the transition temperature T . However, the transformation c

was reversible on a millisecond time scale.

We used 100-ps time-resolved RHEED to investigate the evolution of the phase 
transition in the time domain. In order to determine the laser pulse-induced 
temperature rise on the Ge(111) surface, time-resolved RHEED intensities of the (01) 
streak normalized to that at the base temperature of 442 K were obtained for different 
delay times between the heating laser pulse and the probing electron pulse. Results are 
shown in Figure-4(a). Fixing the delay time at t , i.e., the time at which the RHEED 0

intensity is minimum, which is close to the time of maximum surface temperature rise. 
RHEED streak intensity of the (1,1/2) streak normalized to that at the base 
temperature was obtained for various peak laser fluences. The results are shown in 
Figure-4(b) for three pump-probe scans representing base temperatures successively 
closer to 510 K. In each of the three scans, the exponential Debye-Waller behavior with 
temperature remains for some lower laser peak fluences with a corresponding surface 
Debye temperature Q  of 110 , 109  and 87 K for base temperatures of 442 , 473  and s

507 K, respectively. This is within ±12% of Q  = 98 K observed for the slow heating. s

Deviations from Debye-Waller behavior occurs at higher peak laser fluences 

Figure-4: (a) Transient temperature on the Ge(111) surface heated with 100 ps laser 
8 2pulses (1.8x10  W/cm ) at 442 K. Solid line is from a 1D heat diffusion model. Inset 

shows normalized RHEED streak intensity. (b) Time-resolved RHEED intensities of the 

(0,1/2) streak normalized to those at base temperatures (O 507 K; ▲ 473 K; □ 442 K) 
versus laser fluence. The maximum surface temperature rise is ~110 K. Deviations from 
Debye-Waller behavior occur at higher temperatures compared to that for slow heating.

Figure-5: Normalized diffraction intensity of the (110) order obtained for ~5-nm 
flat flat Bi islands shown in the TEM image. The scale bar is 50 nm. Relaxation 

2time is 4.3 and 3.1 ps for laser fluence of 1.5 and 3.3 mJ/cm
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depending on the base temperature, indicating that the adatoms are no longer bonded 
to the T  sites by a harmonic oscillator and start to diffuse as the temperature is 4

increased. From Figure-4(b), we see that the adatoms start to diffuse at ~510 K, which 
is well below the thermodynamic transition temperature of 573 K. It is reasonable to 
expect that adatom diffusion starts at a lower temperature than the thermodynamic 
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phonon collisions. Figure-5 shows the time-resolved (110) diffraction peak of Bi 

18,19platelets obtained by depositing 5-nm Bi on carbon-coated TEM grid.  The results 
2show that t  is dependent on the laser fluence increasing from 3.1 ps at 1.5 mJ/cm  to e-ph

24.3 ps at 3.3 mJ/cm . This increase in t  was observed previously in optical pump-e-ph

probe studies and is attributed to perturbation-dependent slowing down of the 
electron gas cooling. By conducting laser excitation at the weak-perturbation limit, it 
is possible to accurately determine t .e-ph

16not bonded to adatoms “rest atoms”, and second-layer atoms are indicated.  A 
RHEED pattern of Ge(111)-c(2x8) at room temperature is shown in Figure-3(b) along 
with the reciprocal lattice in Figure-3(c). The Ge(111)-c(2x8) – (1x1) phase transition is 
first order. For heating with 100-ps laser pulse, we have observed overheating of the 

17Ge-c(2x8) to (1x1) transition.  Our study also showed significant supercooling of the 
clean (1x1) phase, with that phase persisting for a time longer than several ns after the 
surface has cooled below the transition temperature T . However, the transformation c

was reversible on a millisecond time scale.
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507 K, respectively. This is within ±12% of Q  = 98 K observed for the slow heating. s

Deviations from Debye-Waller behavior occurs at higher peak laser fluences 

Figure-4: (a) Transient temperature on the Ge(111) surface heated with 100 ps laser 
8 2pulses (1.8x10  W/cm ) at 442 K. Solid line is from a 1D heat diffusion model. Inset 

shows normalized RHEED streak intensity. (b) Time-resolved RHEED intensities of the 

(0,1/2) streak normalized to those at base temperatures (O 507 K; ▲ 473 K; □ 442 K) 
versus laser fluence. The maximum surface temperature rise is ~110 K. Deviations from 
Debye-Waller behavior occur at higher temperatures compared to that for slow heating.

Figure-5: Normalized diffraction intensity of the (110) order obtained for ~5-nm 
flat flat Bi islands shown in the TEM image. The scale bar is 50 nm. Relaxation 

2time is 4.3 and 3.1 ps for laser fluence of 1.5 and 3.3 mJ/cm
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ABSTRACT

In this contribution, a quick overview of Quantum Error Correction (QEC) codes 
(QECCs) is presented. The needs and motivations for QECCs are also presented. The 
specific challenges related to the design of QECCs are first investigated and then the 
available solutions are discussed.

1. INTRODUCTION

According to Moore’s law [1] the number of transistors on a microchip doubles every 
two years. Transistor-size is expected to approach atomic scale in the near future due 
to our quest for miniaturization and more processing power. However, atomic level 
behaviour is governed by the laws of quantum physics [2], which are significantly 
different from those of classical physics. More specifically, in contrast to the classical 
bits, which can either assume a value of 0 or 1, quantum bits (qubits) can exist in a 
superposition of the two states [2,3]. Consequently, while an N-bit classical register 
can store only a single N-bit value, an N-qubit quantum register can store all the 2N 
states concurrently, allowing parallel evaluations of certain functions with regular 
global structure at a complexity cost that is equivalent to a single classical evaluation 
[2,3].

The inherent parallelism associated with quantum entities allows a quantum 
computer to carry out operations in parallel. Quantum computers are capable of 
solving challenging optimization problems in a fraction of the time required by a 
conventional computer [2]. Hence, it can dramatically reduce the detection 
complexity in future generation communications systems [4]. Explicitly, Figure-1 
compares classical serial and parallel computing to quantum computing. On one 
hand, there is a threat that quantum computer may put to risk classical public key 
encryption, which derive their security from the computational complexity associated 
with the underlying mathematical functions. On the other hand, quantum-based 
communication is capable of supporting secure data dissemination [2]. More 
specifically, a qubit collapses upon measurement and it is also not possible to clone a 
qubit [2]. Therefore, any ‘measurement’ or ‘observation’ by an eavesdropper perturbs 
the quantum superposition, hence intimating the parties concerned [2]. 
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measurements during the decoding process. Unfortunately, quantum computing 
forbids  both cloning and measurement of qubits [3]. As shown in Figure-4, we can 
avoid cloning of qubits by entangling auxiliary qubits with the information qubit such 
that the basis states |0>  and |1>  are copied thrice in the superposition of basis states 
of the resulting 3-qubit codeword. Furthermore, a quantum code can avoid the 
measurement issue by observing the error syndromes without reading the actual 
qubit. More specifically, quantum codes invoke the syndrome decoding approach of 
classical linear block codes for estimating the errors incurred during transmission [6]. 
The transition from classical codes to quantum codes is depicted in Figure-5. Note that 
a qubit may experience a classical bit-flip error as well as the quantum channel specific 
phase-flip, when subjected to the quantum depolarizing channel having a depolarizing 

Unfortunately, a major impediment to the practical realization of quantum 
computation as well as communication systems is quantum noise, which is 
conventionally termed  as ‘decoherence’ (loss of the coherent quantum state). More 
explicitly, decoherence is the undesirable interaction of the qubits with the 
environment. It may be viewed as the undesirable entanglement of qubits with the 
environment, which perturbs the fragile superposition of states, thus leading to the 
detrimental effects of noise. The overall decoherence process may be characterized 
either by bit-flips or phase-flips or in fact possibly both, inflicted on the qubits [2,3], as 
depicted in Figure-2. The longer a qubit retains its coherent state, known as the 
coherence time, the better. In particular, the coherence time is affected both by the size 
of the system as well as the environment. 

Hence, powerful Quantum Error Correction Codes (QECCs) are needed for protecting 
the fragile quantum states from undesired influences and for facilitating the robust 
implementation of quantum computers. However, as illustrated in Figure-3, classical 
channel codes require cloning/copying during the encoding process and 

Figure-2: Quantum decoherence as characterized by bit-flips and phase-flips

Figure-1: Comparisons between classical serial and parallel computing to 
quantum computing © 2013 [5]

Figure-3: Classical channel codes require cloning/copying and measurements

Figure-4: Quantum channel codes avoid cloning and measurement of the qubits

Figure-5: The details of the transition from classical codes to quantum codes © 2015 [6]
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probability of p. Hence, apart from the challenges in the encoding and decoding 
processes, the quantum channel also posseses another challenge for modelling the 
phase errors. The solution is to use the Hadamard basis to model phase errors as bit-
flip errors [2,6].

The EXtrinsic Information Transfer (EXIT) chart [7], which is an attractive code 
design tool, has been modified in [6,8] for designing near Hashing-bound QECCs. 
More specifically, a QECC that can operate within 0.3dB from the Hashing bound in 
[8]. However, the actual hardware based implementation of a near-Hashing bound 
QECC is still a big challenge to be resolved. Explicitly, it requires a quantum hardware 
that has sufficiently reliable quantum gates for a long-enough coherence time.

2. CONCLUSIONS

We have addressed the needs for powerful QECCs to support a practical realisation of 
quantum computation. Various challenges related to the algorithmic design of QECCs 
have been mitigated in the literature, while near Hashing-bound QECCs have also 
been designed recently. However, the actual implementation of QECCs in hardware is 
still a major obstacle to be overcome.
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ABSTRACT

Biophotonics is an interdisciplinary science of utilizing light to image, probe and 
manipulate biological media. Typically, the goal is to study different physiological or 
pathological processes at the cellular or tissue level by measuring structural and 
functional changes in the sample under study. Specific examples include: (1) cell growth 
where cellular morphology (shape, size, and structure) changes during cell growth, and 
(2) red blood cell biomechanical properties that change significantly during malaria 
infection. Optical methods strive to retrieve this information by quantifying specific 
biophysical or biochemical properties of the biological sample. Hence, in the optical 
system design process, it is vital to first identify the appropriate light-matter interaction 
(e.g., absorption, fluorescence, scattering, etc.), followed by considerations such as 
optical resolution, contrast, sensitivity, throughput, and signal-to-noise or signal-to-
background ratio. Here, we will go through this process in the context of quantitative 
phase microscopy – a label-free technique for structural and functional imaging of 
biological cells. Relevant applications that partly drive this specific technology 
development will also be briefly highlighted. 

1. INTRODUCTION

Optical spectroscopy and imaging of biological cells and tissue samples provide 
tremendous amounts of information that can be utilized for both diagnostic and 
therapeutic purposes [1]. While there is significant interest in exogenous contrast 
agent based imaging, label-free microscopy such as using Raman scattering 
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2. WIDE-FIELD QUANTITATIVE PHASE IMAGING

This section will provide an overview of full-field quantitative phase imaging (QPI) 
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concentration in RBCs and to measure the dispersion of proteins in live cells. In the 
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full-field phase microscopy technique that has made some of the key, core and 
collaborative biological studies possible at the LBRC. 

2.1 Diffraction Phase Microscopy (DPM)
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both use a separate reference beam for interference and extraction of the sample phase 
information. Therefore, for both techniques, the quality of the phase measurement 
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In 2006, LBRC developed a novel phase measurement technique known as diffraction 
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configuration. 

Figure-1 shows the schematic of the DPM setup; the transmitted sample beam is 
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diffracted beams passes through a pinhole that filters all the high spatial frequency 
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share most of the beam path - hence called common path or near common path design, 
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2.2 Key Applications of DPM

The DPM has been used in a number of key biological studies, some of which are 
highlighted below:

major limitations of DIC microscopy is that it is qualitative in nature owing to the 
nonlinear relationship between measured intensity and phase gradient. Recent 
developments in phase microscopy have focused on obtaining quantitative phase 
information through the use of interferometry and digital imaging devices such as 
CCD cameras. Assuming that the cell is a pure phase object with uniform refractive 
index and that light travels along rectilinear paths through the sample, the measured 
phase Df at specific lateral location of the cell is a function of both the refractive index 
of the cell and the corresponding height:

where n  and n  are the average refractive indices of the cell and the culture medium, c m

respectively, d is the cell height, and l is the wavelength of light. In some cases such as 
in red blood cells (RBCs) where the cytoplasm is uniform, the assumption for uniform 
refractive index is quite valid and very useful as it allows to readily determine sample 
height from the measured relative phase. 

Depending on the application, one can adopt different kinds of sources, modulation 
techniques, and system geometries to extract the phase information of biological cells. 
Various point-measurement techniques have been developed over the years for 
quantifying phase shifts at a given point within a biological sample. For instance, 
phase measurements at fundamental and second harmonic wavelengths have been 
used to quantify DNA concentrations in solutions [7]. Point illumination based phase 
measurements have also been made using depth resolved interferometry, also known 
as optical coherence tomography (OCT) [8]. Depth-resolved birefringence and 
differential phase-contrast OCT images have also been generated with a polarization-
sensitive OCT [9]. An instantaneous quadrature technique was proposed based on the 
inherent non-trivial phase shift between different output fibers of a 3×3 fiber-optic 
coupler [10]. Phase-sensitive OCT-type measurements have also been performed for 
studying static cells [11] to monitor electric activity in nerves [12, 13], and 
spontaneous beating in cardiomyocytes [14]. However, these methods rely on single 
point measurements and require raster scanning for imaging purposes, limiting the 
applicability range of the techniques. 

Although full-field techniques (e.g., phase contrast and DIC microscopy) are available 
for regular use in biology Labs, these do not readily provide quantitative information 
about the biological sample.  Various quantitative full-field phase imaging techniques, 
suitable for spatially resolved investigation of biological structures, have been 
developed. These include digitally recorded interference microscopy with automatic 
phase-shifting (DRIMAPS) [15, 16], quantitative phase imaging (QPI) using the 
transport-of-intensity equation [17, 18], and digital holography (DH) [19-21]. This 
approach has been implemented in combination with phase shifting interferometry 
[22], and has been adapted for quantitative phase imaging of biological cells [23-25]. 

(1)Df = 2pd (n  - n )/l, c m
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In order to study these mechanical modifications, core researchers at LBRC have 
investigated membrane fluctuations in Pf-RBCs using diffraction phase microscopy 
[42]. Thermally driven membrane fluctuations in Pf-RBCs are strongly correlated with 
the material properties of cell membranes, which are significantly modified by the 
specific proteins exported by parasites during developmental stages. The obtained 
instantaneous displacement map of cell membrane fluctuation, ∆h(x,y,t), was used to 
determine in-plane shear modulus G (Figure-2) of RBC through the Fourier-
transformed Hamiltonian (strain energy) and equipartition theorem [42, 43]. We have 
determined the shear modulus value for healthy (G = 5.5 ± 0.8 mN/m), ring (G = 15.3 ± 
5.4 mN/m), trophozoite (G = 28.9 ± 8.2 mN/m) and schizont (G = 71.0 ± 20.2 mN/m) 
stages of RBC, and found them in good agreement with those inferred from large-
deformation stretching measurements using optical tweezers [44]. 

(ii) Metabolic Remodeling of Human RBC Membrane: Using DPM, LBRC has 
conducted a conclusive study that established that the presence of adenosine 5’-
triphosphate (ATP) facilitates non-equilibrium dynamic fluctuations in the RBC 
membrane, which are highly correlated with the biconcave shape of RBCs [45]. To 
quantitatively measure the effect of ATP on RBC morphology (see Figure-3 (A-D)), we 
first measured the mean cell height by time-averaging h(x,y,t) for a given cell. When 
ATP was depleted, for both the irreversibly and the metabolically depleted groups, we 
observed a loss of biconcave shape and echinocyte shape transformation. 

Reintroducing ATP resulted in the recovery of the biconcave shape. This study shows 
that ATP is crucial to maintaining the biconcave shape of RBCs. To probe dynamic 
membrane fluctuations, we analyzed the membrane displacement map by subtracting 
the averaged shape from the cell thickness map (see Figure-3 (E-H)). Compared to 

(i) RBC mechanics during malaria infection: One of the studies is related to studying 
RBC biomechanical properties during malaria infection. Malaria is a vector-borne 
disease caused by a protozoan parasite. Every year, it causes several million deaths 
worldwide, especially of young children in South Africa [36]. When the malaria 
parasite Plasmodium falciparum (P. falciparum, Pf) invades a red blood cell (RBC), it 
causes significant mechanical changes to its host. Two major mechanical 
modifications are the loss of RBC deformability [37-39] and increased cytoadherence 
of the invaded RBC membrane to vascular endothelium and other RBCs [40]. These 
changes lead to the sequestration of RBCs in the microvasculature at the later stages of 
parasite development, which is linked to vital organ dysfunction in severe malaria. 

