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Welcome
2014 was another year of thaumaturgic 
growth for the Aston Institute of Photonic 
Technologies. Forty five new researchers have 
joined AiPT in the past two years. These are 
quite shocking numbers. We are approaching 
one hundred staff borderline, and, I hope, it 
would be understandable that all or most of 
my thoughts are around this theme. 2014 was 
another good year for AiPT, both in terms of 
research productivity, international visibility, 
number of new projects (specifically should 
be mentioned Wladek Forysiak’s EPSRC 
Manufacturing Fellowship) and initiatives aimed 
at creating the foundation for further growth in 
the years to come. How stable and sustainable 
is our progress? I do not know, but I hope and I 
am even sure that more good things will come 
and, in any case, AiPT will move forward: 
“due to lack of interest, tomorrow will not be 
cancelled.”

As we know, all gains are the fruit of venturing, 
however, it is also truth, that growth and 
comfort do not coexist, and I am more 
comfortable to be chary about this growth. 
In mathematical terms, one can distinguish 
between three basic types of growth. First, 
linear – when speed of growth is constant and 
does not depend on the growing parameter 
(for instance, a number of researchers); 
second, exponential – when the speed of 
growth is proportional to the parameter; and 
third explosive – when the speed of growth is 
proportional to the growing parameter in the 
power higher than one (e.g. two). In the first 
case, the growth will be linear, in the second – 
exponential and in the third it will be faster than 
exponential (formally, it will grow to infinity in 
finite time). We, certainly, do not want to grow 
the number of AiPT researchers to infinity in 
finite time – this would require infinite space 
to locate those researchers and infinitely 
hard discussions with the Estates. Anyway, 

fortunately, all three types of growth can be 
saturated at some point by exhausting of 
resources, by limiting space for growth and by 
other factors. After all, academics can submit 
and run only a finite number of grants (that bring 
new researchers). In the first type of process, 
growth does not depend on the scale of what 
you have already, in the second case, the more 
researchers you get, the higher will be speed 
of growth, and in the third, if the researchers 
interact with each other positively and produce 
more grants together than without interacting 
then your growth is even faster. What am I 
trying to say here, instead of talking about 
our successes in 2014? Probably, you already 
know this. When right people are together and 
are doing something coherently, their power 
is more than just a sum of individual powers. 
This nonlinear accumulative or interference 
effect can be a great enhancing factor. This is, 
of course, only theory. “In theory, there is no 
difference between theory and practice. But in 
practice, there is.” 

In this report you will find information about 
our recent progress. This progress is based 
on the quality of the AiPT staff and also on 
their interactions with each other. I am sure 
that our massive international collaborations 
contribute strongly to the right atmosphere of 
the exchange of knowledge and networking. 
Our joint venture – centre of photonics with 
Novosibirsk University works very well, making 
an important contribution to our research 
achievements. In 2014 we formed a second 
joint centre – with the University of Electronic 
Science and Technology of China. The 
concept of both the joint research centres is 
extremely simple – mutual benefit to AiPT and 
the host side measured as increase of top level 
research publications. In our strategic plans is 
the creation of the Aston Photonics Education 
Centre, where our research will produce the 

most efficient impact of top quality teaching. In 
four recent years AiPT was awarded 18 Marie 
Skłodowska-Curie Fellowships clearly showing 
our international standing and reputation in 
research and training. We can build on this. 
Our development leads us to new questions to 
be answered. Growth – to the question: how 
can we operate in saturation regime? How can 
academics having large number of projects 
can contribute to new projects? Our recently 
started outreach activity sets a question: how 
can we involve more researchers in these 
activities? How can we make outreach a part 
of the load model?

The mission of the Aston Institute of Photonic 
Technologies is through research integrated 
with education to generate and advance 
knowledge and innovation in photonics and 
translate the scientific breakthroughs into 
technology making industrial, economic 
and societal impact. I hope, that in 2015 we 
will make the next steps in establishing AiPT 
as a centre of excellence in photonics, with 
global international visibility, reputation as a 
trailblazer in research and innovation, strong 
industrial links and knowledge transfer, 
strategic industrial partnerships, and a beacon 
of photonic learning and public outreach 
activities, ranked among the top academic 
photonic centres in the world. 

 

Sergei K. Turitsyn

AiPT Mission
The mission of the Aston Institute of Photonic 
Technologies is through research integrated 
with education to generate and advance 
knowledge and innovation in photonics and 
translate the scientific breakthroughs into 
technology making industrial, economic and 
societal impact.

AiPT Vision
Through growth and consolidation of the 
current leading position and expansion of 
our capability, by 2020 the Aston Institute 
of Photonic Technologies will be a centre 
of excellence in photonics, with global 
international visibility, reputation as a 
trailblazer in research and innovation, strong 
industrial links and knowledge transfer, several 
strategic industrial partnerships, and a beacon 
of photonic learning and public outreach 
activities, ranked among the top academic 
photonic centres in the world. 

AiPT Aims
Based on our vision and mission, we 
aim to expand our research, translational 
and outreach activities through attracting 
world leading academics, talented young 
researchers and students, the development of 
world class laboratory facilities commensurate 
with AiPT growth, building sustainable 
financial operational model, establishing 
the Aston Photonics Education Centre , and 
joining efforts with the other groups at the 
School of Engineering and Applied Science, 
Aston Business School and School of Life & 
Health Sciences in creating the Aston Impact 
Acceleration Centre. The Aston Institute of 
Photonic Technologies will be developing 
guided by the four interconnected strategic 
goals: research, post-graduate education, 
translational activities and public outreach.
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Highlights

 �Prof. Michael Sumetsky has been granted 
a prestigious Royal Society Wolfson 
Research Merit Award for his work into 
‘Surface Nanoscale Axial Photonics’. The 
Award aims to provide universities with 
additional support to enable them to attract 
scientific talent from overseas and retain 
respected UK scientists of outstanding 
achievement and potential.
 � Two AiPT Professors Edik Rafailov and 
Sergei Turitsyn have been awarded A. A. 
Lebedev medals by the Rozhdestvensky 
Optical Society. The A.A. Lebedev medal 
is awarded for outstanding achievements 
in the fields of optics, lasers and laser 
technology, the application of physical 
optics and for promotion of laser science.
 � Light Night proposal is funded, with a 
score of 13.5/15. The proposal has given 
rise to Lightfest a one day event to promote 
photonics to the general public. The award 
is from the EC Marie S Curie Researcher 
Night programme. Researcher Night is 
a public outreach programme, designed 
to allow EC funded researchers to 
communicate their research findings to the 
general public. This proposed Researcher 
Night – will coincide with the UNESCO 
Year of Light 2015, it will bring together the 
AiPT, Aston University, with the Library of 
Birmingham and Community Arts Group, 
the Flatpack Film Festival, to deliver an 
afternoon and evening of public engaging 
content, informed by EC funded research, 
to raise the enormous importance of 
photonics research to local schools, 
community groups and library visitors. 
 �Prof. Andrew Ellis was a guest speaker at 
the Industry and Parliament Trust’s policy 
discussion on the future of technology 
development in the UK. The debate 
focussed on the relationship between 
investments in technology and productivity 
as well as barriers to success in an 
increasingly globally competitive market.

 �Prof. Sergei Turitsyn, was awarded the 
Leverhulme Trust Visiting Professorship 
grant to host Prof. Yuri Kivshar, Head of the 
Nonlinear Physics Centre at the Australian 
National University, for six months. Prof. 
Kivshar, a world-leading expert in nonlinear 
physics and physics of metamaterials, will 
collaborate with AiPT staff on a project 
focussed on the novel applications of 
meta-materials and nanostructures for 
application in photonic devices.
 �AiPT PhD student, Mingming Tan 
(supervised by Dr. Paul Harper), was 
awarded ‘Best Student Paper’ at the 
Asia Communications and Photonics 
Conference – the largest conference 
in the Asia-Pacific region on optical 
communication, photonics and relevant 
technologies that took place in China, 
Shanghai, November 2014.
 �Prof. Sergei Turitsyn was invited to attend 
the UK launch of the International Year 
of Light, hosted at St James’s Palace in 
London by HRH the Duke of York. The 
reception speakers included Mr. Greg 
Clark, Universities, Science and Cities 
Minister. The event brought together 
representatives of light-based industries, 
research, policy and non-governmental 
organisations from across the UK and 
Europe.
 �AiPT achieved remarkable new success 
in the highly competitive European 
Marie Sklodowska Curie Program. AiPT 
has been awarded seven fellowships 
from the scheme in the areas of optical 
communications, laser science, sensing 
and non-photonics making. This success 
confirms the world leading international 
standing and reputation of AiPT. 
 �Profs Nick Doran and Andrew Ellis were 
awarded a 4-year £780K ESPRC grant 
entitled “Ultimate Passive Optical Network 
(UPON)”. This project builds on previous 
EPSRC-funded work with Swansea 
University and UCL on fibre optical 
parametric amplifiers and capacity limits, 
and on the networks research in FP7 
project DISCUS. The project will explore 

the optimum network configuration, 
utilising the unique advantages of 
parametric amplifiers to enhance next 
generation access networks. 
 �Dr. Wladek Forysiak has been awarded 
£1.5m for a prestigious manufacturing 
fellowship, one of only four awarded this 
year by the Engineering and Physical 
Sciences Research Council (EPSRC). 
The project – ‘Towards Manufacturing 

of “Massive WDM” Metro (ToM3)’, aims 
to address the technology, architecture, 
performance and manufacturing needs of 
next generation optical communications 
systems for metro networks. Prof. Lin 
Zhang, Lin Zhang and Dr. Paul Harper 
from AiPT will also be working on the 
project, along with project partners II VI 
Incorporated and Oclaro Technology. 

Honours and Awards

AiPT WORKSHOP ON MULTICHANNEL REGENERATION
On 24th October Aston Institute of Photonic Technologies hosted an international workshop on 
multichannel optical regeneration.

The workshop was organised by the UNLOC researchers Dr Mariia Sorokina and Dr Stylianos 
Sygletos  and brought together leading experts from US and Europe to discuss the emerging 
opportunities and challenges in optical multi-wavelength regeneration, such as Prof. Antonella 
Bogoni, National Laboratory of Photonic Networks CNIT, Italy; Dr. Francesca Parmigiani and Dr. 
Costantino Corbari, University of Southampton, UK; Dr. William Whelan-Curtin (Liam O’Faolain), 
University of St Andrews, UK; Prof. Michael Vasilyev, University of Texas at Arlington. USA; Prof. 
Taras Lakoba, University of Vermont, USA.

The event covered both theoretical and experimental aspects of the topic, including state-of-the-
art and recent trends in the field related to subsystem development, featuring devices
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During 2014 the following people were affiliated with the Institute
People

Academic Staff
Prof. Sergei Turitsyn 
Institute Director

s.k.turitsyn@aston.ac.uk

Prof. David Webb 
AiPT Deputy Director

d.j.webb@aston.ac.uk 

Prof. Lin Zhang 
AiPT Deputy Director

l.zhang@aston.ac.uk 

Prof. Keith Blow k.j.blow@aston.ac.uk

Prof. Nick Doran n.j.doran@aston.ac.uk

Prof. Andrew Ellis andrew.ellis@aston.ac.uk

Prof. David B. Payne d.payne@aston.ac.uk 

Prof. Edik U. Rafailov e.rafailov@aston.ac.uk

Prof. Misha Sumetsky m.sumetsky@aston.ac.uk

Dr. Natalia Bazieva n.bazieva@aston.ac.uk

Dr. Sonia Boscolo s.a.boscolo@aston.ac.uk 

Dr. Wladek Forysiak w.forysiak@aston.ac.uk

Dr. Paul Harper p.harper@aston.ac.uk 

Dr. Vladimir Mezentsev v.mezentsev@aston.ac.uk

Dr. Alex Rozhin a.rozhin@aston.ac.uk

Dr. Kate Sugden k.sugden@aston.ac.uk

Dr. Xuewen Shu x.shu@aston.ac.uk

Dr. Elena Turitsyna e.g.turitsyna@aston.ac.uk  

Dr. John Williams j.a.r.williams@aston.ac.uk

AiPT Fellows 
Dr. Kaiming Zhou k.zhou@aston.ac.uk

Dr. Stylianos Sygletos  s.sygletos@aston.ac.uk

Research Staff
Dr. Thomas Allsop t.d.p.allsop@aston.ac.uk 

Dr. Dmitry Churkin d.churkin@aston.ac.uk

Dr. Christian Sanchez 
Costa

c.sanchez-costa@aston.ac.uk

Dr. Mykhaylo Dubov m.dubov@aston.ac.uk 

Dr. Atalla El-Taher eltaheae@aston.ac.uk

Mr. Simmon Fabbri s.fabbri@aston.ac.uk  

Dr. Farsheed Farjady f.farjady@aston.ac.uk

Dr Filipe Ferreira f.ferreira@aston.ac.uk

Dr. Ksenia Fedorova k.fedorova@aston.ac.uk 

Dr. Elias Giacoumids e.giacoumidis@aston.ac.uk 

Dr. Neil T. Gordon n.gordon@aston.ac.uk

Dr. Andrey Gorodetsky a.gorodetsky@aston.ac.uk

Dr. Tatiana Habruseva t.habruseva@aston.ac.uk

Dr. Daniel Lee d.lee@aston.ac.uk

Dr. Graham Lee g.lee3@aston.ac.uk 

Dr. Jianfeng Li lij27@aston.ac.uk

Dr. Yury Loika y.loika@aston.ac.uk

Dr. Naoise MacSuibhne n.mac-suibhne@aston.ac.uk 

Dr. Carlos Marques c.marques@aston.ac.uk

Dr. Mary McCarthy m.mccarthy@aston.ac.uk 

Dr. Chengbo Mou Mouc1@aston.ac.uk 

Dr. Vladimir Kalashnikov v.kalashnikov@aston.ac.uk

Dr. Stanislav Kolpakov 
Nikitin

s.kolpakov@aston.ac.uk

Dr. Sergey Kulinich s.kulinich@aston.ac.uk

Dr. Junsong Peng j.peng@aston.ac.uk

Dr. Andreas Perentos a.perentos@aston.ac.uk

Dr. Ian Phillips  i.phillips@aston.ac.uk 

Dr. Yaroslav Prylepskiy y.prylepskiy1@aston.ac.uk

Dr. David Saez-
Rodriguez

d.saez-rodriguez@aston.ac.uk

Dr. Qizhen Sun q.sun2@aston.ac.uk

Dr. Sergey Sergeyev s.sergeyev@aston.ac.uk 

Dr. Sergei Sokolovsky s.sokolovsky@aston.ac.uk

Dr. Mariia Sorokina m.sorokina@aston.ac.uk

Dr. Marc Stephens m.stephens@aston.ac.uk

Dr. Ilya Titkov i.titkov@aston.ac.uk

Dr. Zhijun Yan Yanz1@aston.ac.uk

Dr. Wei Zhang w.zhang@aston.ac.uk

Dr. Junxi Zhang j.zhang10@aston.ac.uk

Dr. Zuxing Zhang z.zhang13@aston.ac.uk 

AiPT Marie Curie Research Fellows
Dr. Tatiana Habruseva t.habruseva@aston.ac.uk

Dr. Sergey Kulinich s.kulinich@aston.ac.uk

Dr. Jianfeng Li lij27@aston.ac.uk

Dr. Naoise MacSuibhne n.mac-suibhne@aston.ac.uk 

Dr. Carlos Marques c.marques@aston.ac.uk

Dr. Junsong Peng j.peng@aston.ac.uk

Dr. David  
Saez-Rodriguez

d.saez-rodriguez@aston.ac.uk

Dr. Qizhen Sun q.sun2@aston.ac.uk

Dr. Stylianos Sygletos s.sygletos@aston.ac.uk

Dr. Junxi Zhang j.zhang10@aston.ac.uk

Dr. Zuxing Zhang z.zhang13@aston.ac.uk 
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Professional Staff
Mr. Andrew Abbot 
Technician

