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1 09:30 UCET-Glasgow 
welcome/Opening 

Prof John Marsh (Dean of University of Glasgow, UESTC ) 

1.1 09:40  
Plenary lecture 
 
 
Lecture 1-3 
Chair: Prof John Marsh 

Plenary lecture: Prof Jonathan Cooper 
(Vice principal of University of Glasgow), “Technologies for Medical 
Diagnostics and Precision Therapy” 

1.2 10:30 Tea/Coffee break 

1.3 
 

10:50 
 

Lecturer 1: Prof Song Liang (Institute of Semiconductors, Chinese 
Academy of Sciences), “Design and Fabrication of InP Based Long 
Wavelength Transistor Lasers” 

Lecturer 2: Dr Martin Lavery (University of Glasgow),”Sustainable 
Photonics for Bridging the Digital Divide” 

Lecture 3: Dr Neil Martin (CST Global) 
1.4 11:50 Lunch Poster presentation 

1.5 13.00  
 
 
 
 
 
Lecture 4-9 
Chair: 
Prof Muhammad Imran 

Lecture 4: Prof David Cumming (University of Glasgow), “Terahertz 
imaging using focal plane arrays” 

Lecture 5: Prof Guangzhao Ran (Peking University), “III-V/Si 
hybrid laser array with DBR on Si waveguide” 

Lecture 6: Prof Dan Lu (Institute of semiconductors, Chinese 
academic of Sciences), “Photonic microwave generation based on 
monolithically integrated multi-section semiconductor lasers” 
Lecturer 7: Prof Nikolaj Gadegaard (University of Glasgow), 
“Informed design for nanostructured biomaterials” 
Lecture 8: Miss Hao Wang (Institute of Semiconductors, Chinese 
Academy of Sciences), “Fabrication of 1.55-μm high power 
InGaAsP/InP ridge waveguide distributed feedback lasers”  
Lecture 9: Prof Shangjian Zhang (University of Electronic Science and 
Technology of China), “Self-calibrated Microwave Characterization  
of High-speed Optoelectronic Devices” 

1.6 15:00 Tea/coffee break Tea/coffee break 
1.7 15:30  

Plenary lecture 
 
 
 
 
 
 
 
Lecture 10-14 
Chair: Dr Hadi Heidari 

Plenary lecture: Prof Miles Padgett 
(Vice principal of University of Glasgow) 
“How many pixels does your camera have? Ours has only one!” 

1.8 16:20 Lecture 10: Dr Zhiyao Zhang (University of Electronic Science and 
Technology of China), “Photonic undersampling and its application 
in broadband microwave measurement” 
Lecturer 11: Dr Daibing Zhou (Institute of Semiconductors, Chinese 
Academy of Sciences), “High-speed directly modulated widely 
tunable two-section InGaAlAs DBR lasers” 
Lecture 12: Dr Arthur Smith (University of Glasgow), “An 
Introduction to the James Watt Nanofabrication Centre” 
Lecture 13：Mr Yunlong Liu (Institute of Semiconductors, Chinese 
Academy of Sciences), “Dual mode DBR laser integrated with high 
speed EAM for THz communications” 
Lecture 14: Prof Ying Ding (Northwest University, China), “High-
power quantum dot tunable ultrafast laser source”  

1.9 18:00 Banquet  Chinese restaurant – Sichuan House 



 

Wednesday, 22 August 2018 
2.1 09:30  

 
Lecture 15- 20 
Chair: Dr Keliang Zhou 

Lecture 15: Dr Da Mu (Changchun University of Science & 
Technology), “Contemporary Optical System Design” 
Lecture 16: Prof Anthony Kelly (University of Glasgow), 
“InGaN/GaN Laser Diodes and their Applications” 
 

2.2 10:10 Tea/Coffee break 
2.3 10:40 Lecture 17: Prof Edward Wasige (University of Glasgow), “Mm-

wave/THz Multi-Gigabit Wireless Links” 
Lecturer 18: Prof Richard Hogg (University of Glasgow), “Photonic 
Crystal Surface Emitting Lasers” 
Lecture 19: Prof Xuefeng Liu (Nanjing University of Science and 
Technology), “In Situ Finger Prints of Photon Status Parameters 
in Limited Space Scattering for Biomacromolecule Imaging and 
Structural Characterization” 
Lecture 20: Dr Rongguo Lu (University of Electronic Science and 
Technology of China), “Graphene-assisted polarization-
insensitive electro-absorption optical modulator” 

2.4 12:00 Lunch Poster presentation 
2.5 13:00  

 
 
Lecture 21-23 
Chair: Prof Marc Sorel 

Lecture 21: Prof John Marsh (University of Glasgow), “Terahertz 
Photonics – Opportunities for Photonic Integrated Circuits” 
Lecture 22: Prof Marc Sorel (University of Glasgow), “Integration 
technologies for complex photonic circuits” 
Lecture 23: Prof Yong Ma (Chongqing University of Posts and 
Telecommunications), “A Terahertz Metasurface Based on 
Electromagnetically Induced Transparency Effect and its 
applications on chemical sensing” 
 