Figure-1: Diffraction phase microscopy. VPS, virtual source point; G, 
grating; IP, image plane; L  lenses (f , respective focal distances); SF, 1,2 1,2

spatial filter (expanded in the inset). [35]

Figure-2: In-plane shear modulus of the RBC membrane versus 
developmental stage of Pf-RBCs. Also shown for comparison are the values 

estimated using optical tweezers. [41]

Figure-3: Effects of ATP on morphology and dynamic fluctuation in the RBC 
membrane. Topography of a healthy RBC (A), an ATP-depleted RBC (irreversible-ATP 
group) (B), metabolic -ATP group (C), and an RBC with recovered ATP level (+ATP 
group) (D), respectively. (E-H), Instantaneous displacement maps of the membrane 
fluctuations in Figures 1A-D, respectively. The scale bar is 2 mm. The colorbar scales 

are in mm and nm, respectively. [46]
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micropipette aspiration and optical tweezers.

(iv) Biomechanics of RBCs During Sickle Cell Disease: It should be noted that the 
measurement of the red cell biophysical properties using transmission-type QPM 
instruments such as DPM is affected by the refractive index differences of individual 
cells. Normally an average value is assumed for the whole population under study. In 
our recent study, we have improved the accuracy of such measurements by breaking 
down blood samples of sickle patients into four density categories (I-IV) that allows for 
more accurate characterization of cellular biophysical properties. Through 
collaboration with Massachusetts General Hospital (MGH) and University of 
Pittsburgh, we have investigated blood samples from patients who were on and off 
Hydroxyurea (HU) treatment – an FDA approved drug to treat patients suffering from 
sickle cell disease. 

In this study, we managed to show the beneficial effects of the HU treatment on a range 
of biophysical properties even under normoxic condition. Our study further concluded 
that the measured biophysical parameters such as the shear modulus of sickle RBCs 
correlates with clinically measured mean cell volume (MCV) value (see Figure-5) 
rather than most believed fetal hemoglobin levels, which provides insight on long-
debated mechanism of HU treatment in sickle cell patients [49].

3. THREE-DIMENSIONAL CELLULAR IMAGING

As mentioned earlier, the measured phase in DPM couples both the physical path 
length as well as sample refractive index. LBRC researchers have also developed 
methodologies to decouple physical height from refractive index. This separation 
allowed quantitative 3D mapping of the refractive index within a biological sample – 
we call this method tomographic phase microscopy (TPM) [50-54].

healthy RBCs, the fluctuation amplitudes were decreased in both ATP-depleted 
groups. Reintroducing ATP also increased the membrane fluctuation amplitudes to 
healthy RBC levels. We calculated the root-mean-squared (RMS) displacement of the 
membrane fluctuations. For healthy RBCs, it was equal to 41.5 ± 5.7 nm. Fluctuations 
significantly decreased to 32.0 ± 7.8 nm and 33.4 ± 8.7 nm in both the irreversibly and 
the metabolically ATP-depleted groups, respectively. However, the fluctuations in the 
ATP repleted group returned to the level of healthy RBCs (48.4 ± 10.2 nm).

(iii) Measurement of RBC mechanics during morphological changes: In this study, 
LBRC researchers have used DPM to study the dynamics of RBCs (see Figure-4 (A-C)) 
in different morphological states [47]. From the measurements of instantaneous 
fluctuations (Figure-4 D-F) of RBC membranes, we extract the mechanical properties 
of the composite membrane structure, by correlating height fluctuations at two points 
on the membrane separated by an angle g and time difference t in thermal equilibrium. 

Using the fluctuation-dissipation theorem, we find that the correlation function in the 
frequency domain is                                                   where       is the Legendre 
polynomial of the   -th order and         is the out-of-plane response function. The 
parameters extracted from the fit are shown in Figure-4 (G-H). The extracted bending 

-7modulus increases significantly during the DC-EC-SC transition (p < 10 ). Their mean 

values are 6.3±1.0 (DC), 11.9±2.5 (EC), and 23.8±4.1 (SC) in units of k  T. These B

values are in general agreement with those expected for a phospholipid bilayer (5-
20)×k  T. The increase in bending modulus suggests changes in the composition of the B

lipid membrane. The fitted shear moduli are 6.4±1.4 (DC), 10.7±3.5 (EC), and 
-112.2±3.0 (SC) in µNm . These values are consistent with earlier work based on 

Figure-4: (A-C) Red blood cells (RBCs) in three different morphologies and (D-
F) corresponding instant displacement maps (colorbar in nm). (G) Shear 
moduli of DCs, ECs, and SCs with their mean values represented by the 

horizontal lines. (H) Bending modulus of three groups [48]

Figure-5: (a) Shear modulus of sickle RBCs grouped based on (a) mean cell volume 
(MCV) and (b) HbF concentration. “Low” and “High” in these figures represent 

MCV values relative to the median MCV value for all patients [49].
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(i) 3-D imaging of malaria-infected red blood cells: Recently, LBRC researchers have 
applied TPM to study the disease states of malaria-infected red blood cells by mapping 
three-dimensional distributions of refractive index [42]. In Figure-7, the refractive 
index maps of Pf-RBCs show the morphological alterations to the host RBCs and the 
structures of the vacuoles of parasites. In addition, refractive index was also translated 
into quantitative information about the hemoglobin (Hb) content of individual Pf-
RBCs. During the intraerythrocytic stages of P. falciparum, we show the decrease of 
both the total amount and the concentration of Hb in the cytoplasm of Pf-RBCs. Images 
in the horizontal rows show refractive-index maps at three different cross-sections: 0.6 
m above the focused plane (Top); at the focused plane (Middle); and 0.6 m below the 
focused plane (Bottom). While healthy RBCs show homogeneous distribution of 
refractive index, Pf-RBCs are not optically homogeneous. Many factors contribute to 
refractive index change: the vacuole of the parasite occupies a fraction of the volume of 
the RBC’s cytoplasm; Hb is metabolized and converted into hemozoin crystal in the 
parasite membrane; and various parasite proteins are exported from the parasite into 
the RBC’s cytoplasm. 

(ii) Long-term cell growth studies: Long-term observation of biological specimens is 
critical in many applications, such as monitoring the growth of malaria parasites in 
host red blood cells and cell cycle studies. Label-free and 3-D imaging capability of 
TPM makes it highly appropriate for the long-term observation of biological 
specimens because it is free from artifacts of the exogenous agents – invasiveness, non-
uniform binding and temporal degradation of signals. 

We have incorporated a flow chamber in our angle scan TPM, adopted a syringe-pump 
based system for continuous flow of pre-equilibrated conditioned medium through a 
sample, and maintained temperature of the entire system using chamber-embedded or 
externally equipped resistance heaters. With these modifications, we have been able to 
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3.1 Angle-scan Tomographic Phase Microscopy (TPM)

Figure-6 shows a TPM setup based on a Mach-Zehnder heterodyne interferometer, 
which provides quantitative phase images via time-dependent interference patterns 
induced by frequency-shifting a reference beam relative to the sample beam. A 
galvanometer-mounted tilting mirror is used to vary the angle of illumination on the 
sample, which is positioned between the oil-immersion condenser and objective 
lenses. In the reference arm, two acousto-optic modulators (AOMs) are used to shift 
the frequency of the laser beam by 1,250 Hz. For each angle of illumination a high-
speed complementary metal-oxide semiconductor (CMOS) camera (Photron 1024 
PCI) records 4 interference images at 5,000 frames/sec such that the sample-reference 
phase shift between consecutive frames is p/2. Phase images are then calculated by 
applying the algorithm of phase-shifting interferometry.

We have also implemented optical diffraction tomography for the high-resolution, 
diffraction-free imaging of a biological cell [55]. Video-rate TPM has been achieved 
using spatial modulation [56] and used to examine changes in the refractive index of 
HeLa cells treated with acetic acid. In addition, we have developed a compact TPM 
design, which can be developed into an add-on module to be connected with standard 
microscopes to enable 3-D cellular imaging [53].

3.2 Key Applications of TPM

The following will highlight some of the key studies conducted using TPM, 
emphasizing the relevance of this technique in biology. 

Figure-6: Tomographic phase microscope. (a) Experimental set-up: BSi, ith beam 
splitter; GM, galvo mirror; Li, ith lens. (b) Tomographic reconstruction of a HeLa cell: 
cell boundary (transparent blue), nuclear boundary (red surface), and nucleolus (green 
ball) are clearly distinguished. (c) Cross-section of the 3-D refractive index map, which 

reveals detailed structures in the cytoplasm. [50, 52]
Figure-7: 3-D refractive index maps of Pf-RBCs reveal the structural modifications 

and the hemoglobin concentration of cytoplasm. (A) Healthy RBC. (B) Ring stage. (C) 
Trophozoite stage. (D) Schizont stage. Black arrows indicate the location of P. 

falciparum, and the gray arrows the location of hemozoin. (Scale bar, 1.5 mm). [41]
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demonstrate long-term (10 hours or more) tomographic imaging of cell cycle 
dynamics [57]. Figure-8 shows the images of mouse lymphoblast cells dividing at T = 0 
hr, growing and dividing again after about 12 hours. The color value indicates the areal 
density, the integral of which is the dry mass or the mass of non-aqueous contents 
within a cell.

4. CONCLUSIONS

Optical imaging and spectroscopy tools serve best to study biological cells and tissue as 
they provide structural and functional information about the samples under study with 
high sensitivity. Quantitative phase microscopy (QPM) is particularly promising as it 
enables label-free imaging of live cells without prior preparations. The LBRC has been 
a leader is developing novel optical tools for biomedical applications. We have 
developed many generations of QPM systems over the years and found their 
application in a number of biological studies such as biomechanics of malaria infected 
host red blood cells and long-term cellular imaging during cell cycle.

REFERENCES

1. Vo-Dinh, T., 2003. Biomedical Photonics Handbook. Boca Raton, Florida: CRC 
Press.

2. Freudiger, C. W., Min, W., Holtom, G. R., Xu, B. W., Dantus, M., and Xie, X. S., 
2011. "Highly specific label-free molecular imaging with spectrally tailored 
excitation-stimulated Raman scattering (STE-SRS) microscopy," Nature 
Photonics, vol. 5, pp. 103-109.

3. Bohren, C., and Huffman, D., 1983. Absorption and scattering of light by small 

146

particles. New York: Wiley-Interscience.
4. Zernike, F., 1942. "Phase contrast, a new method for the microscopic observation 

of transparent objects - Part I," Physica, vol. 9, pp. 686-698.
5. Zernike, F., 1942. "Phase contrast, a new method for the microscopic observation 

of transparent objects - Part II," Physica, vol. 9, pp. 974-986.
6. Allen, R. D., David, G. B., and Nomarski, G., 1969. "The zeiss-Nomarski 

differential interference equipment for transmitted-light microscopy," Z Wiss 
Mikrosk, vol. 69, pp. 193-221.

7. Yang, C. H., Wax, A., Georgakoudi, I., Hanlon, E. B., Badizadegan, K., Dasari, R. 
R., and Feld, M. S., 2000. "Interferometric phase-dispersion microscopy," Optics 
Letters, vol. 25, pp. 1526-1528.

8. Huang, D., Swanson, E. A., Lin, C. P., Schuman, J. S., Stinson, W. G., Chang, W., 
Hee, M. R., Flotte, T., Gregory, K., Puliafito, C. A., and Fujimoto, J. G., 1991. 
"Optical coherence tomography", Science, vol. 254, pp. 1178-1181.

9. Hitzenberger, C. K., and Fercher, A. F., 1999. "Differential phase contrast in optical 
coherence tomography," Optics Letters, vol. 24, pp. 622-624.

10. Choma, M. A., Yang, C. H., and Izatt, J. A., 2003. "Instantaneous quadrature low-
coherence interferometry with 3 x 3 fiber-optic couplers," Optics Letters, vol. 28, 
pp. 2162-2164.

11. Dave, D. P., Akkin, T., Milner, T. E., and Rylander, H. G., 2001. "Phase-sensitive 
frequency-multiplexed optical low-coherence reflectometery," Optics 
Communications, vol. 193, pp. 39-43.

12. Akkin, T., Davé, D. P., Milner, T. E., and Rylander, H. G., 1973. "Detection of neural 
activity using phase-sensitive optical low-coherence reflectometry," Physiol. Rev, 
vol. 53, pp. 373-418.

13. Fang-Yen, C., Chu, M. C., Seung, H. S., Dasari, R. R., and Feld, M. S., 2004. 
"Noncontact measurement of nerve displacement during action potential with a 
dual-beam low-coherence interferometer," Optics Letters, vol. 29, pp. 2028-2030.

14. Choma, M. A., Ellerbee, A. K., Yang, C., Creazzo, T. L., and Izatt, J. A., 2005. 
"Spectral-domain phase microscopy," Optics letters, vol. 30, pp. 1162-1164.

15. Dunn, G. A., and Zicha, D., 1995. "Dynamics of fibroblast spreading," Journal of 
Cell Science, vol. 108, p. 1239.

16. Dunn, G. A., Zicha, D., and Fraylich, P. E., 1997. "Rapid, microtubule-dependent 
fluctuations of the cell margin," Journal of Cell Science, vol. 110, p. 3091.

17. Gureyev, T. E., Roberts, A., and Nugent, K. A., 1995. "Partially coherent fields, the 
transport-of-intensity equation, and phase uniqueness," Journal of the Optical 
Society of America A, vol. 12, pp. 1942-1946.

18. Gureyev, T. E., Roberts, A., and Nugent, K. A., 1995. "Phase retrieval with the 
transport-of-intensity equation: matrix solution with use of Zernike polynomials," 
Journal of the Optical Society of America A, vol. 12, pp. 1932-1942.

19. Goodman, J. W., and Lawrence, R. W., 1967. "Digital image formation from 
electronically detected holograms," Applied Physics Letters, vol. 11, p. 77.

20. Cuche, E., Bevilacqua, F., and Depeursinge, C., 1999. "Digital holography for 
quantitative phase-contrast imaging," Optics Letters, vol. 24, pp. 291-293.

21. Cuche, E., Marquet, P., and Depeursinge, C., 1999. "Simultaneous amplitude-

147

Figure-8: Time-lapse imaging of growth and division of mouse lymphoblast L1210 
cells. At T=0, a L1210 cell is divided into two. They grow, and then divide in 

around 12 hours after the first division. The color value indicates the areal density 
of dry mass, and the numerical values the cells’ dry masses. [57]



demonstrate long-term (10 hours or more) tomographic imaging of cell cycle 
dynamics [57]. Figure-8 shows the images of mouse lymphoblast cells dividing at T = 0 
hr, growing and dividing again after about 12 hours. The color value indicates the areal 
density, the integral of which is the dry mass or the mass of non-aqueous contents 
within a cell.

4. CONCLUSIONS

Optical imaging and spectroscopy tools serve best to study biological cells and tissue as 
they provide structural and functional information about the samples under study with 
high sensitivity. Quantitative phase microscopy (QPM) is particularly promising as it 
enables label-free imaging of live cells without prior preparations. The LBRC has been 
a leader is developing novel optical tools for biomedical applications. We have 
developed many generations of QPM systems over the years and found their 
application in a number of biological studies such as biomechanics of malaria infected 
host red blood cells and long-term cellular imaging during cell cycle.
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films. Since GaAs, InGaAs, and InGaP can be lattice matched to germanium (Ge), the 
current state-of-the-art CPV cells are fabricated on Ge substrates.

The design of a multi-junction solar cell fabricated in germanium and III-V 
semiconductors is shown in Figure-5. As can be seen, it consists of three 
semiconductor junctions. The bottom junction is in Ge substrate, with a bandgap of 
0.65 eV. This junction captures the red spectrum of the sunlight. The middle junction is 
fabricated in InGaAs with 1.4 eV bandgap. It captures the green solar spectrum. The 
top junction captures the blue solar spectrum and is fabricated in InGaP with 1.86 eV 
bandgap. 

consists of solar modules (not visible in the picture) and mechanical system for Sun 
tracking.

A CPV solar cell module is shown in Figure-2. It consists of multi-junction solar cells 
and Fresnel lens to focus sunlight onto the solar cell. A CPV solar cell (MJSC) shown in 
Figure-3 has 4mm x 4mm dimensions. However, the size of CPV cell can be as small as 
1mm x 1mm. In the next few sections, we will discuss design and fabrication of MJSC.