a.m.abbot@aston.ac.uk

Dr. Noreen Akhtar 
Research Project 
Manager 

n.akhtar11@aston.ac.uk

Dr. Christiane Doering-
Saad 
TRIPOD Project 
Manager

C.DOERING-SAAD@aston.ac.uk

Ms. Tatiana Kilina 
Research project 
manager

t.kilina@aston.ac.uk

Mrs. Swaroopa Mucheli 
Sudhakar 
AiPT Technician

s.mucheli-sudhakar@aston.ac.uk

Mrs. Helen Yard  
Academic Support 
Administrator Team 

h.m.yard@aston.ac.uk

New Members 2014
Academic Staff
Dr. Natalia Bazieva n.bazieva@aston.ac.uk

Prof. Edik U. Rafailov e.rafailov@aston.ac.uk

Research Staff
Dr. Christian Sanchez Costa c.sanchez-costa@aston.ac.uk

Dr. Ksenia Fedorova k.fedorova@aston.ac.uk  

Dr. Filipe Ferreira f.ferreira@aston.ac.uk

Dr. Andrey Gorodetsky a.gorodetsky@aston.ac.uk

Dr. Vladimir Kalashnikov v.kalashnikov@aston.ac.uk

Dr. Daniel Lee d.lee@aston.ac.uk

Dr. Yury Loika y.loika@aston.ac.uk

Dr. Carlos Marques c.marques@aston.ac.uk

Dr. Sergey Kulinich  s.kulinich@aston.ac.uk

Dr. Andreas Perentos a.perentos@aston.ac.uk 

Dr. Junsong Peng  j.peng@aston.ac.uk

Dr. Sergei Sokolovsky s.sokolovsky@aston.ac.uk

Dr. Qizhen Sun q.sun2@aston.ac.uk

Dr. Ilya Titkov  i.titkov@aston.ac.uk 

Dr. Junxi Zhang j.zhang10@aston.ac.uk 

Research Students
Mr. Mohammed Alaraimi alarammm@aston.ac.uk

Mr. Mohammad Al-Khateeb alkhamaz@aston.ac.uk

Mr. Abdulyezir Ayomipo Badmos badmosaa@aston.ac.uk

Mr. Vladimir Gordienko gordienv@aston.ac.uk

Mr. Md Asif Iqbal iqbalm7@aston.ac.uk

Mr. Morteza Kamalian Kopae kamaliam@aston.ac.uk

Mr. Auro Michele Perego peregoa@aston.ac.uk

Mr. Andreas Pospori a.posporis@aston.ac.uk

Mr. Amit Yadav yadava@aston.ac.uk

Mr. Michal Zubel zubelmg@aston.ac.uk 

Mr. Modestas Zulonas zulonasm@aston.ac.uk

AiPT Personnel
Personnel 2014 2013
Academic Staff 19 16

AiPT Fellows 2 2

Research Staff 38 23

Marie-Curie Research Fellows 9 4

Research Students 26 21

Project Managers 3 2

Technicians 2 1

Research Students
Mr. Adedotum Adebayo adebayae@aston.ac.uk

Ms. Ada Abang abangam@aston.ac.uk

Mr. Mohammad Al-Khateeb alkhamaz@aston.ac.uk

Mr. Mohammed Alaraimi alarammm@aston.ac.uk

Mrs. Raz Arif arifrna@aston.ac.uk 

Mr. Abdulyezir Ayomipo 
Badmos

admosaa@aston.ac.uk

Mr. Md Asif Iqbal iqbalm7@aston.ac.uk

Mr. Adenowo Gbadebo gbadebaa@aston.ac.uk 

Mr. Vladimir Gordienko gordienv@aston.ac.uk

Mr. Huseyin Karakuzu karakuzh@aston.ac.uk

Mr. Morteza Kamalian Kopae kamaliam@aston.ac.uk

Mr. Son Thai Le let1@aston.ac.uk

Mr. Athanasios Manolis manolisa@aston.ac.uk 

Mr. Ehikioya Obode obodee@aston.ac.uk

Mr. Auro Michele Perego peregoa@aston.ac.uk

Mr. Andreas Posporis a.posporis@aston.ac.uk

Mr. Janarthanan Rasakanthan rasakanj@aston.ac.uk 

Mr. Pawel Rosa  rosap@aston.ac.uk 

Mr. Srikanth Sugavanam sugavans@aston.ac.uk  

Mr. Zhongyuan Sun sunz5@aston.ac.uk 

Mr. Mingming Tan tanm@aston.ac.uk  

Mr. Nikita Tarasov tarasovn@aston.ac.uk 

Mr. Changle Wang wangc15@aston.ac.uk

Mr. Amit Yadav yadava@aston.ac.uk

Mr. Michal Zubel zubelmg@aston.ac.uk

Mr. Modestas Zulonas zulonasm@aston.ac.uk
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Visiting Researchers in AiPT in 2014
People

 �Prof. Andrey Okhrimchuk, Russian 
Academy of Sciences, Russia
 �Prof. Boris Vayner, Rzhanov Institute of 
Semiconductor Physics of Siberian Branch 
of Russian Academy of Science 
 �Prof. Alexander Rubenchik, Lawrence 
Livermore National Lab (USA)
 �Prof. Levon Mouradian, Yerevan State 
University, Armenia
 �Dr. Hani Kbashi, School of Physics and 
Astronomy at University of Southampton
 �Dr. Arkady Shipulin, Institute of Applied 
Physics,Friedrich Schiller University,Jena, 
Germany
 �Dr. Oleg Gorbunov, Institute of Automation 
and Electronometry Siberian Branch of 
Russian Academy of Science
 �Novosibirsk, Russia
 �Dr. Sergey Popov, Institute of Radio 
Engineering and Electronics RAS (Fryazino 
Branch), Moscow, Russia
 �Dr. Evgenii Sholokhov, Prokhorov General 
Physics Institute, Moscow, Russia
 �Dr. Ilya Vatnik, Institute of Automation 
and Electrometry SB RAS, Academician 
Novosibirsk, Russia
 �Dr. Yuri Dulashko, OFS labs, USA
 �Dr. Vladimir Osipov, Odoevskogo ul Minsk, 
Balerus
 �Dr. Haitham Hamnza, Cairo University, 
Egypt
 �Dr. Xavier Fernando, Ryerson University, 
Ryerson Communications Lab, IEEE 
Communications Society, Canada
 �Dr. Anand Srivastava, School of Computing 
and Electrical Engineering Indian Institute 
of Technology Mandi, India
 �Dr. Stanislav Derevyanko, Weizmann 
Institute of Science, Israel
 �Dr. Alexander Turchin, Institute of Physics 
of the National Academy of Sciences of 
Ukraine, Kiev, Ukraine
 �Dr. Sergei Kukarin, Novosibirsk State 
University, Novosibirsk, Russia
 �Dr. Andrey Sukhorukov, Australian National 
University, Australia 

 �Dr. Hongwei Yin, Optics and Spectrum 
Group, National University of Defense 
Technology, CHINA 
 �Dr. Ljupco Hadjievskii, Vinča Institute, 
Atomic Physics, University of Belgrade, 
Belgrade
 �Dr. Dimitar Kroushkov, VPI Photonics, 
VPIphotonics GmbH, Berlin Germany
 �Dr. Aleksei Sysoliatin, General Physics 
Institute, Russian Academy of Sciences, 
Moscow, Russia 
 �Dr. Maria Chernysheva, Fiber Optics 
Research Center of the Russian Academy 
of Sciences, Moscow, Russia
 �Dr. Guoliang Xu, Nanjing University in 
China
 �Dr. Vladislav Dvoyrin, Norwegian University 
of Science and Technology, Norway
 �Mr. Serhii Krasmovyd, National Academy of 
Sciences of Ukraine, Ukraine
 �Dr. Mohd Zamani Bin Sulkifli, University of 
Malaya, Malaysia
 �Dr. Sergei Papernyi, MBP Communication, 
Canada
 �Dr. Sander Wahls, Delft Centre for Systems 
and Control, Netherlands
 �Dr. Malgorsata Gil, Sklodowska University, 
Poland
 �Dr. Onur Cetinkaya, Sklodowska University, 
Poland
 �Mr. Ghokhan Demirci Sklodowska 
University, Poland
 �Dr. Vlolodymyr Yukhymchuk, 
VE Lashkaryov Institute of 
SemiconductorPhysics, National Academy 
of Science, Ukraine 
 �Dr. Marco Part, Tartu University, Estonia
 �Prof. Andrey Okhrimchuk, Russian 
Academy of Sciences, Russia
 �Dr. Feng Wang, Nanjing University, China
 �Dr. Yongguang Huang, Chinese Academy 
of Sciences, Beijing, China
 �Dr. Andreas Theodosiou, Frederick 
University, Cyprus
 �Dr. Yuri Dulashko, the Bell Labs, USA
 �Mr. Ilia Ankudinov, Novosibirsk State 
University, Russia 

Mr. Mkhitar Mkhitaryan Moscow Institute of 
Physics and Technology, Moscow Russia
 �Mr. Mikhail Melkumov, Fiber Optics 
Research Centre of theRussian Academy 
of Sciences, Moscow, Russia
 �Mr. Penziakov Grigorii, Moscow Institute of 
Physics and Technology, Moscow,Russia
 �Ms. Marina Zajnulina, Leibniz-Institut für 
Astrophysik Potsdam (AIP), Potsdam, 
Germany
 �Mr. Ivo Leite, University of Dundee, UK
 �Mr. Leonid Kochkurov, Saratov Technical 
State University, Saratov, Russia
 �Mr. Thomas Rabl, University of Dundee, UK
 �Ms. Miu Yoong Leong, Acreo, Stokholm, 
Sweden
 �Mr. Sergey Turtaev, University of Dundee, 
UK
 �Ms. Olesia Iushko, Novosibirsk State 
University, Novosibirsk, Russia

 �Ms. Ana Radosavljevic, Vinča Institute, 
Atomic Physics, University of Belgrade, 
Belgrade
 �Mr. Oleksandr Hreshchuk, Lashkaryov 
Institute of Semiconductor Physics in Kiev, 
Ukraine
 �Mr. Semen Ponomarov, Lashkaryov 
Institute of Semiconductor Physics in Kiev, 
Ukraine
 �Mr. Fangcheng Shen, Wuhan National 
Laboratory for Optoelectronics, Huazhong 
University of Science and Technology, P. 
R. China
 �Mr. Arvind Mishra, Sterlite Technologies 
Limited, India
 �Ms. Christina-Angela Kyparisi, University of 
Patras, Greece
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Focus #1
Prof. Edik Rafailov

Biography
Since 1987, Prof. Edik Rafailov has been 
engaged in the research and development 
of novel semiconductor lasers, nonlinear and 
integrated optics. Prof. Rafailov received his 
PhD degrees from the Loffe Institute. In 2005 he 
established a new group in Dundee University 
and in 2014 he and his Optoelectronics and 
Biomedical Photonics Group moved to Aston 
University. 

Prof. Rafailov has carried out pioneering 
work in the area of novel compact lasers 
and nanomaterials called ‘quantum dots 
in ultrafast science and technology’. His 
development work in new generation of low-
cost, compact and turn-key lasers based on 
quantum dot structures has had a significant 
economic impact, enabling affordable ultrafast 
applications and facilitating emergence of new 
applications. Prof. Rafailov’s research has had 
positive effects in many new applications, 

particularly in healthcare where non-invasive 
portable optical diagnostic and therapeutic 
tools have become a reality in medical care. 
Such laser sources have already found uses in 
hospitals, particularly in Ninewells Hospital in 
Dundee where multiphoton imaging systems, 
micromachining, material diagnostics and 
spectroscopy are currently being routinely 
used. Prof. Rafailov has authored and co-
authored over 350 articles in refereed journals 
and conference proceedings, including two 
books (WILEY), five invited chapters and 
numerous invited talks on SPIE, LEOS and 
CLEO. He also holds ten UK and two US 
patents. He was responsible for the first 
demonstration of Al-free laser diodes, for this 
work he personally (1993) and his group (1994) 
was awarded from International Science 
Foundation (ISF). Work on novel laser diodes 
(in collaboration with Prof. Zh.I.Alferov, Nobel 
Prize winner in 2000) was also awarded by ISF 
in 1994. Prof. Rafailov is also responsible for 
the first demonstration of femtosecond pulse 
generation directly from quantum-dot laser 
diodes (2005).

Prof. Rafailov coordinated a €14.7M FP7 FAST-
DOT project – development of new ultrafast 
lasers for Biophotonics applications. Currently, 
he coordinates the €11.8M NEWLED project 
aims to develop a new generation of white 
LEDs. He also leads other projects funded 
by FP7 EU and EPSRC and KTP funding. His 
current research interests include high-power 
CW, ultrashort-pulse lasers; generation of 

UV/Visible/IR/MIR and THz radiation, nano-
structures; nonlinear and integrated optics; 
biophotonics.

Key Publications in 2014
 �K.A. Fedorova, G.S. Sokolovskii, M. 
Khomylev, D.A. Livshits, E.U. Rafailov, 
“Efficient yellow-green light generation at 
561 nm by frequency-doubling of a QD-
FBG laser diode in a PPLN waveguide”, 
Opt. Lett., v.39(23), p. 672-4, 2014. 
 �G.S.Sokolovskii, V.V.Dudelev, 
S.N.Losev, K.K.Soboleva, A.G.Deryagin, 
K.A.Fedorova, V.I.Kuchinskiia, W.Sibbett, 
E.U.Rafailov, “Bessel beams from 
semiconductor light sources”, J. Progress 
in Quantum Electronics, v.38(4), p.157-188, 
2014.
 �A.V. Dunaev, V. V. Sidorov, A. I. Krupatkin, 
I. E. Rafailov, S. G. Palmer, N. A. 
Stewart, S. G. Sokolovski, E. U. Rafailov 
“Investigating tissue respiration and skin 
microhaemocirculation under adaptive 
changes and the synchronization of blood 
flow and oxygen saturation rhythms”, 
Physiological Measurement, v.35, p.607-
621, 2014.
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Focus #2
Prof. Misha Sumetsky 

Breakthrough in nanophotonics: 
fabrication of miniature  
photonic circuits with  
sub-angstrom precision
An optical phenomenon “localization of light 
in an optical fibre with nanoscale radius 
variation”, recently discovered by Sumetsky 
[1] led to the development of a novel 
technological platform – Surface Nanoscale 
Axial Photonics (SNAP) – for the fabrication of 
miniature ultralow loss photonic circuits at the 
surface of an optical fibre with unprecedented 
sub-angstrom precision [2-4]. SNAP considers 
slow propagation of a whispering gallery 
mode (WGM) in an optical fibre. The speed 
of propagation of these modes is so slow 
that it can be governed by extremely small 
nanometre-scale changes of the optical fibre 
radius which can be introduced with a CO2 
laser. This phenomenon is employed in SNAP 
to fabricate miniature ultralow loss photonic 
integrated circuits with fabrication precision 
which is two orders of magnitude higher and 
the propagation loss which is two orders of 
magnitude lower than that in silicon photonics.

The invention of SNAP was announced in 
numerous media outlets and was the result 
of several years of research by Sumetsky on 
optical microresonators and micro/nanofibres 
at the OFS Laboratories (formerly a part of the 
famous Bell Laboratories). 

Sumetsky graduated from the Saint-Petersburg 
State University, Russia, with a PhD and DSc 
degree. In 1995, he joined Bell Laboratories, 

USA. In 2001, Sumetsky continued his research 
at OFS Labs after transition of the Optical Fiber 
Research Department of Bell Labs into the 
OFS Labs of the Furukawa Electric Company. 
In 2013 he joined the AiPT at Aston University, 
UK, where he is currently Prof. of Photonics. 
His present research interests are in optics 
of microresonators, micro/nanofibers, and 
nanophotonics. 

In recognition of his scientific achievements, 
Sumetsky has been elected a Fellow of the 
Optical Society of America and appointed by 
Aston University to continue his research in 
micro- and nano-photonics in collaboration 
with researchers at AiPT. In November 2013 he 
relocated to Aston University and in May 2014 
received the Royal Society Wolfson Research 
Merit Award to develop the SNAP technology 
in the UK from fundamentals to practical 
applications.

The invention of SNAP was the result of 
research by Sumetsky aimed at the fabrication 
of optical microdevices with improved precision 
and smaller attenuation of light compared to 
all other photonics technologies developed to 
date. In 2004, he invented an optical microbottle 
resonator [5], which, since that time, is 
used and explored in many research labs 
worldwide for different applications. In 2004 
Sumetsky invented and in 2007 experimentally 
demonstrated an optical microcoil resonator 
[6], which was suggested for creation of ultra-
small and ultralow-loss three-dimensional 
photonic circuits by wrapping optical 
microfibres on cylindrical rods. His important 

fundamental result obtained in 2006-
2007 was the discovery and experimental 
demonstration of the fundamental limit of the 
optical waveguide width [7]. Later, in 2010 
Sumetsky demonstrated a silica microbubble 
resonator with a micron wall thickness [8]. 
This device, as well as his previous inventions 
(e.g., microbottle and microcoil resonators) 
was widely explored in numerous research 
labs worldwide. Based on the SNAP platform 
invented in 2011, in 2013 he demonstrated a 
fundamentally new type of slow light delay line 
with ground breaking performance [4] which 
may serve as the key element for the future 
optical signal processing and computing. Very 
recently, working together with PhD student 
Leonid Kochkurov, Sumetsky has introduced 
a new type of microresonator, nanobump 
resonator [9]. Understanding properties of this 
resonator is critical for the future development 
of SNAP.

SNAP is the main topic of Sumetsky’s current 
research. It is anticipated that this technology 
will find breakthrough applications ranging 
from fundamental physics and sensing to 
communications and optical computing. 

1. M. Sumetsky, “Localization of light in 
an optical fiber with nanoscale radius 
variation,” Postdeadline Paper, CLEO/
Europe and EQEC 2011 Conference 
Digest, OSA Technical Digest (CD) (Optical 
Society of America), paper PDA_8, 2011.

2. M. Sumetsky, D. J. DiGiovanni, Y. 
Dulashko, J. M. Fini, X. Liu, E. M. Monberg, 
and T. F. Taunay, “Surface nanoscale axial 

photonics: robust fabrication of high-
quality-factor microresonators,” Optics 
Letters,Vol. 36, pp. 4824-4826, 2011.

3. M. Sumetsky and Y. Dulashko, “SNAP: 
Fabrication of long coupled microresonator 
chains with sub-angstrom precision,” 
Optics Express, Vol. 20, pp. 27896-27901, 
2012.

4. M. Sumetsky, “Delay of Light in an Optical 
Bottle Resonator with Nanoscale Radius 
Variation: Dispersionless, Broadband, and 
Low Loss”, Physical Review Letters, Vol. 
111, Art. 163901, 2013.

5. M. Sumetsky, “Whispering-gallery-bottle 
microcavities: the three-dimensional 
etalon,” Optics Letters, Vol. 29, pp. 8-10, 
2004.

6. M. Sumetsky, “Optical fiber microcoil 
resonator,” Optics Express, Vol. 12, pp. 
2303-2316, 2004.

7. M. Sumetsky, “How thin can a microfiber 
be and still guide light,” Optics Letters, Vol. 
31, Issue 7, pp. 870-872, 2006.

8. M. Sumetsky, Y. Dulashko, and R. S. 
Windeler, “Optical microbubble resonator,” 
Optics Letters Vol. 35, pp. 898-900, 2010.

9. L. Kochkurov and M. Sumetsky, 
“Nanobump microresonator,” Optics 
Letters (in press, 2015).
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Stylianos Sygletos studied electrical 
engineering at the National Technical 
University of Athens (NTUA), from where he 
received his diploma degree in 2000. In 2005, 
he received a PhD degree from the same 
University for his research work in the field of 
optical communications. 

He did his first post-doc at Athens 
Information Technology Centre, in the group 
of Prof. I. Tomkos, working on the multi-layer 
optimisation of optical networks. At that time, 
this was a new and rapidly growing field of 
research, targeting the routing and network 

dimensioning problem not only from a traffic 
demand perspective, but also from taking into 
account the performance of the physical layer. 
He received international acknowledgement 
for his contribution in the field by developing 
new and computationally efficient impairment 
constraint-based routing algorithms, suitable 
for dynamically reconfigurable optical 
networks. 

From 2007 to 2009, Stylianos joined the 
Institute of Photonics and Quantum Electronics 
at the University of Karlsruhe, where he 
investigated new methods for performing all-

optical signal processing with quantum dot 
semiconductor optical amplifiers (QD-SOAs). 
Specifically, he designed and implemented 
novel filtering schemes, which exploited the 
particular amplitude and phase response 
characteristics of these devices and enabled 
wavelength conversion functionalities at 
record modulation speeds. 

In 2009, Stylianos joined the group with 
Prof. Andrew Ellis at Tyndall National Institute 
(TNI). There, he worked primarily on the 
implementation of optical phase sensitive 
amplifiers/regenerators (PSAs), but also on the 
development of analogue coherent transmitter 
and receiver technologies for all-optical OFDM 
super-channels. It was a fruitful period of his 
research career which gave him the opportunity 
to produce many internationally recognised 
contributions, among them, the development 
of a novel carrier extraction and phase locking 
scheme for PSAs, which enabled the first 
practical, i.e. “black-box”, PSA regenerator for 
binary phase shift keying (BPSK) modulated 
signals. The latter demonstration was a 
collaborative experiment, which took place 
within the framework of the European research 
programme PHASORS, and led to a high 
impact factor publication in Nature Photonics. 
By extending the same phase locking scheme, 
he subsequently managed to achieve for the 
first time dual channel operation of the phase 
regenerator in highly non-linear fibres and in 
bulk SOA devices. 

Stylianos has been a Marie Curie Research 
Fellow at AiPT performing research in the field 

of all-optical signal processing for advanced 
signal formats. Specifically, he is focusing on 
the design and implementation of novel all-
optical 2R/3R regenerator concepts for future 
high-capacity transmission systems, as well 
as, on the design and development of add-
drop multiplexer architectures for OFDM/
Nyquist WDM signals. His interests extend 
also in the areas of transmission modelling and 
MIMO based digital signal processing for few 
mode fibre systems.

During his career Stylianos has actively 
participated in more than ten EU research 
projects of the ICT framework and currently 
he is a co-investigator in two of them, namely 
the FOX-C and INSPACE projects. He has 
published more than 120 publications in peer 
reviewed academic journals and refereed 
international conference proceedings (20  
were invited).

Stylianos serves as a referee for several peer-
reviewed academic journals and he maintains 
active international collaborations with several 
research centres and major industrial players 
including Athens Information Technology 
Centre (Prof. I. Tomkos), Optoelectronic 
Research Centre (Prof. D. Richardson), ETH 
Zurich (Prof. J. Leuthold), Karlsruhe Institute of 
Technology (Prof. C. Koos), Hebrew University 
of Jerusalem (Prof. D. Marom), Bell Labs,  
Dr. P. Ramandanis) FINISAR (Dr. Shalva  
Ben Ezra), Coriant (Dr. Danish Rafique), 
amongst others.
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Focus #4
Sergei G.  
Sokolovski
Before joining AiPT, Sergei had longstanding 
scientific career in fundamental and applied 
sciences in protein chemistry, biochemistry, 
cell molecular biology, photobiology and 
biophotonics and has finally driven his 
knowledge towards optical diagnostics 
system design and applications in medicine 
and biology.

He graduated from Byelorussian State 
University, Minsk in 1989 with Honour MSc 
in Biology studied chemical modification of 
red-light-sensing photoreceptor phytochrome. 
Continuing this research in Institute of 
Photobiology, National Academy of Sciences 
of Belarus, Minsk, he obtained his PhD in 
Biophysics for research of photo-regulation 
of calcium membrane transport in plant cells. 
For this research Sergei was awarded with 
Young Scientists Prize of National Academy of 
Sciences of Belarus. Starting from 1995 he had 
sabbaticals in German universities (Jena and 
Karlsruhe) to study plant photo-morphogenesis 
with non-invasive 3D electrophysiological 
approach gaining knowledge in photobiology 
and in vivo organ development. In 2000 Sergei 
moved to the United Kingdom continued 
studying ion channels and cytosolic calcium 
regulation by membrane traffic proteins 
(SNAREs) related to plant cell nutrition and 
stress protection. During this period he was 
awarded two successful grant applications: as 
a Principle Investigator for a two-year project 
for molecular mechanisms of phytochrome 
isoforms in cell calcium regulation funded by 
Byelorussian Funding of Fundamental Studies 
(1998) and Co-investigator in BBSRC research 

grant of KCO1 ion channels functional analysis 
and interactions (2005, £252k). He also was 
named Research Fellow in the research project 
of SNAREs roles in plant signalling funded 
by Leverhulme Trust (2004, £186k). During 
this period he published 25 articles in world 
leading journals (PNAS, Plant Physiology, The 
Plant Cell) and two chapters in invited books.

Since 2008 when Sergei started at the 
University of Dundee he used his two 
decades experience in different physical 
and cell molecular biology methods along 
with knowledge of fundamental principles 
of light perception by living organisms and 
cellular signalling mechanisms, to exploit 
semiconductor lasers and laser-based systems 
in diagnostics and phototreatment of different 
diseases and pathologies. This included skin 
and bladder cancers diagnostics, changes in 
tissue metabolism in response to cholesterol-
rich diet, adaptation of cardiovascular 
system to physical and emotional stresses, 
proving the concept of the non-toxic (without 
photosensitizers) killing of the cancer cells by 
direct activation of the molecular oxygen with 
near-infrared laser irradiation (Sci. Reports, 
(NPG) 2013). These became possible due 
to applications of non-invasive laser-based 
multifunctional diagnostic system developed in 
collaboration with a number of the British and 
Europe SMEs (SPE LAZMA ltd, M-squared 
Laser System Ltd, 2M Engineering Ltd.). This 
research has been funded through EPSRC 
and EU FP7 scheme grants, where Sergei was 
either Leading Research Fellow (MEDILASE, 
2010) or Co-investigator (ABLADE, 2013) and 

co-author (INSPIRE SUPA, 2012; PHOQUS, 
2014). During this period Sergei had over 12 
publications including one chapter in invited 
books and patent owned by M Squared 
Laser System (Glasgow) and successful grant 
applications in total over £2m. Pursuing this 
direction of Biophotonics research in AiPT can 
yield in the future, in the creation of compact 
and affordable optical system(s) for non-
invasive diagnostics and miniature wellbeing 
monitoring individual systems.
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The AiPT has an impressive portfolio of 
grant funding, industrial and international 
collaborations, spin-out companies, highly 
cited research papers and patents all 
demonstrating excellence in the field and 
well working strategy. 

The EU funding in 2014 includes: 9 FP7 
Marie Curie IIF/IEF projects in the field of 
mid-infrared fibre lasers, communications, 
mode-locked fibre lasers, photonic materials, 
nano-science and sensing applications. Two 
FP7 IRSES projects link AiPT research to 
the world leading international centers in the 
areas of photonic materials, laser systems and 
wireless communication networks. The FP7 
Industry Academia Partnerships and 
Pathways project GRIFFON coordinated 
by AiPT is an example of international 
academia-industry collaboration in green 
technology networks. Two FP7 Initial 
Training Network (ITN) project: ICONE 
– Allied Initiative for Training and Education 

in Coherent Optical Networks and TRIPOD 
– Training & Research Involving Polymer 
Optical Devices). Four FP7 ICT projects are 
aligned with CDT activities in integrative 
photonic technologies and access-network 
applications. The ERC Advanced Investigator 
Project ULTRALASER. The first AiPT 
application to the Marie Curie Researchers 
Night ‘Light Fest’ has been awarded under 
Horizon 2020. AiPT has been involved in a 
successful Erasmus Mundus partnership. 
Aston is one of seven European partners 
who will undertake a 4-year programme 
of funded exchanges of PhD students, 
post-doctoral fellows, and staff members 
with The Australian National University and 
Massey University (New Zealand) in the field 
of nanophotonics.

EPSRC grants include: the £4.8m UNLOC 
Programme Grant with UCL (£2.1m at Aston); 
Wideband Optical Communication Systems; 
Grating and waveguide plasmonic sensors, 

recently awarded project PEACE – Petabit 
Energy Aware Capacity Enhancement (£1.2m) 
and a prestigious EPSRC Manufacturing 
Fellowship ‘Towards Manufacturing of 
“Massive WDM” Metro (ToM3)’, aims to 
address the technology, architecture, 
performance and manufacturing needs of 
next generation optical communications 
systems for metro networks.

The ERDF Fibre Optics Phase 2 – Photonics 
project aims to establish collaboration with 
West Midlands SMEs (40 in the new project 
and 60 SMEs assisted in Phase 1). A number 
of other industrial and international projects 
include grants/contracts from: The Royal 
Society, US Air Force, Arden Photonics, 
Astasense Limited, Knowledge Transfer 
Partnership projects, EPSRC Dorothy 
Hodgkin Award, EC NATO, the Royal 
Academy of Engineering, British Council, 
TSB Project with Branscan, Russian Ministry 
of Education & Science and others.

AiPT Current Awards

Funder No. Awards Total Award Value (£)

EUROPEAN COMMISSION 27 £7,390,323.23

ESPRC 5 £5,741,966.96

Leverhulme Trust 3 £486,402.00

Technology Strategy Board 1 £184,304.46

ERDF Fibre Optics Phase 2-Photonics 1 £385,942.00

Knowledge Transfer Partnerships 2 £312,203.18

The Royal Society 3 £212,136.99

EPSRC Dorothy Hodgkin Postgraduate Award 1 £45,000.00

Small industrial contracts 2 £29,000.00

US AIR Force 1 £29,678.35

Russian Ministry of Education & Science 1 £61,102.44

Grand Total 47 £14,878,059.61

Research

Research Portfolio
Dr. Carlos Marques 
MC IEF POSSIBLE 
Host: Prof. David Webb

Carlos A. F. Marques received his PhD degree in 
Physics Engineering from the University of Aveiro, 
Portugal, in 2013. His PhD thesis was on the 
development of fibre-optic components for optical 
communications and sensing. From 2007 to March 
2014, he was with Instituto de Telecomunicações, 
Aveiro, Portugal. He participated in many 
national and international research projects of 
the FCT-Portugal and EU’s Seventh Framework 
Programme. Currently, he is a Marie Curie IEF 
researcher in AiPT. The research project called 
as POSSIBLE (Polymer Optical Sensing System 
Innovation Benefits Leadership Education) involves 
the collaboration with two companies. The two 
key research objectives are to develop optical fibre 
sensing systems for fuel level monitoring in aircraft 
and acoustic/vibration sensors for oil exploration 
and security applications. The project seeks to 
take a significant step beyond the state of the art 
by taking advantage of recent rapid developments 
in the field of polymer optical fibre sensors. He 
authored or co-authored more than 60 journal and 
conference technical papers with emphasis on 
optical communications and sensing applications.

Marie Skłodowska-
Curie Individual  
Fellows Profiles
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Dr. Jianfeng Li
MC IIF MIDFIL 
Host: Prof. Lin Zhang

Dr. Junsong Peng
MC IIF ULTRAFIL  
Host: Prof. Sergei Turitsyn

Dr. Peng received his doctorate from Shanghai 
Jiaotong University, China, in 2013. Following 
the, Dr. Peng joined the Royal Institute of 
Technology, Sweden to begin a postdoc, 
focusing on ultrafast Thulium doped fibre 
lasers. He joined Aston University in November, 
2014, supported by Marie Curie International 
Incoming Fellowships. 

Dr. Peng’s research interests include ultrafast 
fibre lasers, nonlinear fibre optics, and solitons. 
He is currently working on manipulating pulse 
shapes especially Nyquist pulse generation 
in ultrafast fibre lasers, by employing wave 
shape technology in passive mode-locked 
fibre lasers. Usually, pulses shapes are limited 
to Gaussian, Sech, or parabolic types in these 
lasers. It is of great interest to diversify pulse 
shapes for applications. For instance, Nyquist 
pulses are attractive in optics communications 
as they possess a rectangular spectrum, 
enabling data to be encoded in a minimum 
spectral bandwidth and satisfying by  
essence the Nyquist criterion of zero  
inter-symbol interference.

Dr. Junxi Zhang
MC IIF Plasm-on-fibre  
Host: Prof. Lin Zhang

Junxi Zhang received his PhD degree in 
condensed matter physics from the Institute of 
Solid State Physics (ISSP), Chinese Academy 
of Sciences in 2006. He was appointed as 
an associate professor for nanomaterials 
in the ISSP in 2009. His research interest 
is focused on nanoplasmonics. In 2014, 
Dr. Junxi Zhang joined the AiPT as a Marie 
Curie International Incoming Fellow. His 
research project on advanced plasmonic-
on-fibre devices for optical communication 
and sensing applications (Plasm-on-fibre) via 
this International Incoming Fellowship (IIF) 
programme will transfer his knowledge and 
expertise to the AiPT to carry out the research 
in the area of plasmonics.

Dr. Naoise  
Mac-Suibhne
MC IEF SOLAS 
Host: Prof. Andrew Ellis 

Dr. Naoise Mac Suibnhe (M) obtained 
BE(Hons) and PhD in optical communications 
from the department of Electronic and 
Electrical Engineering, University College 
Cork in 2014 for his work on spatially 
multiplexed optical transmission systems 
and novel modulation formats, preforming 
the first direct quantitative measurements of 
four wave mixing enhancement in few mode 
fibre and of the performance benefit of the 
polarisation switched QPSK format. He has 
authored/co-authored more than 20 peer 
reviewed publications and is a currently a 
Marie Skłodowska-Curie Fellow in the AiPT. 
His current project on Spatial and Orbital 
Light for Advanced Systems (SOLAS) targets 
the development of disruptive spatial division 
multiplexing technology merged with the 
radical new technology of orbital angular 
momentum (OAM) to deliver low cost, high 
capacity communication networks.

Marie Skłodowska-Curie Individual Fellows Profiles (continued)

In 2008 Dr. Jianfeng Li received his PhD degree 
in Optics from Sichuan University. In the same 
year, he joined School of Optoelectronic 
Information, University of Electronic Science 
and Technology of China (UESTC) and was 
appointed to an Associate Prof. In 2011 Dr. 
Jianfeng Li joined the Centre for Ultrahigh 
Bandwidth Devices for Optical Systems 
(CUDOS) at University of Sydney (Australia) as 
a visiting scientist. In 2013 he joined the AiPT 
as a Marie Curie International Incoming Fellow. 
Dr. Li’s project is about mid-infrared fibre 
lasers. Mid-infrared fibre laser is a type of novel 
fibre lasers operating at the wavelength range 
of 2~20 µm which not only contains some 
strong vibration transitions of many important 
molecules, but also covers the atmospheric 
transmission windows of 3~5 µm and 8~13 
μm. Therefore, they are favoured by medical, 
biomolecular sensing, chemical, defence? 
material processing, etc. Dr. Li’s projects are 
mainly focused on fabrication of new FBG 
and TFG operated at mid-infrared waveband 
and also combining some new materials to 
construct high-performance mid-infrared 
fibre lasers with high power, high energy or  
ultrafast pulse.
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Dr. Tatiana Habruseva
MC IEF HARMOFIRE 
Host: Prof. Sergei Turitsyn

Dr. Tatiana Habruseva graduated from 
Belarusian State University, Minsk in 2008 
and received a PhD degree in Applied Physics 
from Cork Institute of Technology and Tyndall 
National Institute in 2012. Since then Tatiana 
has worked on various European projects 
aimed in development of optical sources for 
a range of practical applications, including 
water purification (AQUA-PULSE), fiber-optic 
communications (HARMOFIRE) and remote 
sensing (TUSELAMO). Her current research 
interests include semiconductor and fibre 
mode-locked lasers, LEDs and applications of 
laser optics. The HARMOFIRE project aimed 
in design, development and optimisation of 
cost-efficient stable ultrafast fibre lasers for 
a range of practical applications. Stabilised 
mode-locked fibre lasers are important 
sources for a range of applications such 
as optical communications, frequency 
metrology, medical imaging, micro machining 
and femtochemistry. The key objectives of 
the project included development of novel 
theoretical approaches allowing modelling and 
stabilisation of harmonic mode-locked fibre 
lasers, fast polarisation monitoring and cost-
effective stabilisation in fibre lasers. 