3. MULTI-JUNCTION SOLAR CELL DESIGN

The multi-junction solar cell is fabricated by growing thin films of compound 
semiconductor on a lattice matched substrate. As shown in Figure-4, the lattice 
constant and bandgap of III-V semiconductor films depend on the composition of the 

 Figure-1: A CPV solar tracking system, consisting of solar cell modules, 
optical lenses and mechanical components. The tracking system keeps the 

solar cells in the direction of the sun during the day.

Figure-2: A CPV solar cell module. Fresnel lens array is used to focus 
sunlight onto multi-junction solar cells۔

Figure-3: A multi-junction CPV solar cell. The typical cell size is 4mm x 4mm. 
The efficiency of these cells can be as high as 46%.

Figure-4: Lattice constant vs. bandgap of semiconductors used to 
fabricate multi-junction solar cells.
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well-developed technique to fabricate good-
quality semiconductor devices. An MOCVD system 
consists of a reactor and a gas distribution system. 
M e t a l  o r g a n i c  p r e c u r s o r s ,  s u c h  a s  
trimethylgalliam and trimethylindium, are used as 
source material for gallium and indium, 
respectively. Since these source materials are 
expensive the MOCVD reactor designs have been 
improved to utilize these precursors more 
efficiently. The gas distribution of one such reactor 
design is shown in Figure-8 [1].

Traditional vertical-flow reactor requires high gas 
flow for uniformity. However, much of the gases 
flow straight to the exhaust. Curved top-wall 
reactor eliminates inefficient use of gases.

Another MOCVD reactor design with efficient utilization of precursors is shown in 
Figure-9. This design uses a close-spaced, showerhead-type gas distribution system. 
The showerhead consists of a large number (several hundred) of gas-distribution 
holes. The reactant gases flow vertically to imping on the substrate, which is placed 
approximately one centimeter below the showerhead. Since the showerhead is very 

Figure-6 shows the solar spectrum and the portions of the spectrum converted to 
electricity by the three solar cell junctions. The efficiency of this solar cell is high 
because most of the solar spectrum is converted to electric energy.

The improvement in the efficiency of multi-junction solar cell over the years is shown 
in Figure-7. The efficiency has increased from approximately 32% in year 2000 to 46% 
in 2015. It is expected that the efficiency will soon reach 50% mark.

4. MULTI-JUNCTION SOLAR CELL FABRICATION TECHNIQUES

4.1 MOCVD Technique

The multi-junction solar cell can be fabricated by MOCVD method. The MOCVD is a 

Figure-6: Air mass 1.5 solar spectrum and the portions absorbed by various solar 
junctions in a multi-junction solar cells. 

Figure-5: Epitaxial structures in a multi-junction (three 
junction) CPV solar cell fabricated on Ge substrate.

Figure-7: Progress in efficiency of 
the CPV solar cell 

Figure-8: Reactor design to utilize gases more 
efficiently.

Figure-9: MOCVD reactor with closed spaced showerhead reactor. 
The system uses a stainless steel, water-cooled reactor.
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opressure of GaCl  and AlCl  at 70-100 C is between 7 and 10 Torr [5]. Since InCl  has 3 3 3

high melting/sublimation point compared to other chlorides, its bubbler temperature 
omay be as high as 360 C to obtain a vapor pressure of one Torr [7]. If such a high 

bubbler temperature is not desirable then a metal-organic source can be used for 

indium precursor, making the system a hybrid of HVPE and MOCVD.

The modified HVPE system uses only one reactor. This is because the precursors can 
be easily switched to grow InGaAs and InGaP (similar to MOCVD process), 
simplifying the reactor design by eliminating the need to transfer the substrate 
between the two chambers and to use inert gas curtains to reduce cross 
contamination.

The use of solid source in this modified HVPE process reduces the precursor cost 
(greater than 80%) compared to MOCVD system that uses expensive metalorganics 
[6]. Therefore, the modified HVPE system is suitable for solar cell research and 
development in university laboratories.

The schematic diagram of the modified-HVP system is shown in Figure-11. The system 
consists of three bubblers for GaCl , InCl , and AlCl  precursors and a single reaction 3 3 3

chamber (not shown). The bubblers are kept at appropriate temperature to generate 
desired vapor pressure of precursors. The precursor lines are kept at suitable 
temperature to avoid condensation. The system uses only one reaction chamber (not 
shown) that can be made from stainless steel with configuration similar to that shown 
in Figure-9. The substrate is placed on a heated susceptor, which can be rotated for 
uniform deposition as is typically done in MOCVD system. The chamber wall is 
maintained at high enough temperature to keep the precursors from condensing on 
the wall, but at low enough temperature to prevent any film deposition on the reactor 
wall.

close to the hot substrate surface, it must be cooled by using some mechanism to 
prevent any gas phase parasitic reaction in the showerhead.

A reactor with showerhead offers a high source gas utilization efficiency, suppresses 
thermal convection and improves the growth rate uniformity. The reactor operates in a 
stagnation-point mode and gives a uniform film growth [2]. For further improvement 
in the film thickness uniformity, the substrate can be rotated during deposition. 

4.2 HVPE Technique

Hydride Vapor Phase Epitaxy (HVPE) is a thermodynamic equilibrium growth 
technique that uses elemental metals to grow III-V compound semiconductor films. 
Since HVPE process uses less expensive source materials, this technique is attractive 
for low-cost production of CPV solar cells. Such a system has been used to fabricate 
multi-junction solar cell structures [3]. 

Schematic diagram of the system is shown in Figure-10. It consists of two vertical 
reaction chambers; one for the growth of InGaAs and the other for InGaP. The 
substrate is shifted between two chambers to grow different materials. The chambers 
are separated by high-velocity inert gas “curtains” to prevent cross contamination 
between the chambers [4].

A further improvement in HVPE process can be made by using chlorides of gallium 
(GaCl ), indium (InCl ), aluminum (AlCl ) etc. as starting materials instead of 3 3 3

generating them in situ as done in a standard HVPE equipment. This approach is 
similar to MOCVD process except that less expensive precursors are used.

The solid GaCl , AlCl , and InCl  are converted to gaseous form by heating the 3 3 3

containers and passing hydrogen or helium carrier gas through them. The vapor 

Figure-10: Schematic of the HVPE system. The system consists of two 
chambers, one for the growth of InGaAs and the other for InGaP.

Figure-11: Schematic diagram of modified HVPE system that uses trichlorides 
of gallium (GaCl ), indium (InCl ) and aluminum (AlCl ). The system uses one 3 3 3

reaction chamber (not shown).
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Arsine and Phosphine gases are used for arsenic and phosphors source to grow GaAs, 
AlInP, InGaAs, and InGaP epitaxial films to fabricate solar cells.

The reaction for deposition of GaAs using solid GaCl  may be given by Eq. (1). This 3

represents the case when AsH  is dissociated (cracked) to give Arsenic (As) before 3

reaching the substrate surface. Similar reactions can be described for the growth of 
AlAs, InGaAs, and InGaP films.

4GaCl (g) + 6H  + As   Z 4GaAs + 12HCl        (1)3 2 4

It has been pointed out that the growth rate of GaAs increases if un-cracked AsH  3

reaches the substrate surface to react directly with GaCl  [8]. This feature can be 3

utilized in the modified HVPE to increase the growth rate, enhance the utilization 
efficiency of precursors, and reduce the production cost of multi-junction solar cells. 
The proposed system is especially suitable for solar cell research projects in a 
university laboratory.

5. CONCLUSIONS

Concentrated photovoltaic (CPV) uses high efficiency multi-junction solar cells, 
optical lenses, and solar tracker to lower the cost of solar electric energy. Various 
techniques for fabrication of multi-junction solar cell are discussed. The MOCVD 
technique currently used to fabricate solar cells has high production cost due to 
expensive source materials needed in the process. Hydride Vapor Phase Epitaxy 
(HVPE) is a low-cost process more suitable for solar cell production. It uses less 
expensive precursors compared to that used in MOCVD.

An improved HVPE system suitable for solar cell research in a university laboratory is 
presented. The proposed system uses low-cost precursors (GaCl , InCl , AlCl ) to 3 3 3

fabricate solar cell structures, reducing the operating cost of research projects. 
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ABSTRACT

Photoluminescence (PL) spectroscopy as a non-destructive method has been used to 
evaluate the photo-electrodes based on La-TiO  nanorods grown on fluorine-doped tin-2

oxide coated glass substrate by low temperature hydrothermal method. Two different 
excitation energies are chosen to verify the discrete electronic states of radiative 
recombination centers in nanorods. The room temperature photoluminescence spectra of 
La-doped TiO  nanorods show the effect of doping concentration on the luminescence 2

emission intensity of some emission peaks compared with the undoped TiO  nanorods. 2

The results show that La-doping of nanorods does not lead to a new PL signal, but it can 
change the intensity of the PL spectra as a result of variation in the content of surface 
oxygen vacancies and defects. 

1. INTRODUCTION

Photoluminescence spectroscopy (PL) is a nondestructive contactless method for 
investigation of electronic structure of semiconductor nanomaterials. It provides 
information on many fundamental properties of semiconductors, including band gap 
determination, impurity levels, defect detection, and recombination mechanisms [1]. 
Titanium dioxide (TiO ) is one of the most important wide band gap semiconductor 2

material which has widespread scientific and industrial applications in photovoltaic 
and photochromic devices, photocatalysis, water splitting, sensors and lithium ion 
batteries [2,3]. Its high optical band gap (3.2 eV for anatase and 3.0 eV for rutile 
phases) allows us to utilize it as a visible blind absorber in UV photodetectors. It is 
believed that single crystal one dimensional nanomaterials compared to random 
network of nanoparticles should increase the electron transport rate and improve the 
performance of optoelectronic devices [4]. Doping is a kind of modification method 
that can change the electronic properties of material in order to alter its optical and 
electrical properties. Modification of TiO  nanomaterials by doping could extend the 2

light absorption toward the visible wavelength region. Due to superior properties of 
TiO  nanorods, doping them with metal elements (Eu, Sn, Nb, Mg, and La) by 2

hydrothermal method is investigated for enhanced charge transport in solar cells [5- 
9]. Although, Sadhu and Poddar [9] investigated optoelectronic properties of La- 
doped TiO  nanorod arrays for photoelectrochemical application, they did not report 2

chemical composition and surface states.
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nanorods. Comparing the diameter, length, and aspect ratio of the undoped and La- 
doped TiO  nanorods indicates that doping reduces both size and aspect ratio of 2

nanorods grown on FTO substrate by hydrothermal method at 180 ºC.

The X-ray photoelectron spectroscopy was performed to confirm the existence of La 
dopant on the surface of TiO  nanorods. Figure-2 shows the XPS survey spectrum of 0.4 2

mol % La- doped nanorods that consist of C 1s, Ti 2p, O 1s sharp peaks and La 3d peaks 
(Figure-2 (b)). According to XPS measurement, at a higher lanthanum dopant 
concentration (0.6 mol %), the La peak disappeared that indicates its absence on the 
surface of nanorods. In general, the ionic radius is the most important parameter, 
which can strongly influence the ability of the dopant to enter into TiO  crystal lattice to 2

form a stable solid solution [9]. 

Figure-3 shows the photoluminescence spectra of undoped and La-doped TiO  2

nanorods with two different dopant concentrations. As mentioned in the previous 
research, the photoluminescence spectrum of TiO  nanorods depends on the excitation 2

energy [10]. So, the room temperature PL measurements were carried out with two 
different excitation energies of 4.96 and 3.26 eV. It was found that both pure and La-
doped TiO  nanorods exhibit obvious PL signal with similar curve shape, 2

demonstrating that La dopant did not result into new PL phenomena at room 
temperature, while the intensity of the PL spectra was influenced. The results show an 
obvious reduction in the PL emission intensity of 0.4 mol% sample and enhancement 
in PL spectra of 0.6 mol% La- doped nanorods. The emission peaks are centered 
around 1.6, 2.3, 2.4, 2.5, 2.7 , 2.8, and 2.9 eV. The near band gap emission of La-doped 
samples moved from 3.04 to 3.06 eV. In TiO  the oxygen vacancy levels are distributed 2

up to 1 eV lower than the conduction band edge. Therefore, the visible emission-peaks 
at around 2.8, 2.7, and 2.5 are due to the electron trapped in these oxygen vacancies 
[11-13]. Therefore, the observed change in PL intensity may be related to controlling 

This article reports photoluminescence investigation of La-doped TiO  nanorods 2

grown by hydrothermal method on fluorine-doped tin oxide coated glass. The effects of 
La content on X-ray photoelectron spectra (XPS) and photoluminescence spectra were 
investigated. 

2. EXPERIMENTAL

La-doped TiO  nanorods were synthesized on fluorine-doped tin-oxide (FTO) coated 2

glass substrates (15Ω/g; Solaronix) by the hydrothermal method. The FTO glasses were 
cleaned ultrasonically with acetone, ethanol, and deionized water, respectively. The 
reaction solution was prepared by mixing HCl, deionized water, titanium butoxide, 
and lanthanum nitrate hexahydrate (La (NO ) .6H O). The substrates were placed 3 3 2

horizontally with the conducting side up, into the reaction solution in Teflon lined 
autoclave. The reaction temperature during hydrothermal processes was kept 
constant at 180ºC for 4 hours. After synthesis, the autoclave was cooled down to room 
temperature naturally during 1 hour. Then, the samples were rinsed with deionized 
water and allowed to dry in ambient air. The samples were annealed for 30 minutes at 
450ºC.

The morphology of nanorods was characterized using a field emission scanning 
electron microscope (FESEM; Hitachi S-4166). The room temperature 
photoluminescence spectra of products were measured using a fluorescence 
spectrophotometer (Cary Eclipse). The surface composition and chemical states of the 
samples were examined by X-ray photoelectron spectrometer (XPS; BESTEC). The 

-10 base pressure was maintained at 0.75×10 Torr. Monochromatic Al Ka X-rays (1486.6 
eV) were employed as the excitation source operated at 10 kV. The binding energies 
were calibrated with respect to the C1s peak (285 eV). 

RESULTS AND DISCUSSION

Figure-1 shows the FESEM images (top view and cross section of La-doped TiO ) 2
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the content of the surface oxygen vacancy by La doping. 

Furthermore, the photovoltaic performance of La-doped TiO  nanorods grown on FTO 2

substrate as a photoanode of dye sensitized solar cells is measured to deepen our 
understanding of the existing correlation between radiative recombination process 
and photoelectric properties of nanorods. The results show a prominent improvement 
in one case and reduction in the other in photovoltaic performance of dye sensitized 
solar cells based on 0.4 mol% and 0.6 mol% La-doped TiO  nanorods photoelectrodes, 2

respectively. 
 
According to these measurments, the presence of La on the surface of 0.4 mol% doped 
nanorods, the lower intensity of PL emission peaks, and the higher photovoltaic 
performance (short cuircuit current and efficiency) may indicate the lower density of 
oxygen vacancies that act as a trap level for photoexcited electrons and radiative 
recombination centre. Formation of La O  particles in solution may be a reason for the 2 3

absence of La on the surface of 0.6 mol% sample that enhances the oxygen vacancies 
and related PL emission intensities [14]. 

4. CONCLUSIONS

La-doped TiO  nanorods were synthesized on FTO substrate by a hydrothermal 2

method. Doping and dopant concentration changed the intensity of 
photoluminescence spectra that is a measure of radiative recombination of electrons 
and holes. The results confirm the effectiveness of photoluminescence spectroscopy 
for evaluation of TiO  nanorods based photoelectrodes. 2

Figure-3: Photoluminescence spectra of TiO  nanorods doped with different content of La 2

with two different excitation energies of (a) 4.96 eV (250 nm); and (b) 3.26 eV (380 nm)
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ABSTRACT 

This report is about a research study of connecting a one Mega Watt photovoltaic (PV) 
power system plant to National Grid in Sudan. The work was motivated to help solve 
energy crisis due to lack of fossil fuel and to preserve the environment by providing clean 
energy. This study shows how to connect solar cell systems to the grid utility by using 
string inverters. Further, the definition of a functional solar cell, and components and 
types of solar power system including photovltaics is given, in addition to exploring the 
role of inverters in solar power plants. The designed station has a capacity of one Mega 
Watt, and added 30 % capacity as a reserve to compensate for a decrease in cell-efficiency. 
The plant has been divided into two stations each one with the capacity of 665 KW, 42 
units of 15 KW inverter and 3024 units of 220 watt/24 volts PV modules. Lastly, a 
simulation was made by using PV system programme. From the simulation it was 
inferred that the potential production of the plant in one year is 2,597 Mega Watts.

1. INTRODUCTION 

Meeting the developing countries’ rapidly growing electricity needs with due 
consideration towards the climate change and environment related concerns is a huge 
challenge.