Dr. Zuxing Zhang
MC IIF DISCANT 
Host: Prof. Sergei Turitsyn

Dr. Zuxing Zhang received his PhD degree 
from Shanghai Jiao Tong University, and 
pursued his postdoctoral researches at Beijing 
University of Posts and Telecommunications, 
Tohoku University and Bilkent University. 
Zuxing’s is a Marie Curie research fellow at 
the AiPT. His research interests include fibre 
lasers, nonlinear optics, fibre optics, and 
optical communications. He has published 
more than 30 papers in reputed journals. 
Zuxing’s Marie Curie project is to develop new 
concepts, techniques and approaches to the 
new design of new fibre lasers based on a 
transfer of the methods of nonlinear science 
into the field of optical engineering, including 
development of a new class of lasers based 
on dispersion-managed dissipative solitons in 
the context of fibre and hybrid fibre-bulk laser 
systems, and implement of ultrashort pulse 
lasers using new carbon nanotube material 
and tilted fibre grating. Recently, a novel fibre 
laser of bright-dark pulse pair was developed.

Sergey Kulinich
MC IIF NPS4FM 
Host: Dr. Alex Rozhin

Dr. Qizhen Sun
MC IIF SOFST 
Host: Prof. Lin Zhang

Sergey Kulinich received his PhD in Inorganic 
Chemistry from Moscow State University, 
Russia, in 1998. From 1999 to February 2014, 
he worked as a postdoctoral fellow or research 
associate at several universities in Japan and 
Canada: The University of Tokyo (Department 
of Materials Engineering), University of 
Quebec in Chicoutimi (Department of Applied 
Sciences), University of British Columbia 
(Department of Chemistry), and Osaka 
University (Graduate School of Engineering). 
His research topics covered various fields 
of materials science and applied physics: 
thin ferroelectric films; protective coatings 
on aluminium surface; superhydrophobic 
surfaces; nanomaterials prepared via laser 
ablation in liquid, and so on. Currently, Sergey 
is a Marie Curie IIF researcher in the AiPT. 
The research project deals with nanomaterial 
preparation and device fabrication, aiming at 
novel sensors and laser components. He co-
authored about 70 papers published in the 
fields of materials science, applied physics, 
nanomaterials, and surface science.

Qizhen Sun received her PhD degree in 
Physical Electronics from Huazhong University 
of Science and Technology (HUST), China, in 
2008. From 2008 to 2014, she was with the 
School of Optical and Electronic Information 
(SOEI) in HUST and the National Engineering 
Laboratory of Next Generation Internet Access 
System (NEL-NGIAS), China, as the Associate 
Prof. of Optoeletronics. Her research interest 
focuses on optical fibre sensing and information 
processing. Qizhen led and participated 
a number of funded research projects/
programmes, authored or co-authored more 
than 100 journal and conference technical 
papers, and owned nine patents. Currently, 
she is a Marie Curie IIF researcher in AiPT. The 
research project called as SOFST (Knowledge 
Transfer of Smart Optical Fibre Sensor 
Technologies) involves the collaboration with 
four university research groups and four 
industry companies. The project seeks to 
develop novel and high function optical fibre 
sensors and systems by exploring advanced 
gratings, speciality fibres, nano/bio coating 
materials and laser photonics, and then offer 
solutions for low-cost, high performance 
sensors to meet the increasing application 
demands in environmental sensing, medical 
and health care and food quality and security 
control.

Research

19



Research area

Optical 
Communications
Communication services are critical to the 
people of the UK and the British economy. 
Ofcom’s 2014 annual Infrastructure Report 
indicated that the average UK adult now 
spends more time using these services than 
sleeping. This change in our social behaviour 
has been enabled by the universal connectivity 
afforded by advances in mobile and WiFi 
networks, and also by fixed broadband 
technology which now offers over 100Mbit/s 
to home users. However, irrespective of how 
we access the internet, hidden from view, over 
99% of our data is carried around the country, 
and beyond, by optical fibre communication 
networks which rely on photonics technology. 
These optical systems are being deployed 
ever-closer to the end-user, at home, at 
work, and on the move, and are critical to our 
modern information society.

AiPT’s optical communications research 
group is working on several key aspects 
of optical fibre communications to enable 
society’s every increasing demands for 
information. Our research programmes 
include UNLOC (Unlocking the capacity of 
Optical Communications) which addresses 
capacity limits in core networks, and this year 
demonstrated that advanced amplification 
and all-optical processing can be combined 
to yield a system whose performance exceeds 
the nonlinear Shannon limit.

AiPT’s interests also include optical metro 
and access networks, and in particular the 
EU project DISCUS which is developing 
network solutions based on long-reach 

passive optical networks (PONs) to deliver 
new, cost-effective network architectures for 
ubiquitous superfast broadband. Its scope 
includes the reduction of costs and energy 
requirements by a massive decrease in the 
number of electronic terminations in the 
network and increased sharing of optical 
infrastructure by a larger number of end-users. 
Energy efficiency also features strongly in a 
five-year EPSRC fellowship grant awarded 
to Prof. Andrew Ellis in 2014. Petabit Energy 
Aware Capacity Enhancement (PEACE) seeks 
to avoid escalating energy consumption via 
energy efficient super-channel transponders, 
minimizing requirements for power-hungry 
digital signal processing. 

The optical communications team continues 
to engage closely with academia, industry 
and society via its projects and seeks to 
commercialise its research to the benefit 
of the UK economy and society as a whole. 
UNLOC is a five-year collaborative project with 
UCL and no less than 13 industrial partners, 
while DISCUS is also a 13-strong consortium 
involving EU universities, network operators, 
network equipment manufacturers and SMEs. 
In 2014, members of the team made numerous 
technical conference presentations at leading 
conferences, such as OFC and ECOC, and 
contributed to outreach via The British Science 
Festival and The Royal Society. 

Key scientific papers in 2014 
included:

 � I.D. Phillips et al. “Exceeding the nonlinear-
Shannon limit using Raman laser 
based amplification and optical phase 
conjugation. Optical Fiber Communication 
Conference. M3C.1 (2014). 
 �M.F.C. Stephens, M. Tan, I.D. Phillips, 
S. Sygletos, P. Harper, and N.J. Doran. 
“1.14Tb/s DP-QPSK WDM polarisation-
diverse optical phase conjugation”. Optics 
Express, 22 (10), 11840-11848 (2014).
 �M. Ruffini et al. “DISCUS: an end-to-end 
solution for ubiquitous broadband optical 
access”. IEEE Communications Magazine, 
52(2), S24-S32 (2014).
 �S. T. Le, K.J. Blow, V.K. Mezentsev, 
and S.K. Turitsyn. “Bit error rate 
estimation methods for QPSK CO-OFDM 
transmission”. J. Lightwave Technology 32 
(17), 2951-2959 (2014).
 �S. T. Le, T. Kanesan, E. Giacoumidis, N.J. 
Doran, and A.D. Ellis. “Quasi-pilot aided 
phase noise estimation for coherent optical 
OFDM systems”. IEEE Photonics Technol. 
Letters 26 (5), 504-507 (2014). 
 �N.J. Doran and A.D. Ellis. “Minimising total 
energy requirements in amplified links 
by optimising amplifier spacing”. Optics 
Express, 22 (16), 19810-19817 (2014).
 �W. Forysiak and D.S. Govan. “Progress 
towards 100G digital coherent pluggables 
using InP-based photonics”. J. Lightwave 
Technology 32 (16), 2925-2934 (2014). 

 �P. Rosa, J.-D. Ania-Castanon, and P. 
Harper. “Unrepeatered DPSK transmission 
over 360km SMF-28 fibre using URFL 
based amplification. Optics Express 22 (8), 
9687-9692, 2014. 

People
Academic Staff

Prof. Sergei Turitsyn, Prof. Andrew Ellis, Prof. 
Keith Blow, Prof. Nick Doran, Prof. David 
Payne, Dr. Paul Harper, Dr. Wladek Forysiak, 
Dr. Stylianos Sygletos, Dr. Sergey Sergeyev 

Research Fellows

Dr. Atala El-Taher, Mr. Simon Fabbri, 
Dr. Farsheed Farjady, Dr. Filipe Ferreira, 
Dr. Elias Giacoumidis, Dr. Naoise 
MacSuibhne,  
Dr. Mary McCarthy,Dr. Ian Phillips, Dr. 
Andreas Perentos, Dr. Christian Sanchez 
Costa, 
Dr. Mariia Sorokina, Dr. Marc Stephens 

Research Students

Mr. Son Thai Le, Mr. Vladimir Gordienko, 
Mr. Pawel Rosa, Mr. Ming Tan 

20



ResearchResearch

AiPT’s core network research investigates 
techniques to exceed the current limits of 
long-haul and ultra-long-haul optical fibre 
communication systems, both in terms of 
capacity and distance. A key demonstration 
reported this year at OFC 2014 combined 
Raman amplification and optical phase 
conjugation to demonstrate Terabit/s 
transmission over more than 10,000km of 
standard, single-mode optical fibre. The 
Raman amplification provides a means of 
compensating for fibre loss while adding 
a low level of amplifier noise compared to 
conventionally used Erbium-doped fibre 
amplifiers, together with the promise of 
bandwidth extension beyond the presently 
utilised C-band, while mid-way optical phase 
conjugation offers an elegant and effective 
method to compensate for the dispersive and 
nonlinear impairments suffered by the optical 
signal on propagation through the optical fibre.

The use of Raman amplification in optical 
fibre communications is not new, and in fact 
the first ever demonstration of ultra-long haul 
transmission on optical fibre was performed 
at Bell labs using this “all-optical” amplification 
method. However, as the drive to increase the 
data carrying capacity of optical networks 
continues, and new generations of highly 
efficient pump lasers become available, 
we expect to see it grow in importance and 
utilisation in the coming years. 

The high speed broadband access available 
in many UK homes today is supported by a 
hybrid technology making use of optical fibre 
to a cabinet in the street a short distance from 
each home, with the “last mile” connection 
often re-using the existing copper-pair-
based infrastructure that originally supported 
analogue telephony. Fibre-to-the-premises 
(FTTP) offers a future proof approach to 
increasing the capacity, but needs associated 
developments in today’s access and metro 
network architectures to improve the business 
case for its deployment. 

AiPTs research in this area is based on the 
use of long reach passive optical networks to 
bypass and consolidate the majority of central 
offices, while also reducing or even eliminating 
the need for a separate metro transmission 
network. Our proposed network architecture 
is based on long reach PONs, but uses 
power splitters to share one optical terminal 
and a feeder fibre among a large number of 
users (1024), and thanks to high power optical 
amplifiers at the first splitting stage enables 
a distance of over 100km between them. In 
a recent test scenario for a UK network, the 
number of nodes with electronic processing 
equipment could be reduced from over 5000 
to around 75. 

Access Networks Unrepeatered 
Networks

Energy Efficiency

Unrepeatered submarine cables are used 
where possible for optical fibre connections 
between coastal cities (e.g. across the North 
Sea) because they are more cost-effective, 
reliable, and easier to maintain than cables 
incorporating discrete optical amplifiers, 
which require the provision of electrical power 
along the cable. Reaches of a few hundred 
km are possible by using distributed Raman 
amplification, whereby high power optical 
pumps at wavelengths ~100nm shorter 
than the signal wavelength are introduced 
from each fibre end, to effectively turn the 
transmission fibre into a distributed amplifier, 
providing gain at the signal wavelength via the 
Raman process. 

AiPT’s research work in this area relies on 
a modified second-order Raman pumping 
scheme that uses fibre Bragg gratings (FBGs) 
manufactured at AiPT to form an ultra-long 
laser cavity in the transmission fibre. Pumped 
by a single, high power laser source at 
~1360nm, the optical feedback by the FBGs 
at ~1460nm of the first order Raman scattered 
light supports the growth of recirculating 
laser light which then provides gain in turn, 
for the signal wavelengths at ~1560nm. In 
experiments performed in 2014, this technique 
enabled transmission of 40Gbit/s signals over 
360km, and showed potential advantages 
in gain profile modification and achievable 
bandwidth. 

Addressing the escalating energy consumption 
of today’s communication networks is perhaps 
even more important than dealing with the 
capacity crunch. Companies such as BT plc 
are among the largest energy users in the UK, 
and although the total power usage of these 
communication services is only about 2% of 
the total power consumption of the country, 
it clearly cannot scale with the anticipated 
increases in capacity. Moreover, although 
optical networks utilise only a small fraction of 
the power consumed by wireline and wireless 
networks, as optical technology becomes 
more widespread, it needs to achieve new 
standards in terms of energy efficiency. 

AiPT’s research work in this area is based 
on new approaches to light modulation and 
impairment compensation which may allow for 
the reduction or elimination of power-hungry 
digital signal processing chips (PEACE), 
and with industrial partners we have been 
exploring the performance of small form factor 
pluggable transceivers, capable of supporting 
100Gbit/s with a maximum power of just 32W. 
In network design, using the well-established 
“Gaussian noise” model, Profs Doran and Ellis 
investigated the total energy requirements 
of amplified links as a function of amplifier 
spacing, and showed a new optimum for span 
losses of about 13dB. 

Core Networks
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Nonlinear Photonics  
and Signal Processing

Nonlinearity, friend or foe?
Over the last decades, there has been 
growing recognition of physical systems 
in which nonlinearity introduces a rich 
variety of fundamentally new properties 
that can never be observed in linear models 
or implemented in linear devices. From a 
practical standpoint, nonlinearity adds to the 
difficulty of understanding and predicting the 
system properties. However, with suitable 
design and control, it is possible to master 
and exploit nonlinear physical interactions 
and processes to yield tremendous benefits. 
The understanding and mastering of nonlinear 
optical systems has the potential to enable a 
new generation of engineering concepts.

For more than three decades, optical fibres 
have been recognised as a versatile test-
bed for the investigation of a large variety of 
nonlinear concepts. Nonlinear fibre optics has 
revolutionised photonics, providing exquisite 
temporal and spectral control of optical 
signals for telecommunications, spectroscopy, 
microscopy, material processing and many 
other important areas of applications as well 

as a myriad of specialised scientific research 
tools. Important examples of established 
and new emerging nonlinear fibre-based 
photonic technologies essentially relying 
on nonlinear phenomena include all-optical 
signal processing and regeneration in ultrafast 
telecommunications, optical gating, switching 
and frequency conversion, optical waveform 
generation and pulse shaping, optical 
parametric amplification, Raman amplifiers and 
lasers, high-power pulsed and continuous-
wave lasers, broadband and super-continuum 
light sources, and other applications. This is 
the area that is addressed in our group: the 
study of various phenomena encountered by 
the manipulation of fundamental properties of 
light, such as the intensity profile, phase and 
state of polarisation, in optical fibre systems, 
as well as the new applications already 
made possible by the nonlinear fibre-optic 
technology. 

Fibre communication channels, responsible 
for 99% of the global data traffic, are nonlinear. 
The only question that remains is how you 

respond to that fact. One possibility is to regard 
the nonlinearity as a cause of performance 
degradation (a foe) and try to minimise its 
impact. A much more intriguing potential 
opportunity is to use the fibre nonlinearity (as 
a friend) to improve performance. Much of 
our work is aimed at harnessing the potential 
of nonlinear system response. We search 
radically different approaches to coding, 
transmission, and processing of information 
in fibre communication channels that would 
take into account the nonlinear properties of 
the optical fibre.

In the papers published in 2014 that are 
showcased here, we studied new nonlinear 
mechanisms of pulse generation and the 
polarisation dynamics in mode-locked fibre 
lasers. We also introduced a revolutionary new 
nonlinear approach to digital signal processing 
in optical fibre channels, and a breakthrough 
design of a regeneration scheme for multi-level 
signals. 
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In this paper, we take advantage of the 
amplitude- and phase-filtering ability of an in-
cavity spectral pulse shaper to show through 
numerical modelling the possibility to achieve 
different pulse-shaping regimes in a mode-
locked fibre laser. By changing the amplitude 
profile applied to the filter, we are able to 
create various output temporal waveforms of 
fundamental and practical interest, ranging 
from bright and dark parabolic profiles to a 
flat-top profile, and triangular and saw-tooth 
profiles. Because the nonlinearly broadened 
spectrum of the pulse after propagation in 
the fibre is significantly wider than the filter’s 
spectral response and fairly flat within the filter 
bandwidth, it can be sliced without caring for 
the details of its structure. This is the enabling 
mechanism for the formation of pulses of 
any desired temporal shape at the output of 
the filter, determined by the filter’s transfer 
function. Using a spectral filter based on a 
programmable optical processor, one would 
be able to easily reconfigure the operation of 
the laser without changing the physical layout 
of the cavity. Our work opens new possibilities 
for studying nonlinear dynamical processes. 
Further, our results are of particular relevance 
with the high interest in the generation of 
specialised pulse waveforms for applications 
in optical signal processing and light 
manipulation. 