The main  energy  resource  for  power  production  in  the  world  today  is fossil fuels. 
However, owing to their growing negative effects on climate change the use of fossil 
fuels must be reduced. Power  generation  using these is  globally  the  largest  source  
of  green-house gases and, hence, should be shifted to more renewable sources. There 
are a  lot  of  alternatives  to  fossil  fuels,  but  the  costs involved in  most  cases  are 
higher  than  those for conversion of  fossil  fuels. Solar power is often regarded as one 
of the most promising energy sources for the future.

Solar energy can be used in a number of ways. To use it for electricity generation the 
most common process is through solar photovoltaic (SPV). Solar PV cells have long 
been used to power small electronic devices, such as calculators. But large groups of 
solar PV cells can be added together, powering small solar panels for generation of 
electricity to be used in individual households as well as for feeding power directly into 
the electricity grid. Solar energy is the most available renewable energy in Sudan, 
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important design parameters, as well as shading from surrounding obstructions. 
(ii) Inverter: A power converter that 'inverts' the DC power from the panels into AC 

power. The characteristics of the output signal should match the voltage, 
frequency and power quality limits in the supply network.

(iii) Transformer: A transformer can boost up the AC output voltage from inverter 
when needed. Otherwise transformer-less design is also acceptable. 

(iv) Load: Stands for the network connected appliances that are fed from the inverter 
or, alternatively, from the grid. 

(v) Meters: They account for the energy being drawn from or fed into the local supply 
network. 

(vi) Protective Devices: Some protective devices are also installed, like under voltage 
relay, circuit breakers, etc., for controlling power flow from utility to SPV system. 

(vii)Other Devices: Other devices like DC-DC boost converter, and AC filter can also be 
used for better performance. 

5. GRID –CONNECTED INVERTERS TECHNOLOGY

There are different technologies and topologies available for grid-connected PV 
systems, which are categorized based on the number of stages of power generation. In 
PV plants, various technological concepts are used for connecting the PV array to the 
utility grid. Each technology has its advantages and disadvantages compared to the 
others, in terms of efficiency and maximum power point tracking.

5.1 Classification of Inverter Configurations

Generally, there are several classifications for inverter configurations with respect to 
the number of stages of power generation. According to this classification, all the 
configurations can be divided into three classes [1]:

• Single-stage inverters;
• Dual-stage inverters; and
• Multi-stage inverters.

which is regarded as one of the countries with high insolation (7 KWh/m²/day).

Photovoltaic systems are solar energy supply systems which convert sunlight directly 
to electricity. The chief component in PV systems is the solar panel, which is formed by 
connecting several PV cells. Putting together several PV cells thus forms a PV module; 
several modules form arrays and several arrays form panels. The modular nature of PV 
cells makes it possible for them to be used for a wide range of power-related 
applications ranging from a few milli-watts in wrist watches and scientific calculators 
to several megawatts in central power stations. Solar cells are usually made of 
semiconductor materials such as silicon, gallium arsenide, etc.

Solar cells come in two major forms based on the nature of the material used in their 
production. The two main forms are crystalline solar cells and thin film solar cells. 
Crystalline solar cells, so far, have the highest conversion efficiencies when it comes to 
photovoltaic cells and the main types are monocrystalline and polycrystalline cells. 
Thin film cells, although less efficient than crystalline silicon, offer greater promise for 
large-scale power generation because of ease of mass-production and lower materials 
cost. 

Photovoltaic systems can be divided into two main groups; namely off-grid systems 
and grid-connected systems.

2. OBJECTIVES

The objectives of this research are:

• Design and analysis of 1 MW PV system;
• Feeding grid utility by 1 MW photo voltaic energy;
• Installing the string inverters in one power plant station;
• Making a good system protection when solar cells are connected to utility grid.

3. METHODOLOGY

The methodology of this research is based on study, designing and analysis of grid-
connected one mega watt solar PV system using PV programming system. The 
framework used is to obtain the objectives of this research, divide the PV power plant 
to two stations, and use string inverters in the station.

4. BASIC COMPONENTS OF GRID-CONNECTED PV SYSTEM WITHOUT 
BATTERY

The basic grid-connected PV system design has the following components (Figure-1):

(i) PV Array: A number of PV panels connected in series and/or in parallel giving a DC 
output using the incident irradiance. Orientation and tilt of these panels are 

TRANSFORMER

Protective 
Device

Inverter
Utility

PV Array

Figure-1: Block Diagram of Grid-Connected PV System
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Instead of central inverters, in this topology the PV strings are connected to separate 
inverters. If the voltage level before the inverter is too low, a DC-DC converter can be 
used to boost it. For this topology, each string has its own inverter and, therefore, the 
need for string diodes is eliminated leading to total loss reduction of the system.

The configuration allows individual Maximum Power Point Tracking (MPPT) for each 
string; hence the reliability of the system is improved due to the fact that the system is 
no longer dependent on only one inverter compared to the central inverter topology 
[5]. The mismatch losses are also reduced, but not eliminated.

This configuration increases the overall efficiency when compared to the centralized 
converter, and it will reduce the price, due to possibility for mass production [4, 6]. The 
photovoltaic modules in the given topology are linked in a structure whereby they end 
up forming a string; the voltage from the PV array ranges between 150-450 V [7].

6. CONDITIONING FOR GRID INTERFACING 

There are some conditions to be satisfied for interfacing or synchronizing the SPV 
system with grid or utility. If proper synchronizing is not done then SPV potential 
cannot be fed to the grid. The conditions for proper interfacing between two systems 
are:

• Phase sequence matching;
• Frequency matching;
• Voltage matching.

For single-stage inverters, the maximum power point tracking and control loops 
(current and voltage control loops) are handled all in one stage (Figure-2a). For dual-
stage inverters, the maximum power point tracking is handled by additional DC-DC 
converter in between the PV panels and inverter, and control loops are applied to the 
inverter (Figure-2b). For multi-stage inverters, a DC-DC converter takes care of the 
maximum power point tracking control of each string and one control inverter 
handles the control loops (Figure-2c) [2, 8].

Despite these classifications for grid connected PV systems for commercial 
applications, there are four acceptable configurations [9]:

• Centralized inverter (Figure-3a) [8,5,6];
• String inverter (Figure-3b);
• Multiple string inverters (Figure-3c) [4,5,6];
• Module integrated inverter (Figure-2d) [4,5].

5.2 String Inverters

The present technology consists of the string inverters and the AC module. The string 
inverter, shown in Figure-3b, is a reduced version of the centralized inverter, where a 
single string of PV modules is connected to the inverter. The input voltage may be high 
enough to avoid voltage amplification [4]. This configuration emerged on the PV 
market in 1995 with the purpose of improving the drawbacks of central inverters.

Grid Current Control AC gridPV Array

MPTT Grid Current Control AC gridPV Array

MPTT Grid Current Control AC grid
String

(a)

(b)

(c)

Figure-2: Different Configurations of Inverters: (a) Single-stage Inverter, (b) Dual-stage 
Inverter, and (c) Multi-stage Inverter

Figure-3: PV Grid Connected Systems Configurations a) Central Inverters;
b) String Inverters; c) Multi-String Inverters; d) Module Inverters [5]
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9. SYSTEM CALCULATIONS

From mathematical calculations and PV system computer programming, we find that 
a 1.3 MW solar photovoltaic power plant can be developed on 7,937 m² chosen area. 
Corresponding system sizing and specifications are provided along with the system 
design. For the 1.3 MW plant, the required number of PV modules = (1330560/220) = 
6,048 (according to system connection we chose 1,330,560, because it gives suitable 
design). 6,048 PV 220 W modules are divided into two stations. In each station 3,024 
solar PV modules are connected in series and parallel to give suitable voltage and 
current to 42 units of 15 KW inverters. 

9.1 System Layout

The plant, divided in two stations, contains 3024 units of 220 W PV modules connected 
together to build a PV array. The PV array includes  18 PV modules fixed on one steel 
rack (3 modules installed length-wise to avoid high head of the rack to minimize 
North-South area between each rack and the six modules  installed in width (East-
West direction)).

In all, fourteen  rows are installed in North-South direction and 12 coulmns of  PV 
racks are installed in East-West direction. The Figures-5,6 below show the layout and 

6.1 Possible Effect of Grid-connected PV Systems on Distribution Systems

• Inrush Current [10];
• Safety [11];
• Over-voltage [1];
• Output power fluctuation [4];
• Harmonics [5];
• Frequency fluctuation [6].

7. SYSTEM DESIGN

Grid-connected PV systems can be designed in various ways, such as with battery, 
without battery, with or without transformer, etc [7]. Here without battery grid 
interconnected system is used because of short life time, large replacement cost, and 
increased installation cost of batteries. A transformer is used for boosting the AC 
output voltage and feeding to grid (Figure-4).  

8. DESCRIPTION OF THE ACTIVITY

The solar power plant is planned to be situated in Khartoum. The plant will cover the 
2ground area of 24,237.65 m  (5.8 acre). The plant rated capacity is 1.3 MWp. The plant 

is divided into two stations; each station’s capacity is 665 KW.

Figure-5: 72 PV 220W Connected to 15 KW Three Phase Inverter

Figure-6: The Location of Inverter and TransformerFigure-4: Grid-connected PV System Scheme
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10. SYSTEM SIZING & SPECIFICATIONS

The system sizing and specifications for the 1 MW power plant units are shown below:

10.1 Site Information:

The proposed site for the plant is in Khartoum. Its coordinates are:

o                    Latitude : 15.6  N
o                    Longitude : 32.5  E

The Pulse Width Modulation (PWM) inverters are used here for suppressing the 
harmonics produced after DC to AC conversion. The calculation for finding the output 
voltage of the inverter is shown in the Tables 3 to 5 below:

181

map of racks installation. Figure-5 shows  solar  array racks connected to a 15 KW 
inverter in the  three inputs; each input of the inverter is connectd to 24 PV modules to 
give  657.4 V and 23.19 A .

Figure-6 shows the location of string inverters in the plant, in each station. The 
inverters mounted on backside of the PV modules and the output of 42 string  inverters 
are collected in one combinare box  (low voltage switch gear) and connected to 
synchornization circuit in the transformer station to  syncronize it with utility grid 
(Figure-7).

The final shape of its station is shown in Figure-8. 

Figure-7: Low Voltage Switch Gear

Figure-8: Station Layout

Plant Capacity 1.3 MW

Voltage Output 577 Volts DC

Current Output 1568 A DC 

No. of Modules 4761

Area 7937m2

Table-2: Solar Photovoltaic Power Plant Specifications

Power 15 kW

Input DC voltage 200 – 800 V 

Input DC current 25 A

Output AC voltage 415 V

No. of Phases 3-f

Type PWM (for suppressing 3rd harmonics

Efficiency Almost 90-98%

Total harmonic distortion < 5%

Table-3: Inverter Specifications

KVA rating 630KVA 

No. of phases 3-f

Frequency rating 50 Hz 

Primary Voltage rating 220 Hz 

Secondary Voltage rating 415 V 

Efficiency Almost 95%

Extra features Air cooled 

Table-4: Transformer Specifications

Table-1: Grid Specifications

3-fNo. of Phases

Voltage rating 415 Volts AC

Frequency 50 Hz
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Tilt Angle: Tilt angle is the angle between the plane of module and the horizontal. The 
optimum array orientation will depend on the latitude of the site, prevailing weather 
conditions and the load to be met (Figure-9) [12].

Others: Junction boxes, meters, distribution boxes, wiring materials, mounting 
materials etc.

10.2 Simulation Results:

In this research we used a PV system simulation code to make simulations of the plant.

11. STEPS IN THE DEVELOPMENT OF A PROJECT

When developing a project in PV System, the following steps are followed: 

182

• Create a project by specifying the geographical location and meteorological data. 
• Define a basic system variant, including only the orientation of the PV modules, 

the required power or available area and the type of PV modules and inverters that 
you would like to use. The PV System will propose a basic configuration for this 
choice and set reasonable default values for all parameters that are required for a 
first calculation. Then you can simulate this variant and save it. It will be the first 
rough approximation that will be refined in successive iterations. 

• Define successive variants by progressively adding perturbations to this first 
system, near shadings, specific loss parameters, economic evaluation, etc. You 
should simulate and save each variant so that you can compare them and 
understand the impact of all the details you are adding to the simulation (Figures 
10-12).

12. RESULTS OF SIMULATION

The data obtained from design and simulation code are shown in Table-7. It shows 
monthly/hourly sums for E-grid (MW).
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Wattage 220

Voltage V = 27.4Vmpp

VOC =33.20 V

Current I  = 8.310 Asc

I  = 7.730 Ampp

Type polycrystalline

Efficiency 12.70%

Temperature
o

25 C

Dimensions 1593 × 790 ×50 mm
2

Area of single panel=1258470 mm
2

1.259 m

Tilt angle (slope) of PV Module 15
o

Mounting Fixed Type

Table-5: Solar Panel Specifications

Figure-9: Tilt Angle is Latitude Dependent

Protective device 400 Volts under voltage relay

Table-6: Protection Figure-10: Simulation Concept-I

Figure-11: Simulation Concept-II
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13. ANALYSIS

From simulations of the system we obtain data on system production and system losses 
(Figures 13-18).

1. The maximum power point voltage of PV module (V ) is 28.5 V & maximum mpp

power point ampere (I ) is 7. 8 A. mpp

2. The   voltage of the system is V   at -10˚ = 726V  , V   at 20˚ = 523V , Vmmp  at mmp mmp

60˚ = 436 V  & the current at the STC is I  =2620 A , I  = 2665 A.  mmp sc

3. The production per year =2597MWh/Yr for the production per 
(2597/365=7.115MWh/DAY), also per hour is 1.186 MWh. 

4. The normalized production of one KW solar PV is 5.35 KWh/KWp/day. 
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5. The array losses = 1.43 KWh/ KWp/day and system losses = 0.13 KWh/ KWp/day.
6. The system performance index is 0.775.
7. Array losses = 20 %, system loss (inverters, etc) =1.87 % and produced useful 

energy (inverter output) = 77.5 %.

From the results we find that:

(i) Output of solar PV increases with increase in the input of solar radiation 
(Figure-19) below the maximum power obtained at maximum solar incident.

(ii) The maximum production of solar energy is in January, February, March, 
April, November and December, as shown in Figure-20. This is because the 
temperature decreases during those months.
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Figure-12: Simulation Concept-III

Month 6H 7H 8H 9H 10H 11H 12H 13H 14H 15H 16H 17H 18H

January 0 0 7 14 20 23 24 24 22 19 14 7 0

February 0 1 7 13 18 21 22 22 21 18 14 7 1

March 0 2 8 15 20 23 24 24 23 20 15 8 1

April 0 3 9 15 19 21 22 22 21 18 13 7 1

May 0 3 9 14 18 20 21 21 19 16 12 6 1

June 0 3 8 12 16 18 19 19 18 15 11 6 1

July 0 3 8 13 17 19 20 20 19 16 12 7 2

August 0 3 8 13 17 20 21 21 19 16 12 7 2

September 0 3 8 14 18 20 21 21 19 16 11 5 1

October 0 3 10 15 19 21 22 21 19 16 10 4 0

November 0 3 10 16 20 22 22 22 20 16 10 4 0

December 0 1 9 15 20 23 24 23 21 18 12 5 0

One Year 0 28 101 169 222 251 262 260 241 204 146 73 10

Table-7: Monthly / Hourly Sums for E-grid (MW)

Month Mod qual kWh Mis loss kWh Ohm loss kWh E Arrmpp kWh Inv loss kWh

January 2,767               1,817            2,432              177,429           3,931           

February 2,632               1,728            2,517              168,574           3,699           

March 2,928               1,922            2,825              187,502           4,091           

April 2,718               1,785            2,551              174,129           3,819           

May 2,537               1,666            2,082              162,875           3,742           

June 2,333               1,532            1,779              149,867           3,513           

July 2,462               1,616            1,865              158,164           3,564           

August 2,518               1,653            1,967              161,710           3,629           

September 2,472               1,623            2,087              158,637           3,567           

October 2,545               1,671            2,196              163,268           3,584           

November 2,611               1,714            2,339              167,383           3,617           

December 2,740               1,799            2,428              175,689           3,797           

One Year 31,261            20,528         27,068           2,005,227       44,552        

Table-8: System Losses (Losses of Inverter and Other Components)

Month E – Grid  (kWh)

January 173,499                         

February 164,875                         

March 183,410                         

April 170,310                         

June 159,134                         

July 146,354                         

August 154,600                         

September 155,071                         

October 159,684                         

November 163,766                         

December 171,892                         

One Year 1,960,676                     

Table-9: Energy from Sun (Per Month)



13. ANALYSIS

From simulations of the system we obtain data on system production and system losses 
(Figures 13-18).

1. The maximum power point voltage of PV module (V ) is 28.5 V & maximum mpp

power point ampere (I ) is 7. 8 A. mpp

2. The   voltage of the system is V   at -10˚ = 726V  , V   at 20˚ = 523V , Vmmp  at mmp mmp

60˚ = 436 V  & the current at the STC is I  =2620 A , I  = 2665 A.  mmp sc

3. The production per year =2597MWh/Yr for the production per 
(2597/365=7.115MWh/DAY), also per hour is 1.186 MWh. 

4. The normalized production of one KW solar PV is 5.35 KWh/KWp/day. 

184

5. The array losses = 1.43 KWh/ KWp/day and system losses = 0.13 KWh/ KWp/day.
6. The system performance index is 0.775.
7. Array losses = 20 %, system loss (inverters, etc) =1.87 % and produced useful 

energy (inverter output) = 77.5 %.

From the results we find that:

(i) Output of solar PV increases with increase in the input of solar radiation 
(Figure-19) below the maximum power obtained at maximum solar incident.

(ii) The maximum production of solar energy is in January, February, March, 
April, November and December, as shown in Figure-20. This is because the 
temperature decreases during those months.

185

Figure-12: Simulation Concept-III

Month 6H 7H 8H 9H 10H 11H 12H 13H 14H 15H 16H 17H 18H

January 0 0 7 14 20 23 24 24 22 19 14 7 0

February 0 1 7 13 18 21 22 22 21 18 14 7 1

March 0 2 8 15 20 23 24 24 23 20 15 8 1

April 0 3 9 15 19 21 22 22 21 18 13 7 1

May 0 3 9 14 18 20 21 21 19 16 12 6 1

June 0 3 8 12 16 18 19 19 18 15 11 6 1

July 0 3 8 13 17 19 20 20 19 16 12 7 2

August 0 3 8 13 17 20 21 21 19 16 12 7 2

September 0 3 8 14 18 20 21 21 19 16 11 5 1

October 0 3 10 15 19 21 22 21 19 16 10 4 0

November 0 3 10 16 20 22 22 22 20 16 10 4 0

December 0 1 9 15 20 23 24 23 21 18 12 5 0

One Year 0 28 101 169 222 251 262 260 241 204 146 73 10

Table-7: Monthly / Hourly Sums for E-grid (MW)

Month Mod qual kWh Mis loss kWh Ohm loss kWh E Arrmpp kWh Inv loss kWh

January 2,767               1,817            2,432              177,429           3,931           

February 2,632               1,728            2,517              168,574           3,699           

March 2,928               1,922            2,825              187,502           4,091           

April 2,718               1,785            2,551              174,129           3,819           

May 2,537               1,666            2,082              162,875           3,742           

June 2,333               1,532            1,779              149,867           3,513           

July 2,462               1,616            1,865              158,164           3,564           

August 2,518               1,653            1,967              161,710           3,629           

September 2,472               1,623            2,087              158,637           3,567           

October 2,545               1,671            2,196              163,268           3,584           

November 2,611               1,714            2,339              167,383           3,617           

December 2,740               1,799            2,428              175,689           3,797           

One Year 31,261            20,528         27,068           2,005,227       44,552        

Table-8: System Losses (Losses of Inverter and Other Components)

Month E – Grid  (kWh)

January 173,499                         

February 164,875                         

March 183,410                         

April 170,310                         

June 159,134                         

July 146,354                         

August 154,600                         

September 155,071                         

October 159,684                         

November 163,766                         

December 171,892                         

One Year 1,960,676                     

Table-9: Energy from Sun (Per Month)



14. CONCLUSIONS

The research work reported here provides:

• An overview of the calculations and processes to design a grid-connected PV plant;
• The minimum knowledge required when designing a PV grid-connected system;
• Focus on how to design a PV plant  by using string inverters;
• The optimal design for a PV plant lay out.

Whatever the final design criteria, a designer should be capable of:

• determining the energy yield in an hour, a day and a year;
• determining the total area that is needed to install the plant.
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Figure-13: Simulation Result Curve

Figure-14: Loss Diagram for New Simulation Variant – Year

Figure-15: Average Solar Radiation in Khartoum Per Month

Figure-16: Production in KWh/day (Normalized)

Figure-17: Normalized Production and Loss Factors
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15. RECOMMENDATIONS

• The important thing about the grid connection is to improve the efficiency of 
modules and high quality control on feedback between the grid and photovoltaics. 
It is recommended that PV inverters should operate at unity power factor.

• To avoid confusion, it is recommended that between the array and inverter single 
core double insulated cable should be used.

• Sudan faces lack of electricity especially during the day. PV connected to grid gives 
a good solution for this problem. It is recommended to install this system in Sudan.

• The efficiency of PV cell decreases after some years of installation. It is 
recommended that when sizing the solar system, 30% of it should be reserved for 
total watt increase to the system.
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Figure-18: Performance Ratio

Figure-19: Daily Input/output Diagram

Figure-20: Daily System Output Diagram
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EXTREME LIGHT INFRASTRUCTURE- A PAN-EUROPEAN 
LASER FACILITY

Wolfgang Sandner
ELI-DC International Association AISB, DESY, Zeuthen, Germany

Email:

This presentation will focus on a Pan-European Laser initiative called “Extreme Light 
Infrastructure (ELI)”, one of the 48 European Strategic Forums for Research 
Infrastructure (ESFRI) that represents a major step forward in quest for producing 
extreme electromagnetic fields. This will be the world's first international user facility 
for laser research established as an International Association on April 11, 2013 in 
Brussels, Belgium. When fully implemented in 2017 ELI will contain some of the 
world's most powerful lasers and make them available for the international scientific 
community. With its ultra-intense and ultra-short pulses of light it will create new 
states of matter in dense plasmas, probe the structure of vacuum or produce secondary 
radiation of high-energy photons or particles. These, in turn, will be used to 
understand fundamental dynamic processes in such different species as nuclei, 
molecules, or biological cells.

SMART PHOTONIC SENSORS - PERFORMING FOR THE 
ENVIRONMENT

Nabeel A. Riza
School of Engineering, University College Cork, Cork, Ireland

Email: n.riza@ucc.ie

The ability to “see” with application-specific intelligence is critical in today’s world of 
big data that is saturated with diverse physical characteristics such as optical 
scenarios with high contrast ratios and complex object shapes. This talk will highlight 
the design of novel smart imaging sensors for high impact applications such as laser 
beam imaging.

SOLID STATE LIGHTING-NEXT GENERATION OF 
ILLUMINATION TECHNOLOGY

 

M. Khizar Bhutta
Whirlpool Corporation, Benton Harbor, Michigan, USA, and Center for 

Optoelectronics and Optical Communication, University of North Carolina
Charlotte, USA

Email: Muhammad_khizar@whirlpool.com
 

During the last few years, solid-state lighting (SSL) has emerged as revolutionizing 
technology through the introduction of highly energy-efficient, longer-lasting, 



191

EXTREME LIGHT INFRASTRUCTURE- A PAN-EUROPEAN 
LASER FACILITY

Wolfgang Sandner
ELI-DC International Association AISB, DESY, Zeuthen, Germany

Email:

This presentation will focus on a Pan-European Laser initiative called “Extreme Light 
Infrastructure (ELI)”, one of the 48 European Strategic Forums for Research 
Infrastructure (ESFRI) that represents a major step forward in quest for producing 
extreme electromagnetic fields. This will be the world's first international user facility 
for laser research established as an International Association on April 11, 2013 in 
Brussels, Belgium. When fully implemented in 2017 ELI will contain some of the 
world's most powerful lasers and make them available for the international scientific 
community. With its ultra-intense and ultra-short pulses of light it will create new 
states of matter in dense plasmas, probe the structure of vacuum or produce secondary 
radiation of high-energy photons or particles. These, in turn, will be used to 
understand fundamental dynamic processes in such different species as nuclei, 
molecules, or biological cells.

SMART PHOTONIC SENSORS - PERFORMING FOR THE 
ENVIRONMENT

Nabeel A. Riza
School of Engineering, University College Cork, Cork, Ireland

Email: n.riza@ucc.ie

The ability to “see” with application-specific intelligence is critical in today’s world of 
big data that is saturated with diverse physical characteristics such as optical 
scenarios with high contrast ratios and complex object shapes. This talk will highlight 
the design of novel smart imaging sensors for high impact applications such as laser 
beam imaging.

SOLID STATE LIGHTING-NEXT GENERATION OF 
ILLUMINATION TECHNOLOGY

 

M. Khizar Bhutta
Whirlpool Corporation, Benton Harbor, Michigan, USA, and Center for 

Optoelectronics and Optical Communication, University of North Carolina
Charlotte, USA

Email: Muhammad_khizar@whirlpool.com
 

During the last few years, solid-state lighting (SSL) has emerged as revolutionizing 
technology through the introduction of highly energy-efficient, longer-lasting, 



192 193

optical field measurements in the other two methodologies will also be discussed. 
Overcoming turbidity may have profound impact on various challenges in optical 
imaging and spectroscopy of turbid media including imaging resolution, field-of-view, 
and maximum achievable imaging depth range. Selected examples from recently 
published work will be used to highlight the efficacy and utility of different methods.

PIONEERS IN STUDY OF LIGHT - THE FORGOTTEN GIANTS

M. Yasin Akhtar Raja
Physics & Optical Science Department, and Center for Optoelectronics & Optical 

Communications, University of North Carolina (UNC), Charlotte, USA
Email: raja@uncc.edu

The envisioned presentation will cast a cursory glance and a ‘bird-eye’ view on the 
nature of light and various aspects of “study of light” unravelling its mysteries and 
nature as what we perceive today. It will cover briefly the understanding of its nature 
and fundamental phenomena and its manifestations. A brief overview will cover, e.g., 
its production, propagations, fundamental interaction, and detections aspects. The 
brief historical part and selected phenomena have been adapted from the presentation 
titled “Forgotten milestones in the history of optics”, by my colleague and sincere 
friend Prof. Greg Gbur, Department of Physics and Optical Science, UNC Charlotte. 
We will try to include some recent phenomena and discoveries related to light based on 
experimental and theoretical models. In the end, we will attempt to pose some open 
questions for the visualization of future research and understanding as mysteries of 
nature keep on unfolding every day. 

NONLINEAR OPTICS WITH SUPERCONDUCTING QUANTUM 
CIRCUITS

Guoqin Ge
School of Physics, Huazhong University of Science and Technology

Wuhan, P. R. China
Email: gqge@mail.hust.edu.cn

We review some progress of superconducting quantum circuits in the applications of 
quantum information and quantum optics. Both theoretical and experimental 
researches showed that superconducting quantum circuits, as a kind of macroscopic 
quantum device, can exhibit quantum properties. Due to its special advanced 
properties, these macroscopic quantum devices can be applied as basic units of 
quantum information and quantum computer. The fundamental advantages of these 
artificial systems are on chip and on demand. In nonlinear optics, we have designed a 
nonlinear superconducting quantum circuit, which exhibits the possibility to obtain a 

versatile light sources, including high-quality white light. Previously relegated to 
colored-light applications such as traffic signals and exit signs, SSL products are now 
successfully competing with conventional technologies including incandescent and 
fluorescent lamps in general illumination applications. Recently, this technology has 
seen new innovations in directional lamp fittings such as down-lights and under-
cabinet lighting; in area light fittings such as replacement for two-foot by two-foot 
ceiling fixtures and roadway lighting; and in niche applications such as commercial 
refrigeration display lighting and automobile day-running lamps. With the latest 
advancements in III-nitrides based SSL technology, current focus is to improve the 
devices optical power density, efficacy, light quality, and operating life. Furthermore, 
manufacturing improvements is another emerging front where industry investment 
continues to improve the performance and reduce the costs associated with this 
technology. It is believed that in near future, SSL will become more competitive with 
conventional light sources and can be expected to capture increasing shares of the 
general illumination manufacturing industry. After a summary of the motivation for 
the development of the high-power LED, we describe the current state of high-power 
SSL technology and the challenges that lie ahead for development of true “solid state 
luminaries”. We demonstrate record performance and reliability for high-power 
colored and white LEDs and show results from the world’s first 150-plus lumen white 
LED lamp, the solid state equivalent of Thomas Edison’s 20 W incandescent light bulb, 
which is a breakthrough.

OVERCOMING TURBIDITY FOR DEEP-TISSUE IMAGING

Zahid Yaqoob
Laser Biomedical Research Center, Massachusetts Institute of Technology

Cambridge, USA
Email: zyaqoob@mit.edu

Optical imaging and spectroscopy of biological tissue provide tremendous 
information that can be utilized for both diagnostic and therapeutic purposes. 
However, one critical constraint is the limited depth from which optical information 
can be reliably retrieved. It is the elastic light scattering that scrambles wavefront of 
light as it travels through a turbid medium, limiting our ability to see through or 
transmit (receive) light to (from) a specific depth within a turbid sample. The resulting 
wave front distortion, however, is a deterministic and linear phenomenon that is 
reversible in principle.  

This topic has attracted significant interest in recent years, leading to the development 
of innovative approaches to quantify / overcome turbidity. I will discuss various 
approaches including incident beam shaping via iterative algorithms, scattering 
matrix measurements, and optical phase conjugation to overcome tissue turbidity. The 
use of guide stars in iterative approaches, and interferometric setups for complex 
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COHERENT CONTROL OF THE GOOS-HÄNCHEN SHIFT

Sajid Qamar
Department of Physics, COMSATS Institute of Information Technology

Islamabad, Pakistan
Email: sajid_qamar@comsats.edu.pk

The behavior of the Goos-Hänchen (GH) shifts in the reflected and transmitted light 
beam which is incident on a cavity containing an intracavity medium of certain atomic  
systems with electromagnetically induced transparency (EIT), Raman gain and 
duplicated two-level, is discussed. It has already been observed that the subluminal 
and superluminal behavior of the pulse propagating through an atomic medium can 
be coherently controlled without changing the structure. This is due to the control on 
the group index of the medium which is positive for the sub-luminal pulse propagation 
and negative for the super-luminal propagation. This may give a coherent control of 
the GH shifts in the reflected or transmitted light pulse when the light is incident on a 
cavity containing some dispersive atomic media. Here, positive and negative GH shifts 
corresponding to the sub-luminal and super-luminal propagation of the pulse, 
respectively, are observed.

POWER SAVING USING CLASS OF SERVICE 
DIFFERENTIATION MECHANISM IN EXTENDED REACH

FI-WI NETWORKS

Syed Mohammad Hasan Zaidi
SEECS, National University of Science and Technology, Islamabad, Pakistan

Email: drzaidi@seecs.edu.pk

Access networks are one of the major contributors in consuming power resources in 
telecom networks. This has led to increased interest towards development of power 
saving protocols and network architectures. Among the access networks, Fi-Wi 
network is one of the promising technologies combining the best features of optical 
and wireless network.  In this research work, we study the impact of introducing class 
of service differentiation mechanism in extended reach Fi-Wi networks. For reducing 
power, we propose an energy efficient scheme based on network traffic categorization 
and applied appropriate thresholds on delay sensitive and delay tolerant traffic at 
optical network unit. Through simulations we found that our proposed scheme 
reduces overall energy consumption of the network up to 25% as compared to current 
state-of-the-art schemes.

cross-Kerr-effect. This effect can be used to realize Single-Photon Transistor in Circuit 
Quantum Electrodynamics. We have also studied other nonlinear optics by using 
superconducting quantum circuits. We have distinguished the difference between 
electromagnetically induced transparency (EIT) and the Autler–Townes Splitting 
(ATS) in Superconducting Quantum Circuit, which usually mixed in some literatures. 
We have first shown that it is possible to realize Coexistence of Three-wave, Four-wave, 
and Five-wave Mixing Processes due to the absence of selection rules in 
superconducting circuits. We have also studied quantum interference in nonlinear 
sum- and difference-frequency simultaneously in superconducting quantum circuits. 
We have also shown a new type of phase- and frequency-sensitive amplification and 
attenuation in a cyclically driven three-level superconducting Josephson system.