Our experimental and theoretical studies 
reveal new families of vector solitons for 
fundamental, multi-pulsing, harmonically 
mode-locked and bound-state soliton 
operations. The observed fast and slow 
evolutions of the states of polarisation (SOPs) 
on the Poincaré sphere includes periodic 
polarisation switching between two and three 
SOPs, superposition of polarisation switching 
with SOP precession, polarisation locked, 
SOP evolving on a semi-circle, and on a 
chaotic polarisation attractor. This chaotic 
attractor takes the form of a double-scroll on 
the Poincaré sphere and has a correlation 
dimensionality of about 1.6 that makes it 
substantially different from Lorenz, Rössler 
and Ikeda strange attractors experimentally 
observed for laser dynamics. We have 
developed a new theoretical model that goes 
beyond the limitations of the previously used 
models based on either coupled nonlinear 
Schrödinger or Ginzburg-Landau equations. 
The observed vector solitons can be of 
interest in secure communications, trapping 
and manipulation of atoms and nanoparticles, 
control of magnetisation in data storage 
devices and many other areas. This work is 
a part of research activities supported by the 
FP7-PEOPLE-2012-IAPP 324391 GRIFFON 
Project.

We scrutinise the concept of integrable nonlinear 
communication channels, resurrecting 
and extending the idea of eigenvalue 
communications in a novel context of non-
soliton coherent optical communications. Using 
the integrable nonlinear Schrödinger equation as 
a channel model, we introduce a new approach 
– the nonlinear inverse synthesis (NIS) method –
for digital signal processing based on encoding 
the information directly onto the continuous 
part of the nonlinear signal spectrum. We 
suggest synthesising the corresponding profile 
in the time domain starting from given encoded 
shapes in the nonlinear spectral domain by 
using the inverse nonlinear Fourier transform 
(NFT) operation. During evolution along the 
transmission line, the encoded spectral content 
undergoes just a linear phase rotation, and 
hence, after unrolling this “nonlinear dispersion” 
at the receiver, the initial information can be 
recovered by the forward NFT without signal 
degradation due to nonlinear impairments. 
We show how this strategy can be geared 
for the creation of new efficient coding and 
modulation standards for nonlinear channels. 
We demonstrate numerically the feasibility of 
merging the NIS technique in a burst mode 
with high spectral efficiency methods, such 
as orthogonal frequency division multiplexing 
and Nyquist pulse shaping with advanced 
modulation formats.

We propose a novel scheme for multi-level 
amplitude regeneration based on a nonlinear 
optical loop mirror (NOLM), and demonstrate 
through numerical modelling its efficiency 
and cascadability on circular 16-, 64-, and 
256-symbol constellations. We show that the 
amplitude noise is efficiently suppressed. The 
design is flexible and enables variation of the 
number of levels and their positioning. The 
scheme is compatible with phase regenerators 
which can be relevant for applications in 
coherent optical communications. Further, 
compared to the traditional single NOLM 
configuration scheme, new features, such as 
reduced and sign-varied power-dependent 
phase shift, are available. The model is simple 
to implement, as it requires only two couplers 
in addition to the traditional NOLM, and offers 
a vast range of optimisation parameters.

Tailored waveform generation in 
mode-locked fibre lasers

Polarisation dynamics in mode-
locked fibre lasers

Optical transmission using 
integrability principles:  
nonlinear inverse synthesis

Design of multi-level amplitude 
regenerative system
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Optical Sensing

Optical fibre based sensors are transforming 
industry by permitting monitoring in hitherto 
inaccessible environments or measurement 
approaches that cannot be reproduced using 
conventional electronic sensors. A multitude of 
techniques have been developed to render the 
fibres sensitive to a wide range of parameters 
including: temperature, strain, pressure (static 
and dynamic), acceleration, rotation, gas type, 
and specific biochemical species. Constructed 
entirely of glass, optical fibre devices offer the 
properties:

 � Low loss: fibre attenuation of 0.2dB/km 
means that even after traversing 15km, half 
of the launched optical power still remains 
in the fibre. For sensing systems, this 
translates into the possibility of monitoring 
locations that are very remote from the 
control room housing the instrument. 
Practical examples include monitoring 
down the bore holes of oil wells and 
tracking the movement of trains.
 �Dielectric construction: made entirely of 
glass (or occasionally plastic) optical fibres 
sensors contain no metallic components 
that would render them susceptible to 
electromagnetic interference. This means 
they can be used to sense in electrically 
noisy environments, such as electricity 

generators or magnetic resonance 
imaging equipment. Glass fibre can also 
be used to sense in environments where 
the temperature may rise towards 1000 
°C. More exotic materials can extend this 
towards 2000 °C.
 �Small size: A standard optical fibre is 
only 1/8 mm in diameter. This means 
that sensing systems based on optical 
fibres tend to be of lower weight than 
equivalent electrical systems – important 
for example in aerospace applications. 
More significantly, the small size allows 
optical fibres to be embedded in modern 
composite materials, allowing the 
producing of “smart structures” that are 
able to sense their environment. 
 �Multiplexing: Approaches have been 
developed to addressing many sensors 
spaced along a single optical fibre; in 
some cases running into several hundred 
devices. These multiplexed systems can 
offer a cost effective solution to monitoring 
complex structures. Moreover, a unique 
class of optical fibre sensors based on light 
scattering is capable of recovering strain or 
temperature continuously along an optical 
fibre that in some cases can reach 100km 
in length.

AiPT has been spearheading developments 
in this field for more than 20 years, mostly in 
collaboration with industrial partners ranging 
from major international companies such as 
Airbus and BAe Systems, to SMEs, including 
three companies spun off from the Institute. 
One of these companies, using technology 
developed by AiPT staff, is routinely 
embedding optical fibre strain sensors into 
wind turbine blades to warn of overload 
conditions produced, for example, by ice  
build up.

The optical sensing team in AiPT draws on 
expertise in the Institute on computer modelling 
in order to simulate device performance; they 
also work closely with the short-pulse laser 
micro-fabrication team to realise novel lab-on-
a-fibre systems.
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AiPT is exploring the potential for optical fibre 
sensors in the medical sphere. In collaboration 
with the universities of Plymouth and Florence 
we have developed plasmonic sensors that utilise 
aptamers to target a wide range of chemical 
and biochemical species. Similar to anti-body/
antigen reactions, aptamers achieve a specific 
response via a geometrical match to a target 
molecule’s shape and composition. However, 
unlike antibodies, which are naturally occurring, 
aptamers can be synthesised in vitro and there is 
now a vast catalogue of aptamers that have been 
designed to bond to different molecules.

AiPT has also been developing bend and strain 
sensors capable of following the small changes 
in the body’s geometry that occur as a result 
of respiration or even cardiac activity. An array 
of sensors covering the thorax and abdomen 
can map out in real time the changes in the 3D 
shape of the body resulting from breathing. This 
enables the recruitment of different muscles 
to the breathing process to be studied, which 
is not possible using the standard method 
based on measuring air flow at the mouth. In 
collaboration with the Vinca Institute in Serbia, a 
spin-off company – Diasens – has been formed to 
commercialise aspects of this technology.

Following a PhD from the Instituto de 
Telecomunicações at the Universidade de 
Aveiro, Portugal, Carlos Marques joined AiPT 
in April 2014 as a Marie Curie Intra European 
Fellow. Carlos’s project involves developing 
applications for the polymer fibre Bragg 
grating sensors being developed at Aston. The 
first phase of the project has seen work on a 
technique for measuring fuel level based on the 
pressure exerted by the fuel, which increases 
with depth. Carlos has developed pressure 
sensors based on a diaphragm in which a 
polymer fibre grating has been embedded. 
These devices provide high pressure 
sensitivity enabling level measurement in the 
mm range. AiPT has developed an approach 
incorporating several such sensors which 
can compensate for temperature drifts and is 
insensitive to fluid density. Initial results have 
attracted the interest of Airbus who are keen 
to explore the potential of optical technology in 
commercial aircraft.

Medical sensingMarie Curie Fellow

As an applied area of research, much of the 
work on optical sensors in AiPT is carried out 
in some kind of collaboration with industry. 
This aligns with Aston University’s mission to 
be the UK’s leading University for business, 
enterprise and the professions. Forms of 
collaboration range from situations where 
research is government funded but informed 
by the needs of industry, through projects 
undertaken jointly with companies (often 
supported by Innovate UK or the European 
Commission) on to pieces of contract work, 
directly funded by a company. In addition, 
AiPT has spun off several companies to 
directly exploit IP generated at Aston.

Current industrial collaborators range from 
well-known large companies, such as 
Airbus, through to small companies, often 
based close to Aston. European Framework 
7 funding (and the current Horizon 2020 
scheme) permits collaboration across Europe; 
current examples include Zodiac Aerospace 
in France, Ibsen Photonics in Denmark and 
Kongsberg in Norway.

International collaboration provides us with 
access to the best partners for interdisciplinary 
projects and also allows us to benchmark our 
own research to ensure it is of the highest 
quality. As part of this process, we are 
pleased to welcome a large number of both 
leading scientists and promising early stage 
researchers as visitors to AiPT. Visitors coming 
to work in the sensing area this year have 
included:

Dr. Binbin Lou – an Associate Prof. from 
Chongqing University of Technology visited 
AiPT for one year to develop biosensors 
exploiting the refractive index sensitivity of 
large angle tilted fibre gratings

Ms. Marta Ferreira – a PhD student from 
INESC in Oporto came to visit AiPT for one 
week on a Short Term Scientific Mission under 
the auspices of COST Action TD1001. She 
worked with Dr. Graham Lee to develop UV 
and fs inscribed phase shifted grating sensors.

The industrial dimension The international dimension
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Ultrafast Laser

Blinking within 1 picosecond, the fascinating 
ultrafast femtosecond laser technology 
featuring with high time resolution, high spatial 
resolution, high bandwidth and high intensity 
present new research territories: ultrafast 
spectroscopy, laser controlled chemical 
reaction, cell surgery, high precision metrology 
and material processing. At the AiPT, we utilise 
the high peak powers (1013W/cm2) of the laser 
that can modify material with unprecedented 
precision.

The AiPT has three femtosecond laser 
systems covering a range of repetition rates, 
peak pulse energies and wavelengths. The 
variety of systems allows us to work effectively 
in a number of different areas including the 
fabrication of fibre Bragg gratings (FBGs), 
micromachining of optical fibres, drilling of 
micro-holes for solar cells, for processing of 
materials such as silica and metals, inscription 
of waveguide devices in planar material and 
fabrication of Optical Coherence Tomography 
(OCT) phantoms for calibration.

In comparison with UV writing method, the 
femtosecond laser inscription of FBGs has 
a number of advantages including: being 
material independent so can be used with non- 
photosensitive fibres such as those designed 
for fibre lasers, giving highly localisation of 
structures within the core resulting in vectorial 
sensitivity, and high thermal stability up to 
800oC.

Using an expose and etch process micro 
holes and slots can be fabricated within the 
fibre giving direct access to light confined in 
the core. The combination of inscription and 
micro-fabrication opens up exciting new 
design parameters for fibre devices.

The femtosecond lasers have also been used 
to fabricate structures on the end faces of fibre 
pigtails – creating two-dimensional diffraction 
patterns for use in sensing applications.

In planar devices optical waveguides can 
be inscribed in fused silica and extensive 
investigations have been undertaken 
to understand the optimum inscription 
parameters. Using high-resolution translational 
stages highly accurate three-dimensional 
structures can be made in bulk material. 
This work has been extended to include the 
inscription of micro-structured waveguides in 
lithium niobate crystals during collaborative 
work with researchers at Saratov State 
University.

As well as inscription and machining the 
femtosecond lasers can be also used to change 
the structure of material. Recent work has 
explored the highly localised transformation 
of bulk diamond to graphitic material. This 
leads to the potential fabrication of electronic 
devices buried within bulk diamond.
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Optical waveguide in nonlinear crystals and 
glasses have many important applications, 
including all-optical signal processing, quantum 
and classic sources. Supported by Leverhulme 
Trust, we used femtosecond laser direct 
inscription technology, developed at Aston, 
to fabricate optical waveguides in birefringent 
nonlinear crystals like lithium niobate. 

Single tracks inscribed in crystals exhibit poor 
light guiding because of the induced refractive 
index change is negative, of the order of 
0.001 and not supporting guiding modes. 
With adoption of our patented ‘depressed-
index cladding’ concept consisting of multiple 
tracks of negative index contrast surrounding 
the unmodified central region, we managed 
to produce micro-structured (Ms.) waveguide. 
By identifying regimes required to fabricate 
low-loss track [1] and using the numerical 
design and optimisation software developed, 
we produced buried WGs in z-cut LiNbO3 
crystals, using record high RI contrasts of 
-0.0127 achieved in individual tracks. All these 
enable various photonic devices and novel 
designs, both at the telecom range and mid-IR 
wavelengths.

M. Dubov, S. Boscolo, and D. Webb, 
“Microstructured waveguides in z-cut LiNbO3 
by high-repetition rate direct femtosecond 
laser inscription,” Opt. Mater. Express 4, 1708-
1716 (2014).

Advanced rear contact solar cell device 
structure is advocated for enhanced efficiency 
through micro-holes drilled by lasers. To date, 
nano-second(10-9s) pulsed lasers used for 
drilling suffers thermal effect induced damages 
to materials, giving rise to serious problems.

Supported by Royal Academy of Engineering, 
researchers of AiPT collaborated with institute 
of Semiconductors, Chinese Academy of 
Sciences carried out a new research on micro-
holes drilling through photovoltaic devices 
using femtosecond laser taking its advantages 
for material processing:

 �Damage to neighbouring material is 
negligible due to a non-thermal conduction 
process. 
 � The unique nonlinear absorption leads to 
material processing with a sub-wavelength 
precision.
 � The self-focusing induced filament can 
be substantially longer than possible 
compared with other lasers.

The research investigates drilling parameters 
for improved quality in comparison to drilling 
by ns lasers. A process for drilling holes for 
solar cells- diameter (50~200μm) and long 
depth (200μm) were developed. The research 
also developed the technique for selective 
removing of isolation film on top of solar cells.

Micro-structured waveguides in 
z-cut LiNbO3 crystals by high 
repetition rate femtosecond laser 
inscription

Microhole drilling with 
femtosecond laser for 
solar cells

In-fibre microchannels can exploit the 
diverse sensing capability of optical fibres 
to interrogate liquids. Optical fibres are well 
suited for sensing in harsh environments, 
which make them well positioned for sensing 
hazardous liquids. In-fibre microchannels 
were fabricated in standard single mode 
fibre using the femtosecond laser inscribe 
and etch technique. This method of creating 
in-fibre microchannels offers great versatility 
since it allows complex three-dimensional 
structures to be inscribed and then etched 
with hydrofluoric acid.

In a paper presented at the OFS-24 
conference, four in-fibre microchannel designs 
were experimentally investigated using this 
fabrication technique: microhole, microslot 
along the core, microslot perpendicular to the 
core and helical channel. Each design was 
shown to function as a simple refractometer 
through monitoring the spectral shift while 
inserting index matching oils into each 
microchannel. 

Graham C. B. Lee; Chengbo Mou; Kaiming 
Zhou; Kate Sugden; Optimization and 
characterization of femtosecond laser 
inscribed in-fiber microchannels for liquid 
sensing. Proc. SPIE 9157, 23rd International 
Conference on Optical Fibre Sensors, 915743 
(2014). 

Laser-induced ultra-strong and ultrafast 
heating and cooling followed by elements 
diffusion on a microscopic scale have been 
used to engineer non-equilibrium sates 
of optical glass, for growth of nonlinear 
nanocrystals inside the isotropic host, as well 
as precise modification of the refractive index 
(RI) of the glass to allow inscription of waveguide 
of pre-designed 3D shape by translating the 
laser focus continuously within the transparent 
material. We studied waveguide fabrication in 
Llithium-Niobo-Phosphate and other glasses, 
aiming at practical methods of single-stage 
fabrication of nonlinear integrated-optics 
devices [1]. We observed experimentally, 
that local chemical composition of LNP 
glass in irradiated areas can go well beyond 
equilibrium concentrations, offering multiple 
options of post-irradiation treatment. By using 
the same approach in other glass host, we 
managed to achieve refractive index contrasts 
of - 0.05, which is at least two times higher 
than previously reported 

[1] M. Dubov, V.K. Mezentsev, A. Manshina, 
I.A. Sokolov, A.V. Povolotskiy, Y.V. Petrov, 
“Waveguide fabrication in lithium-niobo-
phosphate glasses by high repetition rate 
femtosecond laser: route to non-equilibrium 
material’s states,” Opt. Mater. Express 4, 1197-
1206 (2014).

In-fibre microchannels for 
liquid sensing

Direct femtosecond laser micro-
fabrication as universal and 
unique tool for engineering non-
equilibrium material states
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Fibre lasers

At the interface of 
material science, 
engineering and 
nonlinear physics
A peculiarity of laser research is the synergy 
between fundamental science and its 
technological applications. There has been 
incessant progress in laser technology thanks 
to advances in: (i) material science, (ii) optical 
engineering, and (iii) an understanding of the 
fundamental physical effects underlying the 
operation and performance of new types 
of lasers. All these three approaches are 
embodied in recent works of AiPT in the area 
of fibre lasers.