APPLICATION OF SYNCHROTRON RADIATION IN THE STUDY 
OF ORGANIC MOLECULES ON SUBSTRATES FOR CATALYSIS, 

ENERGY AND MAGNETIC MATERIALS

Andrea Goldoni
Elettra Sincrotrone, Trieste, Italy

Email: goldonia@elettra.eu

Many organic molecules, in particular macrocycles, can self-assemble on substrates. 
They are currently considered as templates for the ordered organization of "isolated" 
metallic atoms, which correspond the metallic ions at the center of the macrocycles. 
The fine control on the self-assembling and, possibly, on the metalation of the 
molecules represent key issues in the development of these organic-substrate 
interfaces. Considering a particular molecule, porphyrin, by using different support 
substrates one can obtain several combinations of metalated-porphyrins that typically 
do not exist in nature because they are unstable. The metallo-porphyrins can cover a 
variety of applications, like catalytic and light absorption materials, magnetic layers, 
gas sensor nano-nose, etc. One fundamental question is about the way porphyrins 
(metalated or not) interact with the substrates and in which way the self-assembled 
organic monolayer can be modified and the metalation occurs. Here we show how 
synchrotron radiation may give several important informations on the various 
methods to metalate the un-metalated porphyrins on surfaces, about the modification 
of these molecules with temperature and on the interaction of porphyrins with the 
substrates. In particular, we illustrate an interesting way to metalate the porphyrins by 
picking-up substrate metal atoms on the surface and how the surface oxidation 
influences this process.
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POLARIMETRY AND ITS APPLICATIONS IN BIOPHOTONICS

Masroor Ikram
Pakistan Institute of Engineering and Applied Sciences (PIEAS)

Islamabad, Pakistan
Email: masroor@pieas.edu.pk

Polarimetry is the polarization sensitive optical imaging and it is a powerful tool when 
used with Mueller Matrix. It can characterize a material with sixteen polarization 
properties and can be regarded as a finger print. At PIEAS, this technique has been 
used to study polarization properties of the synthetic materials, induced liver injuries 
and phase modulations of light. Results on material characterizations and phase 
modulation will be discussed.  

PHASE DEPENDENT ELECTROMAGNETICALLY INDUCED 
TRANSPARENCY (EIT) IN A THREE LEVEL ATOMIC SYSTEM 

USING SQUEEZED VACUUM RESERVOIR

Javaid Anwar
Department of Physics, COMSATS Institute of Information Technology

Islamabad, Pakistan
Email: drjavedanwar@comsats.edu.pk

Phase dependent EIT using squeezed vacuum reservoir in a three-level Λ  system is 
presented. It is shown that absorption and dispersion properties of the medium are 
sensitive to relative phases between the squeezed bath, probe and control fields. The 
absorption and dispersion profiles are analyzed for different values of relative phases, 
squeezing parameter r and quantum interference parameter p. The relative phases can 
change the behavior of the medium such that the medium has sub-luminal and super-
luminal behavior for the probe beam.

DARKENED ATOM AND TEMPORAL DYNAMICS OF ATOM 
POPULATION AT THE EXCITED ENERGY LEVEL

 

Fazal Ghafoor
Department of Physics, COMSATS Institute of Information Technology

Islamabad Pakistan
Email: fazal_ghafoor@comsats.edu.pk

In contrast to traditional spontaneous generated coherence (SGC), spontaneous 
emission from a four-field-driven five-level atomic system is completely cancelled with 
field generated coherence (FGC).  As a result, the brightened atom, which is based on 

MAGNETO-OPTICS MEETS NANOSCIENCE

Muhammad Sabieh Anwar* and Syed Babar Ali
Department of Physics, School of Science and Engineering, Lahore University of 

Management Science, Pakistan
Email: sabieh@lums.edu.pk

In this talk we will present an overview of how magneto-optics is helping the 
investigation of nanostructures and nanomaterials. Based on the combined 
modulation of the electric permittivity of materials that are also placed inside 
magnetic fields, novel functionalities can be explored. In particular we will describe 
the plasmonic enhancement of the magneto-optic effect and the magnetic field 
assisted generation and control of surface plasmon polaritons.

OPTICAL DIAGNOSTICS OF VIRAL & PARASITIC DISEASES IN 
EDIBLE OILS, SPREADS AND GHEE

Mushtaq Ahmed
National Institute of Laser and Optronics, Islamabad, Pakistan

Email: mahmed5555@yahoo.com

Optical detection techniques like absorption, fluorescence, Raman spectroscopy and 
confocal microscopy are powerful tolls for the detection of viral / parasitic diseases. At 
NILOP all these optical techniques are available and are in use effectively.

We present the optical diagnosis of dengue & HCV virus infection in human blood 
serum using Raman spectroscopy. Raman spectra were acquired from blood serum 
samples using a laser at 532 nm and 786 nm as the excitation source. A multivariate 
regression model based on partial least-squares regression is developed that uses 
Raman spectra to predict dengue infection with leave-one-sample-out cross- 
validation. The prediction of dengue infection by our model yields correlation 

2coefficient r  values of 0.9998 between the predicted and reference clinical results. 

Principal components analysis (PCA) was carried out for the prediction of HCV and its 
viral load. Raman spectroscopy was successfully implemented to detect the fats, 
saturated and unsaturated radicals in edible oils, spreads and ghee.  

Results are highly encouraging for the implementation of Raman spectroscopy 
technique for the viral and parasitic diseases and vegetables oils. 
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serum using Raman spectroscopy. Raman spectra were acquired from blood serum 
samples using a laser at 532 nm and 786 nm as the excitation source. A multivariate 
regression model based on partial least-squares regression is developed that uses 
Raman spectra to predict dengue infection with leave-one-sample-out cross- 
validation. The prediction of dengue infection by our model yields correlation 

2coefficient r  values of 0.9998 between the predicted and reference clinical results. 

Principal components analysis (PCA) was carried out for the prediction of HCV and its 
viral load. Raman spectroscopy was successfully implemented to detect the fats, 
saturated and unsaturated radicals in edible oils, spreads and ghee.  

Results are highly encouraging for the implementation of Raman spectroscopy 
technique for the viral and parasitic diseases and vegetables oils. 
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SOL-GEL AND RF SPUTTERED AZO THIN FILMS: ANALYSIS 
OF OXIDATION KINETICS IN HARSH ENVIRONMENT
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Al-doped ZnO (AZO) thin films, which possess the advantages of low cost, low sheet 
resistance and high transmittance, are one of the most promising candidates to 
replace indium tin oxide films as the transparent electrode. However, oxidation causes 
a substantial increase in the sheet resistance of AZO film after exposing in ambient and 
especially, damp heat (DH) environment. In this work, we compare structural, optical, 
electrical properties and environmental stability between films prepared by two 
different methods: sol-gel and rf sputtering. Experimental results indicate that the 
properties of film can be affected by different deposition method. From the X-ray 
diffraction analysis, all films have hexagonal wurtzite crystal structure with different 
preferable orientation in two different methods. Optical transmittance spectra of the 
AZO films exhibited transparency higher than about 80% within the visible 
wavelength region and the optical band gap (E ) of these films was increased in g

sputtered film, probably due to the increase of carrier concentration. Better 
environmental stability was found in AZO film prepared by sputtering method 
probably due to the improved surface roughness and enhancement of (110) 
orientation.

FACILE PEROVSKITE FILM PRODUCTION METHOD VIA 
PRECURSOR VAPOR DEPOSITION
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We report a novel strategy to prepare perovskite absorber films by using the solvent 
vapors of precursor methylamine (MA) and hydroiodic acid (HI) solutions on PbI  thin 2

films. PbI  coated substrate was exposed to the vapors of MA and HI solutions briefly 2

and then the resultant film was annealed to obtain perovskite layer. Surface 
morphology studies showed that precursor vapor deposited perovskite films are very 
smooth and the surface roughness is limited by the surface roughness of precursor 
vapor exposed PbI  film. In addition, our approach removes the necessity the need to 2

synthesize methylammonium iodide salt and allows facile fabrication of high quality, 
large-area, smooth perovskite films. Non-optimized device studies gave a record high 
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Sodium D1 line, is darkened under dipole-alignment-independent trapping condition.  
In addition, almost all atom population in each of the four dressed states of the unique 
excited real energy level of the modeled atom are effectively stored for times longer 
than the ones in metastable states. The temporal dynamic of the atom population at the 
excited state is studied for both the brightened and darkened atom. The present results 
might be useful in high power contrast-q-switched q-switched and mode locked pulsed 
lasers. 

A GENERIC MODEL OF PV PLANT LIGHTNING PROTECTION

Anam Kalair* and Nasrullah Khan
Department of Electrical Engineering, COMSATS Institute of Information 

Technology, Islamabad, Pakistan
Email: anamkalair@gmail.com

Sun is the ultimate source of energy on earth. Solar thermal and PV plants produce 
more than 200 GW power worldwide. PV plants are susceptible to lightning strikes, 
high winds, snow storms and hail blitzkrieg. Solar panels fixing protects them against 
snow weight and cyclones but hail and lightning still affect them. Hailing often breaks 
solar thermal evacuated glass tubes as well as module plates but lightning strikes 
damage solar panels, charge controllers and inverters. Roof top panels are more 
vulnerable compared to ground laid solar panels. Solar panels are badly exposed to 
lightning due to their open air location. Lightning affects integrated PV plants directly 
by overhead strikes and indirectly through utility grid lines. A small standalone solar 
station is less vulnerable to lighting than large grid connected plants as utility network 
faults also affect the solar plants Rooftop solar plant, without any protective device, 
poses a serious threat to residents. Standalone rooftop solar panels induced home fire 
incidents dictate need for further development of lighting protection devices.  Design 
engineers often ignore protection of small standalone solar systems that exposes home 
wiring to risk of the lightning induced fire. Grid connected solar plants are more 
exposed to direct overhead, indirect nearby and distant lightning strikes yet 
standalone PV installations are more vulnerable owing to lack of lightning protection. 
Night thermography can point out defective parts in PV plant before exceeding fire 
threshold. Lightning is one of the most beautiful displays of nature.  The number of 
lightning strokes is usually 3 to 4 but it may be as high as 30 or even more. A lightning 
stroke may have 1-10 µs rise time and 50-200 µs decay time. Average duration of stroke 
is 35±5 µs and time elapsed between two successive strokes is 45±5 ms. A lightning 
flash consists of a series of spurts from cloud to ground which appears as a jagged line 
of arrows. PV plants use earthed rods employing rolling sphere technique to protect 
against overhead lightning and surge protective devices (SPD) to guard against 
rooftop induced or grid side injected surges. This paper examines the lightning 
physics, PV plant lightning interactions and the innovative protection techniques.  
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short circuit density of 38.5 mA/cm , a fill-factor of 0.33, an open circuit voltage of 0.75 2

V, and a power conversion efficiency of 9.6%.

ON THE PROSPECTS OF ELECTRICAL LARGE OPTICAL 
ANTENNAS FOR ENERGY HARVESTING APPLICATIONS
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Harvesting solar energy through antennas is an interesting concept, which has 
received significant attention of researchers recently.  Since solar incidence basically 
comprises electromagnetic waves, in principle, its reception through conventional 
antenna techniques is possible, with a promise of more efficiency than that of existing 
photovoltaic cells. However, due to the small wavelength of sunlight, antenna size 
becomes only a few hundred nanometers, when the conventional antenna theory is 
directly applied. . This leads to difficult nanofabrication processes, usually based on 
molecular beam epitaxy, focused ion beam milling, electron beam lithography, etc. A 
number of solar nano-antennas have been actually fabricated, and reported. Sizes of 
these antennas mostly fall in 200 nm – 800 nm range. 

In this paper, we study and propose the use of electrically large antennas for harvesting 
sunlight. This relaxes the fabrication requirements significantly, since now the 
antenna size can be many orders of wavelength. Electrically large antennas are known 
to exhibit multi-lobe radiation pattern, which is often not suitable for wireless 
communication applications. However, a multi-lobe pattern appears quite acceptable 
for energy harvesting application, since the sunlight falls under a uniform incidence, 
and a preferred direction of reception is not a critical requirement.

We simulate a number of electrically large antennas using gold layer over a silicon 
substrate. These simulations are based on finite difference time domain method, and 
employ Drude model, as well as a much improved Jhonson and Christy model for the 
frequency-dependent optical properties of gold. We compare the efficiency of our 
multi-lobe antennas with those of single-lobe known solar nano-antennas. Following 
these comparisons and studies, we believe that electrically large antennas can be a 
very good candidate for future solar energy systems. Since size of these antennas can 
be a few micro-meters, their fabrication can be cheap and may also be pursued on 
mass scale. This may result in a better commercial viability of future antennas based 
solar energy systems. 
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TRIPARTITE ENTANGLEMENT IN VARIOUS CAVITIES UNDER 
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The dynamics of tripartite entanglement between three two-level atoms under the 
influence of dipole-dipole interaction, the initial relative quantum phase and the 
coupling strength between the cavity and the atoms is studied. Our investigation shows 
that strong dipole-dipole interaction between the atoms not only guarantees 
entanglement sudden death but also helps in retaining entanglement for considerable 
long time. The choice of the relative phase in the initial state plays vital role in the 
operational regime of the cavity. Under certain special conditions, the entanglement 
can be frozen in time to its initial values via strong dipole-dipole interaction. The 
freezing trait of entanglement may prove helpful in engineering multiparticle 
entanglement for the practical realization of quantum technology.

RESOLUTION ENHANCEMENT USING SIMULTANEOUS 
COUPLE ILLUMINATION

1 2Anwar Hussain*  and Jose Luis Martínez
1Department of Physics, COMSATS Institute of Information Technology

Islamabad, Pakistan
2Universidad Miguel Hernández, Spain
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This work is based on super resolution imaging using a phase shifting technique. The 
optical technique is used to enhance the resolution of an optical 4f system. A square 
aperture is placed at the Fourier plane of the optical system in order to obstruct the 
high spatial frequencies of the object. To retrieve these high spatial frequencies of the 
object, a tilted beam illumination on the object is applied to divert these frequencies 
into the pass-band at the Fourier plane. In the 4f optical system an object is illuminated 
with coupled illumination created by a Spatial Light Modulator (SLM). For one 
dimensional object one central beam and two symmetrical beams around the central 
are created with defined linear phase related to the dimension of square aperture. 
During illumination process the object is first illuminated with each beam separately 
and later with each possible combination of two beams simultaneously. During such 
illumination to one of the beams are assigned four constant phases. As result of this 
process 15 interferograms are recorded at the CCD plane. As a result of the tilting, the 
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recorded holograms carry the linear phase information which needs to be excluded to 
obtain only the object information. For this purpose the linear phases are calculated 
from the known dimensions of aperture. These interferograms are stored in computer 
memory for further processing to extract the object information. After the post 
processing algorithm a resultant image is obtained which has three times higher 
resolution compared to the image obtained only with central beam. The resolution of 
the system can be further increased by increasing the number of tilted illuminations 
and ultimately by the signal to noise ratio. For two dimensional objects the same 
procedure is followed and we recorded 153 interferograms of the object and also 
calculated the all linear phases. The similar post processing is followed to obtain the 
superresolved image.

PARITY-TIME SYMMETRY IN RYDBERG ATOMS
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We propose a scheme to realize parity-time (PT)-symmetry in an ensemble of strongly 
interacting Rydberg atoms, which act as super-atoms due to the dipole blockade 
mechanism. We show that Rydberg-dressed 87Rb atoms in a four-level inverted Y -type 
configuration is highly efficient to generate the refractive index for a probe field, with a 
symmetric (antisymmetric) profile spatially in the corresponding real (imaginary) 
part. Comparing with earlier investigations, the present scheme provides a versatile 
platform to control the system from PT-symmetry to non PT-symmetry via different 
external parameters, i.e., coupling field detuning, probe field intensity and control 
field intensity.

LASER CLEANING OF HISTORICAL AND MODEL PAPERS BY 
213 nm AND 532 nm PULSED LASER RADIATION
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Laser cleaning has attracted great attention in cultural heritage. The treatment of 
organic materials such as paper is characterized by the limitation of photochemical 
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and photothermal destruction. This is minimized when visible laser wavelengths are 
chosen such as the second harmonic (532 nm) of a Nd:YAG laser [1]. Ultraviolet laser 
radiation, on the other hand, provide minimized light penetration depth and can serve 
as a quasi ultra-precise non-contact scalpel [2,3]. Yellowing is a side effect of laser 
treatment [4]. Paper cleaning studies showed that yellowing could be minimized by 
choosing 532 nm [5].

Laser cleaning of charcoal particulates on various historical cotton linters paper, 
ground wood paper, and China paper and various new cellulose papers without 
destruction was demonstrated with 532 nm radiation. The difference between the 
destruction and the cleaning threshold fluence was one order of magnitude. The 
middle UV-laser treatment (213 nm) did not allow particle removal without substrate 
destruction. 