When one thinks of a laser, the picture that 
first comes to mind is a delicate assembly of 
complex optics, that requires the utmost care 
in operation. In this regard, fibre lasers are 
a complete anti-thesis. They are compact, 
robust, high power devices that are at 
par in performance with their bulk-optic 
counterparts, that can operate in the most 
adverse of environments one can possible 
imagine. A recent addition to its ever-growing 
family is the random fibre laser. A random 
distributed feedback fibre laser has efficiency 

and performance that are comparable to and 
even exceed those of similar conventional 
fibre lasers. The key features of the generated 
radiation of random distributed feedback 
fibre lasers include: a stationary narrow-
band continuous modeless spectrum that is 
free of mode competition, nonlinear power 
broadening, and an output beam with a 
Gaussian profile in the fundamental transverse 
mode (generated both in single mode and 
multi-mode fibres). AiPT first introduced the 
concept of the random fibre laser in 2010, and 
remains a pioneer in this field to date. Our work 
on random fibre lasers have been published in 
2014 in the Physics Reports, and shortlisted 
as one of the most exciting peer-reviewed 
optics research in a special issue of Optics & 
Photonics News, from over 200 entries from 
scientists all over the globe. 

The papers published in 2014 and highlighted 
here are examples where cutting-edge 
research in material science, optical 
engineering, underlying nonlinear physics and 
their technological and industrial applications 
are strongly intertwined.

People
Academic Staff

Prof. Sergei Turitsyn,  
Prof. Lin Zhang, 
Dr. Sonia Boscolo,  
Dr. Alex Rozhin,  
Dr. Sergey Sergeyev,  
Dr. Elena Turitsyna,  
Dr. Vladimir Kalashnikov,  
Dr. Atalla El-Taher,  
Dr. Zuxing Zhang,  
Dr. Junsong Peng

Research Fellows

Dr. Dmitry Churkin, 
Dr. Chengbo Mou,  
Dr. Maria Chernysheva,  
Dr. Jianfeng Li,  
Dr. Stanislav Kolpakov,  
Dr. Vladimir Kalashnikov,  
Dr. Atalla El-Taher,  
Dr. Zuxing Zhang,  
Dr. Junsong Peng

PhD Students

Mrs. Raz Arif, Mr. Auro Michele Perego, 
Mr. Huseyin Karakuzu, Mr. Srikanth, 
Sugavanam, Mr. Nikita Tarasov.
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A large span of optical fibre (~30-40 km) is 
usually preferred for the design of random 
fibre lasers, as the longer length exponentially 
decreases the laser power threshold. While 
a shorter length entails a larger threshold, 
it also can provide a larger power output, 
as there is less fibre loss to attenuate it. In 
2014 we designed a random fibre laser with 
a very short (≤1 km) cavity. Just above the 
threshold, the laser output is more than 2 W, 
and it is generated from 0.5 W of pump excess 
over the lasing threshold. More important, 
the corresponding quantum efficiency can 
formally exceed 100 percent, due to the 
specific longitudinal power distribution along 
the cavity and lower loss for the generated 
wave compared to the pump wave. With 
shorter fibre length, the optical conversion 
efficiency could approach quantum limit. 

I. D. Vatnik, D. V. Churkin, E. V. Podivilov, 
and S. A. Babin, “High-efficiency generation 
in a short random fiber laser,” Laser Physics 
Letters, vol. 11, pp. 075101, 2014.

From the point of view of nonlinear dynamics, 
the fibre laser is a very interesting system 
defined by a sea of optical waves of different 
wavelengths that interact nonlinearly with 
each other. There are many ways to describe 
dynamics of radiation in lasers with a small 
number of longitudinal modes. However, it is 
difficult to use these models for fibre lasers with 
millions of modes. For example, the classical 
formula of Schawlow and Townes dictates 
a characteristic narrowing of laser linewidth 
with increasing power; but the opposite is 
observed in ultralong fibre lasers. To describe 
the spectral properties of such many degree-
of-freedom systems, a statistical approach 
called nonlinear wave kinetics was recently put 
forward by the AiPT. This theory successfully 
describes for the first time the optical spectra 
observed in a random fibre laser. A nonlinear 
generalisation of the Schawlow-Townes 
equation was derived, which explains both 
the linear linewidth narrowing, and also the 
nonlinear linewidth broadening at higher 
powers. This new statistical approach has far 
reaching implications beyond the domain of 
laser physics and photonics.

D. V. Churkin, I. V. Kolokolov, E. V. Podivilov, I. 
D. Vatnik, M. A. Nikulin, S. S. Vergeles, et al., 
“Wave kinetics of random fibre lasers,” Nature 
Communication, vol. 2, p. 6214, 2015.

Highly efficient random fibre laser Wave kinetics of random 
fibre lasers 

Ultra-short pulse lasers are very important 
for both science and numerous applications. 
Generation of ultrashort laser pulses requires 
a component called saturable absorber 
(SA). Conventional SA utilising the nonlinear 
optical absorption of the semiconductor 
features complex design and relatively high 
cost. We exploit graphene as SA in fibre 
lasers. Compared to semiconductor material, 
graphene is a gapless material. This opens 
the route to broadband ultrashort pulse 
generation. AiPT is a world leading centre 
utilising nanomaterials in ultrafast fibre lasers. 

We used thermally expanded poor fluorinated 
graphite to produce graphene that was then 
embedded into carboxymethylcellulose 
polymer. We have successfully generated 
ultrashort light pulses with the graphene 
based SA, paving the way for new generation 
of fibre lasers. 

Chengbo Mou, Raz Arif, Anatoly Lobach, 
Nataliya Spitsina, Valery Kazakov, Aleksey 
Rozhin, Sergei K Turitsyn, “Erbium doped 
fiber laser mode locked by graphene in 
carboxymethylcellulose polymer composite”, 
Optical Fiber Communication Conference, 
San Jose, US, March 2014

Thulium-doped fibre lasers benefit from 
remarkably wide gain spectrum, extending 
in the eye-safe wavelength band from 1750 
to 2100 nm, with high quantum efficiency 
due to cross-relaxation energy transfer 
processes. The other advantage is admirable 
power scalability and potential for high-power 
applications. 

Previously presented mode-locked thulium 
doped ultrafast fibre laser output power was 
limited by the damage threshold of optical 
components. In 2014 we developed thulium-
doped fibre laser mode-locked with single 
walled carbon nanotubes (SWCNT) and 
nonlinear polarisation evolution. The laser 
generates 600-fs pulses with a record output 
average output power around 300 mW. That is 
more than one order of magnitude higher than 
earlier reported results for SWCNT mode-
locked fibre lasers. Importantly, the generated 
pulse energy is higher than one expected from 
the traditional conservative soliton fibre laser 
without switching into multi-soliton operation. 

M.A. Chernysheva, A.A. Krylov, C. Mou, 
R.N. Arif, A.G. Rozhin, M.H. Rummeli, S.K. 
Turitsyn, and E.M. Dianov “Higher-order 
soliton generation in hybrid mode-locked 
thulium-doped fiber ring laser,” IEEE Journal 
of Selected Topics in Quantum Electronics, 
vol.20 no. 5, 1100908, 2014.

Ultrafast fibre laser based on 
graphene polymer composite

Highly power and high energy 
thulium-doped fibre laser
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Nanomaterial 
Photonics 
The nanomaterials photonics group has an 
active interdisciplinary research programme 
funded by NATO, BBSRC, FP7 and Horizon 
2020 on development and utilization of 
functional nanomaterials for:

 �photonic sensors 
 � ultra-fast fibre laser systems 
 �drug delivery systems.  

The group has the-state-of-the-art facilities for 
wet chemistry processing of nanomaterials, 
and fabrication of polymer nano-composites 
and nano-ink. 

We operate absorption/transmission 
spectroscopy, photoluminescence excitation 
–emission spectroscopy and micro Raman 
spectroscopy for optical characterisation of 
photonic materials.

We integrated functional nanomaterials in 
planar photonic structure, fibre Bragg gratings, 
plasmonic structures, fibre laser cavities with 
the aim to achieve unprecedented sensitivity 
for gas molecules, micro bacteria, hazardous 
agents and to realise novel laser generation 
regimes.

Current Funded Projects:
 � “Carbon Nanotubes Technologies in 
Pulsed Fibre Lasers for Telecom and 
Sensing Applications”, Proposal No 
269271- Acronym: TeLaSens FP7 Marie 
Currie International Research Staff 
exchange Scheme Project. 

 � “Novel Macromolecular Complexes for 
Rapid Detection of Hazardous Agents” The 
Science for Peace NATO project.
 � “Nanomaterial Photonic Sensors for Food 
Manufacturing”, Marie Curie International 
Incoming Fellowship (FP7-PEOPLE-2012-
IIF, Proposal number: 330516).
 �British Council Researcher Links 2013 
project “New Advanced Materials for 
Photonics and Sensors.
 �BBSRC Industrial Case PhD studentship 
“Developing new tools for understanding 
the in vivo distribution of vaccine 
adjuvants”. 

People:
Academic Staff

Dr. Alex Rozhin 

Research Fellows:

Dr. Sergey Kulinich, Dr. Chengbo Mou

Research Students

Mrs.. Raz Arif, Mr. Mohammed Alaraimiu,  
Mr. Peter Stone 

Visitors

Dr. Maria Chernysheva, Dr. Volodymyr 
Yukhymchuk, Mr. Semeon Ponomarov ,  
Mr. Oleksandr Hreshchuk ,  
Mr. Serhii Krasnovyd, Mr. Marko Part.
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This project addresses the problem of 
rapid portable sensors for the detection of 
dangerous environment polluters: due to 
stated reasons environmental pollution is a 
huge concern for nowadays society. In the 
frame of the project we have planned R&D 
activities to create a sensor system for the 
spectroscopic detection of three major types 
of the polluters: i) ammonia, aliphatic primary 
and secondary amines; ii) heavy metals 
(mercury, lead, zinc, cadmium); iii) hydrogen 
sulphide and mercaptanes, and iv) the 
potential industrial polluter in the near future – 
carbon nanotubes. 

We have synthesised and tested a series 
of new compounds for sensing the above 
polluters. We have shown that the most 
sensitive sensor based on polymethine dyes 
allows us to detect relatively small amounts of 
ammonia (amine) in the range of 1-2 ppm. 1,3. 

The works toward of detection of other 
polluters are currently in progress.

Fluorescent Sensors 
for Rapid Detection of 
Hazardous Agents

Carbon nanotubes (CNTs) are at the centre 
of nanotechnologies. They are new carbon 
allotrope with the unique mechanical, 
thermal and electronic properties. At the 
moment it is little or nothing known about 
toxicity of material and their environmental 
impact. CNT get into the environment during 
production, application, and disposal, so, the 
environmental risk posed by CNT must be 
controlled

We have demonstrated an interaction between 
polymethine dyes (PD) and CNT as well as 
potential for photolumenesent (PL) sensing of 
CNT in water. 

PL spectra show the different effect of the dyes 
on each type of chirality’s of CNT revealing 
a selectivity of sensing for CNT of various 
diameters. However future investigations 
will allow us to find optimal dye molecules 
for detection of CNT and determine the 
mechanisms of interaction. 

We will continue the study of CNT – PD 
interaction by variation of the parameters of 
the system. In the future, we plan to synthesise 
and characterize a range of new PDs for 
detection of nanotubes.

We have been working toward production of 
novel saturable absorption nano composites 
made of CNTs and Graphene. The saturable 
absorber allows a realisation of ultra-short 
pulse generation in fibre and solid state lasers. 
Our recent achievements include:

 �Development of efficient saturable 
absorbers based on laser ablation CNTs 
for a high power generation of sub-ps 
pulses in Tm doped fibre laser.
 �Development of poor fluorinated graphene 
sheets carboxymethylcellulose polymer 
composite for mode-locking of Er doped 
laser. 
 �We are working toward novel saturable 
absorber device with enhanced optical 
non-linearitie.

Development of PDs- 
carbon nanotubes 
molecular complexes 

Carbon Nanomaterials 
Based Saturable 
Absorbers
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Optoelectronics & 
Biomedical Photonics

The Optoelectronics and Biomedical Photonics 
Group at Aston University conducts the cutting-
edge experimental and theoretical research on a 
wide variety of high-power and ultrashort-pulse 
compact laser diode based sources, emitting 
in the visible, near-IR, mid-IR and THz spectral 
ranges, nanostructrures, nonlinear and integrated 
optics, and biophotonics. 

The group has been involved in a number of 
projects developing novel laser architectures and 
laser-based optical tools. Much of this research 
is carried out with industrial partners and these 
collaborations have led to a number of new 
devices being brought to market. This work has 
primarily been in the area of compact and efficient 
laser systems and their applications, underpinned 
by funding from a number of sources, especially 
the EU-FP7, EPSRC and KTP funding. 

One of the major directions has been on CW 
and ultrafast semiconductor quantum-dot-
based lasers, funded through €14.7M FAST-DOT 
project, coordinated by Prof. Rafailov. The group 
has undertaken a very significant programme of 
research in conjunction with many companies 
across Europe to manufacture and develop low-
cost, compact and turn-key laser sources. This 
work produced a range of new mode-locked 
and CW laser sources, which have enabled a 

number of applications in biomedical imaging 
and therapy, resulting in a few patents. This led 
to a number of spin-off projects, such as the 
development of terahertz emitters (€1.1M EU-FP7 
TERA, NEXPRESSO, EPSRC and KTP projects) 
and devices producing widely-tunable visible light 
(€3.8M FP7-ITN PHOQUS project), as well as the 
development of novel laser systems for nonlinear 
optical microscopy of biological organisms. 

Another major research vector on the development 
of compact and efficient lasers has been the 
investigation of an old optical phenomenon called 
‘conical refraction’ in which light passing through 
a biaxial crystal leads to an output beam with 
an unusual cone shaped intensity profile and 
polarisation properties. This was used to make an 
incredibly-efficient (close to 99% of the theoretical 
efficiency) laser. This research was funded by 
€1.7M HiCore and KTP projects.

The success of FP7-IAPP supported €1.7M 
MEDILASE and €2.4M ABLADE projects has led to 
the development of an integrated laser diagnostic 
and therapeutic technique for the use in detecting 
and treating solid cancers by the incorporation 
of new laser sources with different wavelengths 
into a compact system designed specifically to 
address some of the unmet clinical needs.

Among our current major research themes is 
also the development of high efficiency and 
high-brightness monolithic and hybrid all-
semiconductor GaN-based white light-emitting 
diodes (LEDs) with the aim to replace conventional 
light sources with superior highly-efficient white 
LEDs. This work is funded by €11.8M FP7-IP 
program called NEWLED and coordinated by  
Prof. Rafailov.

People
Academic Staff:

Prof. Edik U. Rafailov,  
Dr. Natalia Bazieva

Research Fellows:

Dr. Ksenia Fedorova, Dr. Andrei Gorodetsky, 
Dr. Karina Litvinova, Dr. Yury Loika, Dr. Sergei 
Sokolovsky, Dr. Ilya Titkov

Research Students:

Mr. Amit Yadav, Mr. Modestas Zulonas

Visitors:

Ms. Alessandra Cecchini 
Mr. Ivo Leite, Mr. Shamil Mirkhanov, Mr. Thomas 
Rabl, Mr. Salvatore Smirni, Mr. Sergey Turtaev
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The invention of light-emitting diodes (LEDs) is 
one of the greatest benefits to mankind, and 
despite being only 20 years old it has already 
significantly contributed to the creation of 
efficient white-light sources in an entirely 
new manner. This opens up new avenues for 
developing long-lasting and highly-efficient 
alternatives to older light sources.

In the frame of the €11.8M FP7 IP project 
“NEWLED” we work on the development of 
high brightness white LEDs with high colour 
rendering index (CRI>95) and efficacies of 
more than 200 lm/W. Dramatic reduction 
of internal and external losses in III-V 
semiconductors based LEDs is targeted by 
clear improvement of crystalline quality and 
significant enhancement of light extraction 
along the entire process chain (from 
semiconductor epitaxial layer growth to the 
application) to improve the quality of light (CRI) 
and reduce energy consumption (increase 
wall-plug efficiency). 

To date, the NEWLED consortium has realized 
a range of high-brightness blue, green, red 
and multicolour LED chips. The ability of a 
semi-polar short-period superlattice structure 
to show emission in the whole visible spectrum 
has also been demonstrated. The obtained 
results are enormously encouraging and 
confirm the great potential of this technology 
to enable future development of highly efficient 
superior white LEDs capable of replacing all 
conventional light sources over the coming 
years.

The development of compact, tunable, 
ultrafast and CW laser sources in the IR and 
visible spectral regions is motivated by demand 
from the biomedical community, where the 
practical laser sources are required for the use 
in biomedical and imaging applications. 

In this respect, semiconductor lasers with 
their low-cost, high efficiency and a small 
size are very promising for the realization 
of such compact and versatile broadly-
tunable lasers. In particular, novel quantum-
dot lasers, offering the coverage of broad 
wavelength ranges, are especially useful in 
this regard. Using InAs/GaAs quantum-dot 
diode lasers we have already demonstrated 
very impressive results, including wavelength 
tunability ranges up to 200nm in the near-
IR (1–1.3µm) spectral region, high output 
peak power up to 42W, and ultrashort pulse 
generation with a pulse duration less than 
400fs. We also demonstrated broadly-tunable 
room-temperature mid-IR Quantum Cascade 
lasers (3.2-3.3μm) for the use in compact 
spectroscopic gas sensing systems.

By exploiting a recent discovery from our 
group about multimode-matching technique in 
nonlinear crystal waveguides, broad second-
harmonic tunability up to 70nm in the visible 
spectral region was recently achieved using 
a single nonlinear crystal waveguide and 
a single quantum-dot laser. This work was 
supported by €14.7M FP7-IP FAST-DOT and 
KTP projects.

Highly Efficient and High-
Brightness White Light-
Emitting Diodes

Compact Broadly-Tunable Ultrafast 
and CW Semiconductor-Based 
Lasers

Our current THz optoelectronics research 
focusses on the development of room 
temperature, ultra-compact and potentially 
portable THz sources emitting a few tens of 
µW powers 0.3–1.5 THz and beyond for Safety 
and Security applications, Quality control, 
Biophotonics and medical imaging, with the 
particular application for the non-invasive 
diagnostics and investigation of superficial 
cancers. This work is based primarily on the 
optimisation of devices and structures based 
on novel InAs/GaAs quantum-dots, dilute 
GaBiAs and GaInBiAs materials, as well as 
traditional materials such as low-temperature 
GaAs and InGaAs. The work was supported 
by EPSRC, EU-FP7 TERA and NEXPRESSO, 
and KTP projects.

The THz radiation is obtained by difference-
frequency mixing of CW dual-wavelength 
emission from volume-Bragg-reflector or 
double-grating external-cavity edge-emitting 
lasers with novel semiconductor structures. 
Photoconductive mixers based on traditional 
and new materials and photovoltaic travelling-
wave mixers have also been assessed, 
targeting increased conversion efficiency. 

Recently, we demonstrated novel 
photoconductive quantum-dot based 
antennae for both the pulsed and CW THz 
generation, which work under unprecedented 
laser pump intensities with no saturation in 
conversion efficiency and without risking 
thermal breakdown. Newly built THz pump-
probe setup was used to measure ultrashort 
carrier lifetime in quantum-dot wafers. 

Photonics for biology and medicine has deeply 
rooted in the research of the group starting 
from 2008 and gave significant outcomes 
in fundamental knowledge and biomedical 
applications. In particular, a killing effect of the 
1268-nm wavelength through singlet oxygen 
activation in cancer cells was discovered. In 
continuing this research molecular biology 
lab has been equipped with state-of-the-art 
technics and devices supporting breakthrough 
findings in non-photosensitizers light-oxygen-
based tumour phototreatment.

This work was supported through EU-FP7 
projects (FAST-DOT, MEDILASE and ABLADE). 
The group has developed a non-invasive laser-
based multimodal diagnostic system utilising 
the Doppler-shift effect, tissue oximetry and 
fluorescence spectroscopy (LAKK-M). This 
compact and affordable device can be used 
in diagnosis of wide range of cardiovascular 
diseases and complications related to heart 
failure and acute ischemic stroke prognosis, 
inherited skin diseases (scleroderma), and 
solid cancers, along with type 2 diabetes foot 
disorder evaluations. It has already been used 
in studying of stress adaptive changes in the 
cardiovascular system of healthy volunteers 
and for the inflammation mechanism research 
on the rodents.

Recently the group was advancing in 
developing of the non-invasive photonic 
approach for Dementia and stroke cerebral 
blood flow monitoring based on Doppler 
flowmetry and 3D morphologic and 
hemodynamic computer modelling.

Terahertz Laser Sources and Their 
Applications

Biophotonics for Non-invasive 
Diagnostics and Treatment
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Student Research Areas and Projects
PhD Students
Name AiPT Supervisor Thesis topic / Research Area

Ms. Ada Abang Prof. David Webb Development of Polymer Fibre Sensors

Mr. Adedotum Adebayo Prof. Lin Zhang Novel Grating Structure in Fibre and their 
Application

Mr. Abdulyezir Ayomipo 
Badmos

Dr. Sonia Boscolo Novel Optical Fibre Grating Devices and 
Systems: Advance Optical Sensing (bio-
sensing) Applications

Mr. Mohammad Al-
Khateeb 

Prof. Andrew Ellis Experimental Demonstration of Capacity 
Enhancement in Optical Fiber Transmission 
Systems

Mr. Mohammed AlAraimi Dr. Alex Rozhin Optical Properties of Carbon Nanomaterials 
And Their Applications

Mrs. Raz Arif Dr. Alex Rozhin Optical Properties of Nanomaterials and their 
Photonic Applications

Mr. Simon Fabbri Prof. Andrew Ellis Optical Communication

Mr. Md Asif Iqbal Dr. Paul Harper Advanced Raman Amplification Techniques 
for Long-Distance Coherent Optical 
Communication

Mr. Adenowo Gbadebo Prof. Sergei Turitsyn Fibre Bragg Grating Fabrication

Mr. Vladimir Gordienko Prof. Nick Doran Broadband Fibre Parametric Amplifiers.

Mr. Huseyin Karakuzu Dr. Sonia Boscolo Nonlinear Optics, Lasers, Femtosecond Laser 
Inscription, Pulse Shaping

Mr. Morteza Kamalian 
Kopae

Prof. Sergei Turitsyn Fibre Optic Communications

Mr. Son Thai Le Prof. Sergei Turitsyn Digital Signal Processing Techniques for 
High-Speed co-ofdm Transmissions

Mr. Athanasios Manolis Dr. Alex Rozhin Nano Photonics Sensors For Food And 
Environmental Monitoring

Mr. Neil Murray Dr. Paul Harper Optical Regeneration of Phase Noise 
Degraded Signals

Mr. Ehikioya Odobe Prof. Lin Zhang Femtosecond Laser Technology

Mr. Auro Michele Perego Prof. Sergey Turitsyn 
Dr. Sergey Sergeyev

Instabilities in Lasers, Mode Locking,  
Pattern Formation.

Mr. Andreas Posporis Prof. David Webb Polymer Optical Fibre Bragg Gratings

Mr. Janarthanan 
Rasakanthan

Dr. Kate Sugden Advances in Characterisation, Calibration and 
Date Processing Speed of Optical Coherence 
Tomography Systems

Mr. Pawel Rosa Dr. Paul Harper Ultra-Long Raman Laser Based Amplifiers for 
High Speed Optical Telecommunication

Ms. Maria Sorokina Prof. Sergei Turitsyn Shannon Capacity, Fibre-Optic 
Communication, All-Optical Regeneration

Mr. Srikanth Sugavanam Prof. Sergei Turitsyn Fibre Lasers

Mr. Zhongyuan Sun Prof. Lin Zhang Optical Fibre Gating Sensing

Mr. Mingming Tan Dr. Paul Harper High Speed Long Haul Optical 
Communication Using Raman Amplification

Mr. Nikita Tarasov Prof. Sergei Turitsyn Random, Raman, Mode-Locked Lasers

Mr. Changle Wang Prof. Lin Zhang Fibre Gratings, Especially Gratings in 
Multicore Fibres. Dynamic Polarization Control 
Using Liquid Crystal

Mr. Michal Zubel Dr. Kate Sugden Polymer Optical Fibre Bragg Gratings

Mr. Modestas Zulonas Prof. Edik Rafailov Development of Novel High Efficient Visible 
Led

Mr. Amit Yadav Prof. Edik Rafailov High Power, High Brightness Leds and 
Semiconductor Lasers 
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Doctoral Thesis 2014
 �Quasi-Lossless Data Transmission with Ultra-Long Raman Fibre Laser Based Amplication by  
Dr. Pawel Rosa 
 �Advanced Techniques For The Improvement Of Optical Transmission Systems by Dr. Neil Murray
 � Femtosecond Laser Micromachining and Inscription of Novel Planar and Fibre Devices by  
Dr. Graham Lee
 �Shannon Capacity of Nonlinear Communication Channels by Dr. Mariia Sorokina

Masters and Bachelor Students 
Each year the AiPT hosts a number of students projects with an optics theme. These projects allow 
students to tackle relevant modern day problems and to pursue cutting edge research.

Name AiPT Supervisor Thesis/Project Title

Vladimirs Grosmanis Dr. Kate Sugden Semiautomated Fibre Bragg Grating Fabrication 
System

Qasim Rehman Dr. Lin Zhang Bio/Chemical Sensing Platform Using Fibre Gratings

Akan Osso Prof. David Webb Tablet Based, Wireless Midi Interface

Michael Davie Prof. Edik Rafailov Investigation of Thz Semiconductor Quantum  
Dot Sources

James Kent Prof. David Webb Sensor Interrogator (Meng Hardware And Software)

Michael Stick Dr. Kate Sugden Commercial Optical Spectrometer
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AiPT Seminar Programme 2014
Name Affiliation Title Date of Event

Dr. Stephane Barland Institut Non Lineaire De Nice (Non-Linear Institute of Nice) Buffering Optical Data with Topological Localized Structures January, 2014

Dr. Alessandro Tonello Xlim Research Institute, University of Limoges, France Supercontinuum Generation by Nanosecond Pump Pulses January, 2014

Prof. Thorsten Ackemann University of Strathclyde Dynamics of Spatial Laser Cavity Soliton January, 2014

Neelakandan Manihatty Bojan Seminar on the Netfpga Platform February, 2014

Dr. Antonio Picozzi Laboratoire Interdisciplinaire Carnot de Bourgogne, 
University of Bourgogne

Optical Wave Turbulence: toward a Unified Nonequilibrium Thermodynamic Description of 
Statistical Nonlinear Optics February, 2014

Dr. Martti Pärs University of Bayreuth, Germany Optical Switching by Employing Photochromic Multichromophore Complexes February, 2014

Dr. Tanel Tätte and Dr. Marko 
Part

Institute of Physics, University of Tartu, Estonia Yttria Stabilized Microtubes for Microfluidics under Extreme Conditions February, 2014

Dr. Meng Zhang Imperial College London New Materials, Regimes and Applications of Fibre Laser Technology February, 2014

Dr. Krassimir Stankov ALPHALAS GmbH, Germany Product Line and Research and Development Activities at Alphalas Gmbh March, 2014

Dr. Petar Gladkov Institute of Photonics and Electronics Academy of 
Sciences of the Czech Republic

Periodic Poling of Ktiopo4 and its Isomorphic Crystal for Sum and Difference Frequencies 
Generation March, 2014

Dr. Stefan Skupin Max Planck Institute for the Physics of Complex Systems High-Intensity Laser Matter Interaction March, 2014

Prof. Peter Andrekson Chalmers University Progress in Phase Sensitive Amplifiers April, 2014

Dr. Tawfique Hasan Nanoscience Centre, Centre of Advanced Photonics and 
Electronics, Cambridge University

Graphene and Related Layered Material Inks: The Route Toward Applications April, 2014

Prof. Leonid Glebov CREOL/The College of Optics and Photonics, University 
of Central Florida

Volume Bragg Gratings for Laser Beams Control April, 2014

Prof. John Rarity University of Bristol Photon Sources for Quantum Information Application April, 2014

Dr. . Fatih Ömer Ilda Electrical and Electronics Engineering Department of 
Physics Bilkent University

Nonlinear Laser Lithography May, 2014

Dr. Michael Brodsky NYU Polytechnic School of Engineering and Cooper 
Union, USA

Decoherence of Polarization Entanglement in Optical Fibers with Polarization Mode Dispersion May, 2014

Prof. Cid B. de Araújo Department of Physics of Universidade Federal de 
Pernambuco (UFPE), Brazil

Nonlinear Optical Phenomena in Homogeneous and Nanostructured Systems May, 2014

Prof. Alexander Rubenchik Lawrence Livermore National Lab (USA) Physics of Additive Manufacturing June,2014

Prof. Stefan Wabnitz Department of Information Engineering, University of 
Brescia, Italy

Spatiotemporal Chaos and Order in Fiber Lasers June,2014

Mr. Abhay Joshi President &CEO of Discovery Semiconductors, Inc. A Leading Supplier and Innovators of Optical Receivers, Test Instruments, and Sub-Systems August, 2014

Prof. Levon Kh. Mouradian Ultrafast Optics Laboratory, Faculry of Physics, Yerevan 
State University, Armenia

Similariton for Ultrafast Photonics August, 2014

Prof. Andrey A. Sukhorukov Nonlinear Physics Centre, Research School of Physics 
and Engineering, Australian National University

Quantum Photonics in Coupled Nonlinear Waveguides September,2014 

Dr. Frank Vollmer Max Planck Institute for the Science of Light, Germany Detecting Single Molecules and their Interactions with Optical Microcavities September,2014 

Dr. Chao Wang School of Engineering and Digital Arts, University of Kent, 
UK

Dispersive Fourier Transformation for Versatile Microwave Photonics Applications October,2014

Dr. Henning Buelow Bell Labs, Alcatel-Lucent, Germany Nonlinear Fourier Transformation based Coherent Detection of Optical Fiber Signal October,2014
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Mr. Nick Parson CTO and VP of Engineering at POLATIS Practical Applications of All-Optical Switching October, 2014

Prof. Arthur James Lowery Monash University, Australia Monash Vision Group’s Bionic Eye Project October, 2014

Dr. David Salmon Janet, UK Update on Janet and Aurora2/Ndfis Infrastructures and Services November, 2014

Prof. Neil Broderick University of Auckland, New Zealand Living on the Edge or How Good Solitons go Rogue December, 2014

AiPT Seminar Programme 2014 (continued)
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Education and training

Student Opportunities And Events
Nanophotonics 
workshop,  
24-27 March 2014
The AiPT organized a four day Nanophotonics 
workshop. 

This workshop consisted of a series of four 
pedagogical lectures, given by Dr. Arkadi 
Chipouline of the Institute of Applied Physics, 
Friedrich Schiller University, Jena. 

The lectures covered both theoretical and 
practical aspects of nanophotonics, primarily 
focusing on plasmonics and metamaterials 
and were supplemented by presentation  
of recent research and development in the 
area of nanotechnology being carried out at 
Aston University. 

The goal of the lectures was to provide the 
delegates a comprehensive overview of 
nanotech work at Aston, together with the 
necessary tools that will help them carry over 
this new modality to their respective areas. 

3rd Annual AiPT PhD Student Conference,  
29 May 2014
Prizes for oral presentations:
1st place: 

Name:  
Mr. Zhongyuan 
Sun

Title of 
presentation: 
Optical loading 
sensor based on 
single polarization 
fibre laser 
incorporating an 
intra-cavity 45º-TFG 

Abstract: We have experimentally 
demonstrated an active loading sensor 
system based on a fibre ring laser with single-
polarization output using an intra-cavity 
45°-tilted fibre grating (45°-TFG). As a result 
of the polarizing property of the 45º-TFG, 
the proposed fibre laser cavity can eliminate 
one polarization state thus giving out single 
polarization output. Therefore, only the 
light with appropriate polarization state that 
matches the transmission axis of the 45°-
TFG will have the maximum lasing efficiency 
in the cavity. Any perturbation that changes 
the intra-cavity polarization state will lead to 
extra loss, hence a reduction in the output 
power. When the laser cavity fibre subjected 
to loading, the laser output is encoded with the 
load and can be measured and monitored by 
a power meter. A loading sensitivity as high as 
0.033 kg/m has been achieved using this laser. 
The experiment results clearly show that single 
polarization fibre laser may be developed to 
a low-cost high-sensitivity loading sensor 
system. 

2nd place: 

Name:  
Mr. Mingming Tan

Title of 
presentation: 
Transmission 
Comparison of 
Ultra-Long Raman 
Fibre Laser Based 
Amplification with 
First and Dual Order  
Raman Amplification  
using 10x118 Gbit/s DP-QPSK

Abstract: We have experimentally compared 
ultra-long haul transmission of 10x118 Gbit/s 
DP-QPSK data on three different distributed 
Raman amplification techniques which use 
counter-propagated Raman pumping. For our 
83km transmission span, conventional first 
order gave a transmission distance of 5010 
km. System length was increased to 6180 km 
using dual order pumping and 7520 km using 
an ultra-long Raman laser configuration with 
counter propagating second order Raman 
pumping only. To the authors’ knowledge, 
this is the first experimental comparison of 
these techniques. In addition to improved 
transmission performance the Raman fibre 
laser based amplification technique also has 
the advantage of requiring only a single pump 
wavelength. This scheme does however 
require additional components (FBGs) and 
required slightly higher total pump power 
than the conventional dual pump wavelength 
technique. We attribute the performance 
improvement with the ultra-long Raman 
fibre laser configuration to improved noise 
characteristics associated with the reduced 
signal power variations along the transmission 
span.

3rd place: 

Name:  
Mr..Simon Fabbri

Title of 
presentation: 
All- Optical 
Interferometric 
Node for OFDM 
superchannel 
 
 
 

Abstract: The optimum utilization of the 
legacy optical fibre infrastructure can only 
be achieved in the future through the use of 
fully flexible superchannels, filling the entire 
transmission window. While leading research 
groups are approaching the fundamental 
limit of standard fibre in point-to-point 
systems, optical networks require the use of 
Reconfigurable Optical Add/Drop Multiplexers 
(ROADMs). Future network hubs will undertake 
the manipulation of very closely aggregated 
channels using OFDM, Nyquist WDM or even 
overlapping channels with All-Optical OFDM 
(AO-OFDM). We present the experimental 
implementation of an all-optical ROADM 
scheme for routing of individual channels 
within an all-optical OFDM superchannel. 
The interferometric technique demonstrated 
enables a fully flexible node, implementing the 
extraction, drop and addition of individual sub-
channel. Q factors well above the FEC threshold 
are maintained at the output of the node. The 
optically implemented scheme proposed 
scales to multi-Terabit/s superchannels and 
opens the way for up-coming guard-band free 
all-optical flexible transport networks.
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Industrial collaboration 
Community

Aerospace sensing
Interest in optical fibre sensing technology 
within the aerospace community is building 
and AiPT is well placed to have a significant 
impact in this area. Motivation for a switch 
away from conventional electrical sensors 
comes from several sources:

 �Optical fibre cables are lighter than  
their electrical equivalent; important when 
a large aircraft such as the A380 contains 
a staggering 530 km of wiring.
 �Optical fibre sensors can be embedded 
inside the modern composite materials 
from which aircraft are increasingly  
made, providing an internal sensory 
nervous system.
 � The dielectric nature of optical fibre 
prevents electrical conduction meaning 
that fibres can be used to make 
measurements inside the fuel tank  
without the risk of introducing an  
electrical spark hazard. 