With 532 nm, the removal mechanism is mainly based on evaporation/ablation of the 
opaque particulates resulting in low cleaning threshold fluences of less than 0.2 J/cm² 
for two laser pulses. Differential DRIFT investigations showed that 532 nm-laser 
treatment led to destruction by dehydration reactions forming cross-links by ether 
bonds in the reductive atmosphere of the electron-rich and reductive laser plasma. 
Conjugated bond and carbonyl group generation could not be detected, which could 
have explained the yellowing phenomenon observed below and above the destruction 
threshold. Alternative mechanisms of discoloration such as soiling redeposition and 
scattering by nanostructure formation are discussed. A quantitative model has been 
developed in order to explain that it is more advantageous to use higher fluence values 
below the destruction threshold than applying higher number of pulses with low 
fluences.

Ground wood cellulose paper exhibits a practicable cleaning fluence window with 
middle-UV radiation treatment. In this case, a minimum dose volume density should 
be applied. However, complete cleaning of bleached cellulose paper is accompanied 
by strong yellowing and destruction. The presence of the particulates shows 
substantial influence on the yellowing with increasing coverage.
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TRAPPING THE CHARGE CARRIERS - AN UNUSUAL WAY TO 
MAKE HIGHLY EFFICIENT POLYMER LIGHT EMITTING 
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Fӧrster resonance energy transfer (FRET) and electrode modification are the two 

common pathways to enhance the luminous efficiency of polymer based light emitting 
diodes. Another avenue is by making the active layer very thick – all strategies 
generally aim to keep the emission zone away from the electrodes and avoid the 
surface quenching effects that deteriorate the device performance. We focused on the 
charge transport mechanism through the polymer emissive layer: slowing down the 
fast moving carriers and keeping the others almost unaffected (or even enhancing the 
mobility of the latter) create a charge balance within the active layer and push the 
emission zone within its bulk. This has been achieved via mixing two polymers having 
large energy difference between the respective energy levels of high mobility carriers. 
Thereby, surface / electrode quenching through nonradiative recombination is 
minimized in thin LEDs and bulk is exploited for the radiative output, resulting in high 
efficiency of such devices.

LONG-RANGE PROXIMITY EFFECT BETWEEN A SPIN-
TRIPLET SUPERCONDUCTOR SR RUO  AND A 2 4

FERROMAGNETIC METAL SRRUO3
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Proximity effect between a spin-singlet superconductor (S) and a ferromagnet (F) 
results in many fascinating phenomena. Specially oscillating spin-singlet 
superconducting correlations are induced in the F-layer over a few nm. If magnetic 
inhomogeneity like domain-walls or collinear magnetic layers is present at S/F 
interface the spin-triplet correlations are induced over a micrometre into F-layer. This 
phenomenon is termed as long-range proximity effect [1]. In the past, a lot of 
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experimental and theoretical work has been performed in this area [1,3]. Alternative 
novel and simple approach to realize the long-range proximity effect is to use junctions 
between a spin-triplet superconductor (T) and a F-layer. Theoretically, the proximity 
effect at T/F interface can be controlled by the magnetization direction of F relative to 
the spin direction of the spin-triplet Cooper pairs [4]. 

We study the long-range proximity effect between a ferromagnetic SrRuO  (film) and a 3

spin-triplet superconductor Sr RuO  (substrate) [5]. For this purpose, we prepared 2 4

Au(600-nm)/SrRuO (15-nm)/Sr RuO  double barrier junctions using pulsed laser 3 2 4

deposition to grow SrRuO , sputtering to grow Au-layer, and UV-optical lithography. 3

Differential conductance (dI/dV) as a function of temperature illustrates the 
appearance of multiple superconducting gap-like structures. Such multiple gap-like 
structures are corresponding to two interfaces, Sr RuO /SrRuO , and SrRuO /Au 2 4 3 3

because of occurrence of long-rang proximity effect. Magnetic effect suggests that this 
long-range proximity effect is a direct consequence of the p-wave spin-triplet state of 
Sr RuO . Our work would open-up a new field of research, which would be called 2 4

“Superspintronics”.
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The Dirac-like cone dispersion induced by accidental degeneracy is demonstrated in 
two dimensional dielectric photonic crystals (PCs) of core-shell rods arranged in 
square and triangular lattices. The Dirac-like point (DLP) is achieved at the center of  
Brillouin zone with threefold degenerate state having two bands forming a Dirac cone 
and a third flat band intersecting the cone at the same frequency. This degenerate state 
is accidental and exists only for particular set of parameters of the PC. When the core 
region has higher refractive index than the cladding, the DLP has monopole and dipole 
field configurations. When the core region has lower refractive index than the 
cladding, the DLP is formed by quadrupole and dipole field configurations. The PCs 
exhibiting Dirac-like dispersion formed by monopole and dipole interactions can be 
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mapped to effective  medium  with  refractive  index  equal  to  zero,  known  as  zero-
index-metamaterial.  The response of these zero-index PCs to electromagnetic source 
excitations considering their different geometric configurations was also investigated. 
The phase transformation  effect, the focusing effect and the angular transmission of 
these PCs was demonstrated. Zero-index-metamaterials find applications in cloaking, 
wave-guiding, and photonic circuits.

PHOTO-POLYMERIZATION OF ACRYLATE MONOMERS USING 
A Q-SWITCHED Nd:YAG LASER
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ndA Q-switched Nd: YAG (2  harmonic, 532 nm) laser was used to polymerize n-butyl 
methacrylate (C H O ) and n-octadecyl methacrylate (C H O ) in solvent, ethanol in 8 14 2 20 42 2

the presence of benzoyl peroxide (C H O ) which was used as an initiator. Stimulated 14 10 4

Raman Scattering (SRS) at 630 nm was observed corresponding to a Raman active 
mode during photo-polymerization. Formation of polymer under laser irradiation was 

1confirmed by using FTIR, HNMR and Raman spectroscopic techniques. Different 
parameters, like effect of laser intensity on the % yield of the polymer and exposure 
time for polymerization were investigated. SRS signals observed during the 
experiments were found to correlate well with the extent of polymerization and thus 
confirm real time monitoring of polymerization through SRS. Results proved that the 
1B:1O was the best composition for the polymerization of the monomers under study. 
Hydrodynamic radius of the product was found to be 16 nm. 

EFFECT OF LIGHT ON THE ELECTRON BEAM DETECTION
BY FARADAY CUP
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Experiments were carried out using a 2.2 kJ plasma focus operated in argon. The 
charging voltage was 12 kV and the operating pressure was in the range of 0.7–2.5 
mbar. Several diagnostics were employed during the project, namely, high-voltage 
probe, five-channel PIN diode, Faraday cup, X-ray spectrometer, and 
scintillator–photomultiplier as detectors. In addition, the Lee model code was used for 
calculating X-ray yield and electron beam fluence for comparison with the measured 
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results obtained from the University of Malaya-Dense Plasma Focus (UM-DPF) device. 
The main goal of our project is to conduct an in-depth investigation on electron beam 
emission from the UM-DPF device within a specific pressure range, as well as the X-ray 
emission in the same pressure range. The pressure of 1.7 mbar of argon is the optimum 
operating pressure for X-ray yield and electron beam emission for our plasma focus 
device.

DESIGN AND DEVELOPMENT OF MIE LIDAR SYSTEM FOR  
ATMOSPHERIC MONITORING

N. Yasmin*, G.R. Mangi. N. Sarwar and S. Qureshi
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Mie Lidar system at fundamental wavelength of Nd:YAG laser 1064 nm, with pulse 
energy of 300 mJ and rep rate of 1-20 Hz, pulse duration of 5 nsec has been designed 
and developed at NILOP. The system is made operational for the detection of clouds 
and aerosols. The receiver is a Newtonian telescope with 254 mm dia and 1525 mm 
focal length spherical mirror and an elliptical folding mirror. The detector is C659 
PMT with thermoelectric cooler, in combination with a broad band pulse amplifier. A 
narrow band interference filter has been employed to suppress the day time 
background light. Additionally, a 1.0 mm aperture is used to obtain better near-field 
performance at day time, and reduce the field of view of telescope. Elastic back 
scattered signal up to the range of 3.5 Km has been detected. This paper describes the 
experimental details of the elastic system.

TUNABLE MILLIMETER WAVE SYNTHESIZER USING
OPTICAL TECHNOLOGY
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Millimeter wave (mm-wave) technology is believed to become a cornerstone in future 
wireless communication networks. This promises to provide upto multi Gb/sec 
wireless connectivity for short distances. Millimeter-wave frequency band is almost 
1000 times higher than those of FM radio.  Recently, a significant growth has been 
observed to exploit optical technology in the generation of the ultra-high mm-wave 
frequencies. Moreover, the photonic phenomena are considered for the detection and 
transport of the high data rate radio frequency (RF) signals over long distances, 
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amplification, probing and beam forming, etc. We propose an innovative approach 
that exploits optical injection locking and four-wave mixing (FWM) in optical 
nonlinear devices such as semiconductor ring laser (SRL), and semiconductor optical 
amplifier.  When the high data rate modulated signal along with continuous wave 
(CW) signal at different wavelength are injected into a nonlinear optical device, due 
FWM several modes are enhanced in amplitude and locked in the phase. The distance 
between the enhanced modes is the mm-wave generation carrier. Conversion of high 
speed data onto this mm-wave carrier is demonstrated. 

208



List of Presented Posters



209

1. A High Repetition Rate Light Source
N. Khan and A. Kalair 
Department of Electrical Engineering, COMSATS Institute of Information 
Technology, Islamabad, Pakistan

2. Light Scattering from PEMC Cylinder
Khawaja Masood Ahmed, Ahsan Illahi and Malik Mazhar Ali 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan

3. Scattering and Absorption of Electromagnetic Radiation by a Sphere
Sadia Khatoon and Ahsan Illahi 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

4. Study of Light Scattering from Nihility Cylinder
Malik Mazhar Ali, Ahsan Illahi and Khawaja Masood Ahmed 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan

5. Synthesis of Metallic Nanoparticles by Laser Ablation in Liquid Medium
Afsar Bano and Yasir Jamil 
Department of Physics, University of Agriculture Faisalabad, Faisalabad, 
Pakistan

6. Photoluminescence Effect on Phosphorous Irradiated ZnO Nanotetrapods 
Synthesized by Simple Thermal Oxidation Method
Bushra Aziz, Abdul Majid and Nasar Ahmad 
Department of Physics, University of Azad Jammu & Kashmir, 
Muzaffarabad, Pakistan 

7. Entanglement Dynamics of a Single Three Level V-Type Atom Interacting 
with Two Mode Cavity Field
Ikhlaque Ahmed, Maiyda Arshad and Samia Qadeer
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

LIST OF PRESENTED POSTERS

International Symposium on Light and Life
14-16 October 2015
Islamabad, Pakistan



209

1. A High Repetition Rate Light Source
N. Khan and A. Kalair 
Department of Electrical Engineering, COMSATS Institute of Information 
Technology, Islamabad, Pakistan

2. Light Scattering from PEMC Cylinder
Khawaja Masood Ahmed, Ahsan Illahi and Malik Mazhar Ali 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan

3. Scattering and Absorption of Electromagnetic Radiation by a Sphere
Sadia Khatoon and Ahsan Illahi 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

4. Study of Light Scattering from Nihility Cylinder
Malik Mazhar Ali, Ahsan Illahi and Khawaja Masood Ahmed 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan

5. Synthesis of Metallic Nanoparticles by Laser Ablation in Liquid Medium
Afsar Bano and Yasir Jamil 
Department of Physics, University of Agriculture Faisalabad, Faisalabad, 
Pakistan

6. Photoluminescence Effect on Phosphorous Irradiated ZnO Nanotetrapods 
Synthesized by Simple Thermal Oxidation Method
Bushra Aziz, Abdul Majid and Nasar Ahmad 
Department of Physics, University of Azad Jammu & Kashmir, 
Muzaffarabad, Pakistan 

7. Entanglement Dynamics of a Single Three Level V-Type Atom Interacting 
with Two Mode Cavity Field
Ikhlaque Ahmed, Maiyda Arshad and Samia Qadeer
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

LIST OF PRESENTED POSTERS

International Symposium on Light and Life
14-16 October 2015
Islamabad, Pakistan



211

15. Effect of Ambient Gas Pressure on Directed Velocities and Line Profiles in 
the Expanding Laser Produced Aluminum Plasma
Sadia Haleem, Saira Arif and Mohammad Aslam Khan
Physics Department, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

16. Spectroscopy of Laser Induced Zinc Plasmas under Different Experimental 
Conditions of Laser Irradiance and Ambient Pressures
Kamran Rehan and Mohammad Aslam Khan
Physics Department, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

17. Stimulated Raman Scattering during Pulsed Laser Polymerization of
n-butyl Methacrylate and n-octadecyl Methacrylate
Asma Batool, Asghari Gul, Saira Arif and Muhammad Aslam Khan
Physics Department, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

8. Spectroscopic Studies of Soil from the Junction of Indian and Eurasian 
Tectonic Plates
Imran Rehan, Sami Ul Haq, Kamran Rehan and Riaz Muhammad
Federal Urdu University of Arts, Science and Technology Islamabad, 
Pakistan National Institute of Laser and Optronics, P.O Nilore-Islamabad, 
Pakistan
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

9. Laser ablation: An effective method to synthesize nanoparticles
Kamran Amin, Rizwan Ahmed, Muhammad Javed Iqbal and M. A Baig 
Preston Institute of Nano Science and Technology, Islamabad, Pakistan
Atomic and Laser Physics, National Center for Physics (NCP), Islamabad

10. Effects of Light in Society and Daily Life
Muhammad Shahzad Shifa and Muhamamd Azhar Iqbal 
Department of Physics, Govt. College University Faisalabad, Faisalabad, 
Pakistan 

11. Role of Light in Chemical and Biochemical Analysis
Rafia Rehman, Muhammad Asif Hanif, Muhammad Zahid, Zahid Mushtaq, 
Rabeea Muzaffar and Afsar Bano 
University of Agriculture, Faisalabad, Pakistan
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

12. Fast Response n-GaN metal-Semiconductor-Metal (MSM) Photodetector
T. Munir, Z. Muhammad, M. Fakhar-e-Alam, A. Shahzad, N. Amin 
Physics Department, Govt College University Faisalabad. Pakistan
Microelectronics Division/Center of Excellence in Solid State Physics, 
University of the Punjab, Lahore, Pakistan 

13. Scattering of Plane Wave by a Conducting Cylinder
Poonam Khan and Ahsan Illahi 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

14. Three-Dimensional Atom Localization
Rahmat Ullah, Muqaddar Abbas and Sajid Qamar 
COMSATS Institute of Information Technology, Islamabad, Pakistan 

210



211

15. Effect of Ambient Gas Pressure on Directed Velocities and Line Profiles in 
the Expanding Laser Produced Aluminum Plasma
Sadia Haleem, Saira Arif and Mohammad Aslam Khan
Physics Department, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

16. Spectroscopy of Laser Induced Zinc Plasmas under Different Experimental 
Conditions of Laser Irradiance and Ambient Pressures
Kamran Rehan and Mohammad Aslam Khan
Physics Department, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

17. Stimulated Raman Scattering during Pulsed Laser Polymerization of
n-butyl Methacrylate and n-octadecyl Methacrylate
Asma Batool, Asghari Gul, Saira Arif and Muhammad Aslam Khan
Physics Department, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

8. Spectroscopic Studies of Soil from the Junction of Indian and Eurasian 
Tectonic Plates
Imran Rehan, Sami Ul Haq, Kamran Rehan and Riaz Muhammad
Federal Urdu University of Arts, Science and Technology Islamabad, 
Pakistan National Institute of Laser and Optronics, P.O Nilore-Islamabad, 
Pakistan
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

9. Laser ablation: An effective method to synthesize nanoparticles
Kamran Amin, Rizwan Ahmed, Muhammad Javed Iqbal and M. A Baig 
Preston Institute of Nano Science and Technology, Islamabad, Pakistan
Atomic and Laser Physics, National Center for Physics (NCP), Islamabad

10. Effects of Light in Society and Daily Life
Muhammad Shahzad Shifa and Muhamamd Azhar Iqbal 
Department of Physics, Govt. College University Faisalabad, Faisalabad, 
Pakistan 

11. Role of Light in Chemical and Biochemical Analysis
Rafia Rehman, Muhammad Asif Hanif, Muhammad Zahid, Zahid Mushtaq, 
Rabeea Muzaffar and Afsar Bano 
University of Agriculture, Faisalabad, Pakistan
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

12. Fast Response n-GaN metal-Semiconductor-Metal (MSM) Photodetector
T. Munir, Z. Muhammad, M. Fakhar-e-Alam, A. Shahzad, N. Amin 
Physics Department, Govt College University Faisalabad. Pakistan
Microelectronics Division/Center of Excellence in Solid State Physics, 
University of the Punjab, Lahore, Pakistan 