With funding from the European Commission 
and in collaboration with a host of European 
partners, including Airbus, AiPT is developing 
a fibre sensor to monitor the small quantities of 
dissolved water that can exist within aviation 
fuel. The problem with such water can come 
when the temperature falls, causing free water 
to condense out. In the worst case, the free 
water may freeze leading to lumps of ice in 
the fuel system, or it can support the growth 
of a bacterial mat at the fuel/water interface. 
Aston’s technology relies on the affinity for 
water of poly(methyl methacrylate) (PMMA) 
from which plastic optical fibres are often 
made. Bragg gratings recorded in such fibre 
and inserted into fuel display a significant 
wavelength shift as the quantity of dissolved 
water varies.

A critical task on all aircraft is a precise 
determination of the amount of fuel on board. 
Currently this is done via various electrical 
techniques – a common method being to 
monitor the capacitance between two closely-
spaced, vertical metallic surfaces in the fuel 
tank. Fuel has a very different permittivity to 
air and so as the fuel level changes, so does 
the capacitance between the surfaces. AiPT 
is investigating the relative merits of several 
optical approaches to fuel level monitoring. 

One approach relates the fuel level to the 
pressure at the bottom of the tank as measured 
using a fibre Bragg grating strain sensor 
embedded in a diaphragm which is deflected 
by the fuel pressure. In its simplest form, such 
a sensor is of limited value as it is subject to 
errors caused by temperature changes and 
variations in fuel density. AiPT has developed 
an approach for combining the outputs from 
several sensors that overcomes these issues 
and can even cope with variations of g-force 
experienced by climbing or turning aircraft.
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Photonics to help 
regional industries  
to grow 
“Photonics” is the word which is normally used 
inside of academic institutions, however one 
of our projects aims to take photonics out of 
the labs and present it to non-scientific people.

AiPT has launched a non-for-profit project to 
raise awareness of photonic technologies. The 
main target of the project is to apply scientific 
knowledge to real life issues and educate 
local companies, while increasing their 
effectiveness, productivity and profits.

Traditional small and medium West Midlands’ 
businesses often lack the capability and 
resources for technical innovation. AiPT has 
identified this need and secured funding 
from the European Regional Development 
Fund to help local businesses find potential 
opportunities of embracing a range of 
photonics technologies for improving their 
business run.

A distinct advantage of the project is the way 
in which significant industrial and collaborative 
projects provide the context for fundamental 
research, usually of an interdisciplinary nature. 

As a part of the project we have launched a 
series of consultancy workshops and we 
also do on site visits to local companies to 
get better understanding and to see their 
production in action.

With our free consultancy, SMEs gain 
capability to develop new products, enhance 
competiveness, secure employment and 
foster strategic technical innovation. For aiding 
SMEs, the ERDF team at AiPT developed a list 
of technologies and demonstrators including 
fibre optical sensor and interrogator, ultrafast 
laser drilling and machining, femtosecond 
fibre laser and high energy q-switch fibre laser, 
mid-infrared fibre laser for gas sensing. Since 
the project start in 2009, a large number of 

of businesses received technical support 
covering civil engineering, food, electric and 
electronics, metrology and environment 
industries.

Following on from ERDF aid, a number of SMEs 
have advanced further by securing funding 
for new products in collaboration with AiPT. 
Gas Data Ltd is designing and manufacturing 
a range of portable and fixed gas analysis 
instrumentation solutions. The current 
technologies have proven successful in certain 
markets such as landfill and early biogas, but 
as renewable energy market grows, Gas Data 
Ltd recognised that the company’s future 
depends on developing more sophisticated 
products that deliver greater accuracy and 
have higher tolerance to contamination, as well 
as the ability to operate in hostile environment. 
With ERDF’s aid, optical fibre and laser sensing 
technologies, which had been absent from the 
company’s knowledge base, were transferred 
and identified as the strategic technical 
innovation. Following on ERDF’s aid, Gas Data 
Ltd has embarked on a knowledge transfer 
partnership (KTP) with academics of AiPT to 
develop a range of gas monitoring solutions 
using optical fibre technologies for gases that 
are difficult to detect. 
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Aston Institute 
of Photonic 
Technologies 
overseas centres
The AiPT has established two joint research 
centres: one with the Novosibirsk State 
University and second with the University 
of Electronic Science and Technology of 
China. The concept of the research centres is 
extremely simple – mutual benefit to AiPT and 
the host side measured as an increase of top 
level research publications.

UK-China partnership 
– new Joint Research 
Centre in Photonics 
In November 2014, AiPT delegation, including 
Profs. S.K. Turitsyn, D. J. Webb, M. Sumetsky 
and Dr. Churkin, participated in opening of 
the Joint Research Centre in fibre optics 
between AiPT and the University of Electronic 
Science and Technology of China (UESTC). 
The UESTC was founded in 1956 and is now 
recognized as the No.1 University in the IT field 
in China. The UESTC has more than 11000 
postgraduates and more than 22000 full–time 
undergraduates. 

UESTC strives for building an internationally 
renowned research institutes and the Joint 
Research Centre initiative is one of the steps 
in this direction. AiPT partner in the joint centre 
is the Key Laboratory of Optical Fiber Sensing 
and Communications, led by Prof. Y. Rao. 
This Key Laboratory consists of three major 
research groups: Optical Fiber Sensing group, 
Optical Fiber Communication group, and 
Communication Networks group. The Key Lab 
includes more than 15 professors and over 

30 associate professors as well as over 300 
postgraduates.The main goals of the AiPT-
UESTC centre are:

 � Joint experimental and theoretical research 
publications in photonics for international 
and high impact journals
 � The development of applications for joint 
research funding for projects across the 
UK, China, EU and worldwide
 �Postgraduate student exchanges and 
development of joint/dual postgraduate 
MSC/PhD educational programs and 
initiatives
 � Joint research seminars and workshops; 
public engagement and outreach activities

An initial funding worth $1.5 million was 
provided through the international co-
operation (111 Project) by the Ministry of 
Education, China. The Joint Research Centre 
offers a platform for collaborative research 
activities, academic and student exchanges 
between AiPT and UESTC and may serve as 
a pilot model for collaboration between the 
universities in the China and UK.

International collaboration 
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Aston-NSU International Centre for Photonics 
The Aston-NSU International Centre for 
Photonics in Novosibirsk was established in 
2013. The partnership was presented at the 
11th Ministerial UK Russia Joint Committee on 
Science & Technology Cooperation 2013-2015 
at the Royal Society in London (16-17 October) 
at which a Joint Statement on enhanced 
cooperation in science, higher education and 
innovation was signed between Minister Vince 
Cable and Minister Livanov, Russia’s Minister 
for Education and Science. 

The main aims and objectives of the Aston and 
Novosibirsk collaboration include: 

 � The development of applications for joint 
research funding for projects across the 
UK, Russia, EU and worldwide

 � Joint experimental and theoretical research 
publications in photonics for international 
and high impact journals
 �PhD student exchanges and 
undergraduate/postgraduate research 
opportunities
 � Joint scientific seminars and workshops; 
public engagement and outreach activities
 �Discussion and possible developments 
of double/joint research MSc and PhD 
degrees. 

The funding of the infrastructure and the 
centre staff in Novosibirsk (~30 people) is 
implemented through three grants from the 
Russian government with the total value 
of 180mln roubles. This collaboration will 

combine the experimental and theoretical 
skills, know-how and facilities of the AiPT in 
the areas of nonlinear photonics and optical 
communications with the expertise of Russian 
partners in laser science and technology and 
optical engineering.

The Novosibirsk State University is known 
for integration of education and science, the 
early involvement of the students into research 
activities. Novosibirsk State University is a 
leader in education of high level specialists 
in priority areas of science and technology 
employed within academia, universities, high- 
technology companies, and the innovation 
economy sector.

The development of a Joint Research Centre 

between two world-leading research teams, 
will increase our research capacity and will 
provide us with access to advanced laser 
science knowledge, technologies, facilities 
and infrastructure. The centre will operate as 
a distributed laboratory with locations in UK 
and Russia. It is an outstanding collaboration 
which will advance our capabilities in laser 
technologies with positive impact on our 
research in long distance communications, 
medical sensing devices and fibre-laser 
science among others. This collaboration 
already led to more than 15 joint publications 
in two years including papers in journals such 
as Nature Photonics, Physics Reports, Nature 
Communications and Physical Review Letters.
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The map of AiPT international collaborations 
formally defined through joint papers or projects
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British Science Festival 2014 Residential courses 
and Masterclassess

Supporting young 
entrepreneurs

Prof. Andrew Ellis delivered a talk on how 
mobile networks on smartphones and tablets 
are straining our existing communications 
networks. He explained how if demand 
exceeds the bandwidth limit, then a capacity 
crunch could affect the future growth of the 
Internet. The talk explored the impact of 
communication on society, and speculated 
on the future impact on society and the 
environment as the desire to remotely engage 
with others continues to grow.

Dr. Elena Turitsyna and Dr. Kate Sugden 
delivered two Arduino workshops as part of 
PRE 16 PROGRAMME. More than 60 children 
from year 8-10 from various schools of West 
Midlands attended the workshop, where 
they learned about how to use and program 
an Arduino set; learned about the basics of 
electronics, sensors and programing.

The AiPT hosted 28 sixth form students on a 
High Speed Communications course funded 
by the Smallpeice Trust. The course took place 
from 7th to 9th July, 2014 at Aston University. 
This course provided students with the perfect 
opportunity to work alongside experienced 
professionals as they learn about the 
astonishing world of electrons, photons and 
waves and how these drive our high speed 
communications. 

More than 800 school children participated 
in the activities organised by AiPT members 
in 2014. These activities include running 
Masterclasses, such as ‘Programming Lego 
Mindstorms robots with C’, ‘It’s all about 
information’, Arduino and other electronic 
workshops organised for school children, 
where they can build their own amplifier and 
characterise diodes, learn about basics of 
electronics and programming.

SenseAudio is a social enterprise formed by 
Aston placement students Nitesh Sharma, 
Tobias Williams and Manjinder Singh, 
supported by BSEEN project (Birmingham 
Skills for Enterprise and Employability Network). 
This innovative ERDF funded scheme provides 
an attractive package of Intensive Business 
Start-up support for students and graduates 
launching their own business ventures. 

SenseAudio produce bespoke handmade 
audio amplifiers and speakers. Aston 
Enterprise gave them the confidence to take 
their engineering product to market for their 
placement year. SenseAudio also deliver 
creative workshops to encourage young, 
aspiring students to become the innovators 
of tomorrow working within schools and 
community groups through the STEM 
Ambassador scheme. 

Outreach activities
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Invited talks & presentations 2014
 � Keith Blow, Marc Eberhard, Marc Stephens, Ian 
Phillips, Mingming Tan, Nick Doran, “Parametric 
Amplifiers in Optical Communications”, Laser Optics 
‘14, June 30 – July 4 2014, St Petersburg, Russia.

 � S. Boscolo, S. K. Turitsyn, and C. Finot, “In-cavity 
transformations for new nonlinear regimes of pulse 
generation in mode-locked fibre lasers,” SIAM 
Conference on Nonlinear Waves and Coherent 
Structures (NW14), August 11-14, 2014, Cambridge, 
United Kingdom.

 � S. Boscolo, C. Finot, and S. K. Turitsyn, “New types 
of dissipative localized waves in mode-locked fibre 
lasers,” International Workshop on Rogue Waves, 
Dissipative Solitons, Plasmonics, Supercontinuum 
and Special Fibres, July 25-26, 2014, Barcelona, 
Spain.

 � S. Boscolo and M. Dubov, “Design and fabrication 
of micro-structured waveguides in lithium niobate,” 
16th International Conference on Transparent 
Optical Networks (ICTON 2014), July 6-10, 2014, 
Graz, Austria.

 � D. Churkin, “Real-time measurements of intensity 
spatio-temporal and spatio-frequency dynamics in 
cavity-based systems, Asia Communications and 
Photonics Conference 2014, 11-14 November 2014, 
Shanghai. (invited talk)

 � D. Churkin “Stochasticity and Coherent Structures 
in Ultra-Long Mode-Locked Lasers”, SIAM 
Conference on Nonlinear Waves & Coherent 
Structures 2012, 11-14 August, 2014, Cambridge, 
UK.

 � D. Churkin, “Laminar-turbulent transition in fibre 
laser” International Workshop Rogue waves, 
dissipative solitons, plasmonics, supercontinuum, 
and special fibres, Castelldefels (Barcelona), July 
25-26, 2014, Book of abstracts, p.38, 2014. 

 � D. Churkin, “Laminar-turbulent transition in fibre 
laser”, EuroMech EC565 Colloquium on Subcritical 
transition to turbulence, Cargese, France, 6–9 May 
2014, Book of abstracts, p.19, 2014. 

 � S. Boscolo and C. Finot, “Temporal and spectral 
nonlinear pulse shaping in normally dispersive 
optical fibers,” Workshop on Nonlinear Waves 
and Integrable Systems in Sicily, June 8-13, 2014, 
Taormina, Sicily, Italy.

 � A.D Ellis, “Tech, Media and Telecoms: Lessons from 
Across the Pond”, Parliament Trust Breakfast on 
Wednesday, June 18, 2014.

 � A.D.Ellis, “Ideal Properties of Novel Fibres for Future 
Petabit Networks”, in Proc. Next Generation Optical 
Networking, presented on Wednesday 25th June 
2014.

 � W. Forysiak, “Information capacity limits in optical 
fibre communications”. The Royal Society Research 
Fellows’ Conference, The Royal Society, Carlton 
House, 19-20 March, 2014, London, UK.

 � E. Giacoumidis, S.T. Le, I.D. Phillips, A.D. Ellis, 
N.J. Doran, “Dual-polarization Multi- band OFDM 
Signals for Next Generation Core Networks”, oral 
presentation, IEEE/IET 9th International Symposium 
on Comm. Syst. Networks & Digital Signal Proc. 
(CSNDSP), July 23-25, 2014, Manchester, UK.

 � K. Hammani, J. Fatome, G. Millot, S. Boscolo, H. 
Rigneault, S. Wabnitz, and C. Finot, “Nonlinear 
pulse shaping in normally dispersive fibres: 
Experimental examples,” SIAM Conference on 
Nonlinear Waves and Coherent Structures (NW14), 
August 11-14, 2014, Cambridge, United Kingdom.

 � Jianfeng Li, “Mid-IR SESAM-based passively 
Q-switched fluoride fiber lasers”, oral presentation, 
International Conference on Development and 
Application of High Power Fiber Laser, May 13-15, 
2014, Beijing, China 

 � Jianfeng Li, “Dual Wavelength Passively Switched 
Cascade Ho-doped Fluoride Fiber Laser at 3 
µm and 2 µm”, oral presentation, Process In 
Electromagnetics Research Symposium, August 
25-28, 2014, Guangzhou, China

 � Chengbo Mou, “All-fibre Mode-locked fibre 
laser based on Carbon Nanomaterials and Fibre 
Gratings”, oral presentation, Russian-British 
Workshop on New Advanced Materials and 
Systems for Photonics and Sensors , March 17-20, 
2014, Novosibirsk, Russia.

 � Chengbo Mou, Sergey Sergeyev, Raz Arif, Aleksey 
Rozhin, Zhijun Yan, Kaiming Zhou, Zuxing Zhang, 
Veronika Tsatourian, Tatiana Habruseva, Lin Zhang 
and Sergei Turitsyn, “All-fibre mode locked fibre 
laser and tis polarisation dynamics”, 23rd Annual 
Laser Physics Workshop, 14-17 July, 2014, Sofia, 
Bulgaria.

 � Chengbo Mou, Sergey Sergeyev, Raz Arif, Aleksey 
Rozhin, Tatiana Habruseva, Veronika Tsatourian, 
and Sergei K Turitsyn, “Polarisation dynamics 
in carbon nanotube mode locked ultrafast fibre 
lasers”, PIERS, August 25-28,2014, Guangzhou, 
China.

 � Yaroslav Prilepskiy, “Integrable optical transmission, 
nonlinear inverse synthesis and noisy data 
corruption”, the 2014 International Conference 
of Computational Methods in Sciences and 
Engineering, April 4 – 7, 2014, Athens, Greece

 � E.U. Rafailov, “Compact Quantum Dot based 
ultrafast lasers for Biophotonics application”, NANO 
Science & Technology, October 2014, Qingdao, 
China

 � E.U. Rafailov, “High output and ultra-short pulses 
semiconductor lasers: technology and applications 
in biophotonics”, 16th International Conference-
School “Advanced Materials and Technologies”, 
27-31 August, 2014, Palanga, Lithuania

 � E.U. Rafailov, “Compact Quantum Dot based 
ultrafast lasers for Biophotonics application”, SPIE, 

Lasers, Optics & Photonics’14, September 2014, 
Philadelphia USA

 � A. Rozhin “Carbon Nanotubes as Efficient Platform 
for Photonic Applications”, Advanced Laser 
Technology 2014, October 6-10, 2014, Cassis, 
France.

 � A. Rozhin “Carbon nanomaterials as a future 
platform for photonics: promises and risks”, 
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