13. Scattering of Plane Wave by a Conducting Cylinder
Poonam Khan and Ahsan Illahi 
Department of Physics, COMSATS Institute of Information Technology, 
Islamabad, Pakistan 

14. Three-Dimensional Atom Localization
Rahmat Ullah, Muqaddar Abbas and Sajid Qamar 
COMSATS Institute of Information Technology, Islamabad, Pakistan 

210





List of Speakers



213

LIST OF SPEAKERS

International Symposium on Light and Life
14-16 October 2015
Islamabad, Pakistan

6. Dr. Javaid Anwar
Advisor
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: drjavedanwar@comsats.edu.pk

7. Dr. Muhammad Sabieh Anwar
Associate Professor
Department of Physics
Lahore University of Management 
Sciences (LUMS)
Lahore, Pakistan
Email: sabieh@lums.edu.pk

8. Dr. Muhammad Shahbaz Anwar
Post-doc Researcher
Quantum Materials Lab.
Department of Physics 
Kyoto University
Kyoto, Japan
Email: anwar@scphys.kyoto-u.ac.jp

9. Dr. Saira Arif
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT), Park Road, Chak 
Shahzad, Islamabad, Pakistan
Email: saira.arif@comsats.edu.pk

10. Dr. Tanveer Ashraf
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road 
Islamabad, Pakistan

1. Dr. Adam Ahmed
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: safiqau@gmail.com

2. Dr. Mushatq Ahmed
Director 
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road 
Islamabad, Pakistan
Email: mahmed5555@yahoo.com

3. Dr. Zahid Ali
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road, Islamabad, Pakistan

4. Prof. Maria Allegrini
Professor
Dipartimento di Fisica
'Enrico Fermi’
Università di Pisa
Largo Bruno Pontecorvo 3
Pisa, Italy
Email: maria.allegrini@unipi.it

5. Prof. Hakan Altan
Associate Professor
Department of Physics
Middle East Technical University 
(METU), Universiteler Mah Dumlupinar 
Bulv No 1, Cankaya 06800 
Ankara, Turkey
Email: haltan@metu.edu.tr



213

LIST OF SPEAKERS

International Symposium on Light and Life
14-16 October 2015
Islamabad, Pakistan

6. Dr. Javaid Anwar
Advisor
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: drjavedanwar@comsats.edu.pk

7. Dr. Muhammad Sabieh Anwar
Associate Professor
Department of Physics
Lahore University of Management 
Sciences (LUMS)
Lahore, Pakistan
Email: sabieh@lums.edu.pk

8. Dr. Muhammad Shahbaz Anwar
Post-doc Researcher
Quantum Materials Lab.
Department of Physics 
Kyoto University
Kyoto, Japan
Email: anwar@scphys.kyoto-u.ac.jp

9. Dr. Saira Arif
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT), Park Road, Chak 
Shahzad, Islamabad, Pakistan
Email: saira.arif@comsats.edu.pk

10. Dr. Tanveer Ashraf
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road 
Islamabad, Pakistan

1. Dr. Adam Ahmed
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: safiqau@gmail.com

2. Dr. Mushatq Ahmed
Director 
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road 
Islamabad, Pakistan
Email: mahmed5555@yahoo.com

3. Dr. Zahid Ali
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road, Islamabad, Pakistan

4. Prof. Maria Allegrini
Professor
Dipartimento di Fisica
'Enrico Fermi’
Università di Pisa
Largo Bruno Pontecorvo 3
Pisa, Italy
Email: maria.allegrini@unipi.it

5. Prof. Hakan Altan
Associate Professor
Department of Physics
Middle East Technical University 
(METU), Universiteler Mah Dumlupinar 
Bulv No 1, Cankaya 06800 
Ankara, Turkey
Email: haltan@metu.edu.tr





214 215

29. Dr. Irfan Memon
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: irfan.memon@comsats.edu.pk

30. Dr. Soon Xi Ng
Associate Professor in 
Telecommunications
School of Electronics and Computer 
Science
University of Southampton
University Road
Southampton SO17 1BJ, UK
Email: sxn@ecs.soton.ac.uk

31. Dr. Osman M. Omar
Researcher
Industrial Research and Consultancy 
Centre (IRCC)
P.O. Box 268, Khartoum, Sudan
Email: osmanircc@yahoo.com

32. Prof. Sajid Qamar
Professor 
Department of Physics
COMSATS Institute of Information 
Technology (CIIT), Park Road, Chak 
Shahzad, Islamabad, Pakistan
Email: sajid_qamar@comsats.edu.pk

33. Dr. Muhammad Raffi
Professor
Materials Division
National Institute of Lasers & Optronics 
(NILOP), Lehtarar Road 
Islamabad, Pakistan
Email: muhammad_raffi@hotmail.com

34. Dr. M. Yasin Akhtar Raja
Professor
Center for Optoelectronics & Optical 
Communications 
University of North Carolina (UNC) 
9201 University City Blvd., 
Charlotte, USA 
Email: raja@uncc.edu

23. Dr. Rameez ul Islam
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road 
Islamabad, Pakistan

24. Ms. Anam Kalair
Student
Electrical Engineering Department
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad
Islamabad, Pakistan
Email: anamkalair@gmail.com

25. Prof. Nasrullah Khan Kalair
Professor
Electrical Engineering Department 
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: nasrullahk@yahoo.com

26. Dr. Salman Khan
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT), 
Islamabad, Pakistan
Email: sksafi@comsats.edu.pk

27. Prof. Muhammad Zubair Khan
Assistant Professor & Head
Department of Applied Physics
Federal Urdu University of Arts, Science 
& Technology
G-7/1, Zero Point
Islamabad, Pakistan
Email: zubair_niazi@fuuastisb.edu.pk; 
mzk_qau@yahoo.com

28. Dr. Arshad Mahmood
National Institute of Lasers & Optronics 
(NILOP)
Lehtarar Road 
Islamabad, Pakistan

17. Dr. Andrea Goldoni
Senior Researcher
Elettra - Sincrotrone Trieste
S.S. 14 km 163.6 in Area Science Park, 
34149, Trieste, Italy
Email: goldonia@elettra.eu

18. Dr. Asghari Gul
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: asghari.gul@comsats.edu.pk

19. Dr. Muhammad Umair Hassan
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: umayrpk@gmail.com

20. Dr. Anwar Hussain
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT), Park Road, Chak 
Shahzad, Islamabad, Pakistan
Email: anwar_ktk@comsats.edu.pk

21. Dr. Zahid Hussain
Division Deputy 
Scientific Support Group
Lawrence Berkeley National Laboratory 
(LBNL), 1 Cyclotron Rd, Berkeley 
CA 94720, USA 
Email: zhussain@lbl.gov

22. Prof. Masroor Ikram
Director (Academics)
Pakistan Institute of Engineering & 
Applied Sciences (PIEAS)
P. O. Nilore
Islamabad, Pakistan
Email: masroor@pieas.edu.pk

11. Dr. Muhammad Khizar Bhutta
Solid State Lighting Materials & 
Devices Global Lead Scientist
Research & Engineering Technology 
Center, Whirlpool Corporation
World Hqs., 750 Monte RD. Md5130, 
Benton Harbor, MI 49022, USA
Email: Muhammad_khizar@whirlpool.com

12. Dr. Iqbal Chaudhry
Staff Engineer
Qorvo, Inc.
7628 Thorndike Road, Greensboro, 
NC 27409, NC, USA
Email: iqbal.chaudhry@qorvo.com

13. Mr. Fatih Degirmenci
Senior Researcher
Materials Institute
TUBITAK Marmara Research Center
Baris mah. Dr. Zeki Acar cad. No:1
Gebze/Kocaeli, Turkey
Email: fatih.degirmenci@tubitak.gov.tr

14. Dr. Hani Elsayed-Ali
Batten Endowed Professor & Eminent 
Scholar 
Electrical & Computer Engineering
Old Dominion University (ODU)
5115 Hampton Boulevard
Norfolk, VA 23529, USA
Email: helsayed@odu.edu

15. Dr. Muhammad Faryad
Assistant Professor
Department of Physics
Lahore University of Management 
Sciences (LUMS)
Lahore, Pakistan
Email: muhammad.faryad@lums.edu.pk

16. Dr. Fazal Ghafoor
Associate Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT)
Islamabad, Pakistan
Email: fazal_ghafoor@comsats.edu.pk



216

41. Dr. Atta Ullah
National Institute of Lasers & 
Optronics (NILOP)
Lehtarar Road, Islamabad, Pakistan

42. Dr. Abdul Waheed
National Institute of Lasers & 
Optronics (NILOP)
Lehtarar Road 
Islamabad, Pakistan

43. Dr. Zahid Yaqoob
Research Scientist
Massachusetts Institute of Technology 
(MIT)
77 Massachusetts Avenue
Cambridge, MA 02139, USA
Email: zyaqoob@mit.edu

44. Dr. Nighat Yasmin
Deputy Chief Scientist
National Institute of Lasers & 
Optronics (NILOP)
Lehtarar Road 
Islamabad, Pakistan
Email: nighat_pervaz@yahoo.com

45. Prof. Dr. S. M. H. Zaidi
Principal and Dean 
School of Electrical Engineering and 
Computer Science (SEECS)
National University of Sciences and 
Technology (NUST)
NUST Campus, H-12
Islamabad, Pakistan
Email: drzaidi@seecs.edu.pk

46. Dr. Ziauddin
Assistant Professor
Department of Physics
COMSATS Institute of Information 
Technology (CIIT)
Park Road, Chak Shahzad 
Islamabad, Pakistan
Email: ziauddin@comsats.edu.pk

35. Dr. Marjan Rajabi
Assistant Professor
Iranian Research Organization for 
Science and Technology (IROST)
Sh. Ehsani Rad st., Parsa Sq., 
Ahmadabad Mostoufi Rd., Azadegan 
Highway, Tehran
Islamic Republic of Iran
Email: rajabi_m1@yahoo.com

36. Dr. Amir Khurrum Rashid
Associate Professor
Namal College
30-km, Tallagang Road
Mianwali, Pakistan
Email: amir.khurrum@namal.edu.pk

37. Prof. Nabeel A. Riza
Dean of the School of Engineering
University College Cork
Electrical Engineering Building
College Road 
Cork, Ireland
Email: n.riza@ucc.ie

38. Dr. Wolfgang Sandner
ELI-DC International Association 
(AISB) 
The Extreme Light Infrastructure and 
DESY
Zeuthen, Germany

39. Dr. Samia Tabassum
Senior Scientific officer
Institute of Fuel Research & 
Development (IFRD)
Bangladesh Council of Scientific and 
Industrial Research (BCSIR)
Dr. Qudrat-i-Khuda Road, Dhanmondi
Dhaka, Bangladesh
Email: shawon14@gmail.com

40. Prof. Greg. Tallents
Professor
Department of Physics
York Plasma Institute
University of York
York, United Kingdom
Email: greg.tallents@york.ac.uk



List of Organizations Represented



217

1. Abdul Wali Khan University, Mardan
2. COMSATS Head Quarters, Islamabad
3. COMSATS Institute of Information Technology (CIIT) , Islamabad
4. COMSATS Institute of Information Technology(CIIT), Lahore
5. Dow University of Health Sciences, Karachi
6. Federal Urdu University of Arts, Sciences & Technology, Islamabad
7. Government College University Faisalabad, Faisalabad
8. Government College University, Lahore
9. Hamdard University, Karachi
10. Haqooq ul Ebad Development Foundation, Gujrat
11. Hazara University, Mansehra
12. Institute of Space Technology, Islamabad
13. International Islamic University, Islamabad
14. Kohat University of Science and Technology, Kohat
15. Lahore University of Management Sciences, Lahore
16. Mirpur University of Science and Technology, Mirpur, AJK
17. Namal College Mianwali, Mianwali
18. National College of Business Administration & Economics, Lahore
19. National Institute of Lasers and Optronics, Islamabad
20. National University of Science and Technology, Islamabad
21. NESCOM, Islamabad
22. Pakistan Atomic Energy Commission, Islamabad
23. Pakistan Institute of Engineering and Applied Sciences, Islamabad
24. PINSTECH, Islamabad 
25. Preston Institute of Nano Science and Technology, Islamabad
26. Preston University, Islamabad
27. Quaid-i-Azam University, Islamabad
28. University of Agriculture Faisalabad, Faisalabad
29. University of Azad Jammu and Kashmir, Muzaffarabad, AJK
30. University of Malakand, Chakdara, Malakand
31. University of Peshawar, Peshawar
32. University of Punjab, Lahore
33. University of Sargodha, Sargodha
34. Women University of Azad Jammu & Kashmir, Bagh, AJK

LIST OF ORGANIZATIONS REPRESENTED

International Symposium on Light and Life
14-16 October 2015
Islamabad, Pakistan



217

1. Abdul Wali Khan University, Mardan
2. COMSATS Head Quarters, Islamabad
3. COMSATS Institute of Information Technology (CIIT) , Islamabad
4. COMSATS Institute of Information Technology(CIIT), Lahore
5. Dow University of Health Sciences, Karachi
6. Federal Urdu University of Arts, Sciences & Technology, Islamabad
7. Government College University Faisalabad, Faisalabad
8. Government College University, Lahore
9. Hamdard University, Karachi
10. Haqooq ul Ebad Development Foundation, Gujrat
11. Hazara University, Mansehra
12. Institute of Space Technology, Islamabad
13. International Islamic University, Islamabad
14. Kohat University of Science and Technology, Kohat
15. Lahore University of Management Sciences, Lahore
16. Mirpur University of Science and Technology, Mirpur, AJK
17. Namal College Mianwali, Mianwali
18. National College of Business Administration & Economics, Lahore
19. National Institute of Lasers and Optronics, Islamabad
20. National University of Science and Technology, Islamabad
21. NESCOM, Islamabad
22. Pakistan Atomic Energy Commission, Islamabad
23. Pakistan Institute of Engineering and Applied Sciences, Islamabad
24. PINSTECH, Islamabad 
25. Preston Institute of Nano Science and Technology, Islamabad
26. Preston University, Islamabad
27. Quaid-i-Azam University, Islamabad
28. University of Agriculture Faisalabad, Faisalabad
29. University of Azad Jammu and Kashmir, Muzaffarabad, AJK
30. University of Malakand, Chakdara, Malakand
31. University of Peshawar, Peshawar
32. University of Punjab, Lahore
33. University of Sargodha, Sargodha
34. Women University of Azad Jammu & Kashmir, Bagh, AJK

LIST OF ORGANIZATIONS REPRESENTED

International Symposium on Light and Life
14-16 October 2015
Islamabad, Pakistan








	Page 1
	Page 2
	i. Inner Title.pdf
	Page 1
	Page 2

	ii List of Sponsoring Organizations.pdf
	Page 1
	Page 2

	iii. ToC.pdf
	Page 1
	Page 2

	iv. Inaugural Picture.pdf
	Page 1
	Page 2

	v. Foreword.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	vi. In Memorium.pdf
	Page 1
	Page 2

	vii. Symposium Report.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	viii. Technical Programe.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

	ix. Picture Gallery.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

	01. Maria Allegrini.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

	02. GJ Tallents.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

	03. Zahid Hussain.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

	04. Yasin Raja.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

	05. Khizer Bhutta.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

	06. Hani Alsayed.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

	07. Nabeel A Riza.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26

	08. Soon.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

	09. Zahid Yaqoob.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

	10. Iqbal Ch.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

	11. Hakan Altan.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

	12. Marjan Rajabi.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

	13. Usman Omer.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

	14. Abstracts of Other Papers.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20

	15. List of Poster Presented.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

	16. List of Speakers.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

	17. List of Organizations Represented.pdf
	Page 1
	Page 2
	Page 3
	Page 4

	Title Page.pdf
	Page 3
	Page 4

	Title page1.pdf
	Page 1
	Page 2

	i. Inner Title-CURVED-1.pdf
	Page 1
	Page 2

	ii List of Sponsoring Organizations-CURVED-1.pdf
	Page 1
	Page 2

	viii. Pg-11-Technical Programe-CURVED.pdf
	Page 1

	Pg-21.pdf
	Page 1

	Pg-25.pdf
	Page 2

	pg 34.pdf
	Page 1

	pg 36.pdf
	Page 2

	pg 44.pdf
	Page 3

	pg 52.pdf
	Page 1

	pg 53.pdf
	Page 2

	pg 138.pdf
	Page 1

	pg 151.pdf
	Page 1

	pg 158.pdf
	Page 2

	pg 214.pdf
	Page 1

	Title page1.pdf
	Page 1
	Page 2

	Blank page.pdf
	Page 1

	Blank page.pdf
	Page 1