2.6 14:00 Feedback and good Bye 
Prof Muhammad Imran 

2.7 14:30 Whisky tour  Auchentoshan Whisky distillery 
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Plenary lecture I 
 

Technologies for Medical Diagnostics and Precision Therapy 
Professor Jonathan M. Cooper  

University of Glasgow 
Tel:0141 330 4931, Email: Jon.Cooper@glasgow.ac.uk 

 
ABSTRACT 

 
The global challenges around provision of care within ever-increasing populations has put severe pressures 
on the delivery of health systems. For example, the increasing burden of infectious diseases, coupled with 
the threat of antimicrobial resistance makes the case for the need for faster and cheaper diagnostic sensors, 
that are able to deliver improved information "at the point of need". The ability to provide low cost sensors 
that can inform correct treatment to a patient, either in a clinic or in the field is now seen as critical to the 
delivery of healthcare. In this talk I will explore the use of low cost, disposable manufacturing methods in 
order to produce advanced medical sensors and show how these devices can be translated into clinical 
practice. 
 
  
 

BIOGRAPHY 
 
Professor Jon Cooper holds The Wolfson Chair in Biomedical Engineering and is Vice Principal leading the 
University’s strategy in Knowledge Exchange and Innovation. He is an EPSRC Leadership Research Fellow and 
holds a European Research Council Advanced Programme Grant. His major research interests are in medical 
diagnostics and imaging, with a track record of spin-out and translation of devices into industry and practice.  

In one example, he is working with colleagues in UCLA on combining ultrasonics 
with computational photonics to produce ultra-high resolution mobile 
microscopes for biological imaging, resolving objects at sub-micron resolutions 
on a phone camera (e.g. differentiating viruses and bacteria). In a second strand 
of his current work, rapid, zero-cost multiplexed “origami paper” diagnostics are 
being trialled in rural East Africa as species-specific DNA sensors to identify the 
cause of infectious disease and inform treatment amongst under-served rural 
communities. Further examples of translation of his research include bathroom 
diagnostics, sold as a bowel cancer test on the high street (e.g. Boots the Chemist), 
and a new venture-funded product for sexual health testing in the clinic.  He 
was elected as a Fellow of the Royal Academy of Engineering (UK’s national 
academy of engineering) as well as a Fellow of the Royal Society of Edinburgh 

(Scotland’s national academy of arts, humanities and sciences). He has published over 260 papers, 18 books 
and book chapters and has an H-index of 48. 

 



21st – 22th August 2018, Glasgow, UK 

 

3 

 

Plenary lecture II 
 

How many pixels does your camera have? Ours has only one! 
Professor Miles Padgett 

Kelvin Chair of Natural Philosophy at the University of Glasgow 
Email: Miles.Padgett@glasgow.ac.uk 

 
ABSTRACT 

Cameras are often marketed in terms of the number of pixels they have – the more pixels the “better” the 
camera.  Rather than increasing the number of pixels we ask the question “how can a camera work when it 
only has a single pixel?” This talk will link the field of computational ghost imaging to that of single-pixel 
cameras explaining how components found within a standard data projector, more commonly used for 
projecting films and the like, can be used to create both still and video cameras using a single photodiode. 
These single pixel approaches are particularly useful for imaging at wavelengths where detector arrays are 
either very expensive or even unobtainable. The ability to image at unusual wavelengths means that one can 
make cameras that can see through fog or smoke or even image invisible gases as they leak from pipes. 
Beyond imaging at these unusual wavelengths, by using pulsed illumination and adding time resolution to 
the camera it is possible to see in 3D, perhaps useful for autonomous vehicles and other robotic applications.  

 
A full colour image recorded using data from a single photo-diode 

 
BIOGRAPHY 

Miles Padgett holds the Kelvin Chair of Natural Philosophy 
at the University of Glasgow. He is interested in all things 
optical both classical and quantum. In 2001 he was elected 
a Fellow of the Royal Society of Edinburgh (RSE) and in 
2014 a Fellow of the Royal Society, the UK's National 
Academy. In 2009, with Les Allen, he won the Institute of 
Physics Young Medal, in 2014 the RSE Kelvin Medal, in 
2015 the Science of Light Prize from the European Physical 
Society and in 2017 the Max Born Award of the Optical 
Society (OSA). 
He is lead scientist in QuantIC, a £30M investment and one 

of the UKs four Quantum Technology Hubs. QuantIC links over 100 world-leading quantum 
scientists/technologists from six UK Universities with global industry leaders to transform imaging across 
instrumentation, security and industrial sectors.  

 
Miles Padgett, plenary speaker CLEO 2015 
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Lecture 1 
 

Design and Fabrication of InP Based Long Wavelength Transistor Lasers 
 

Professor Song Liang 
 

Key Laboratory of Semiconductor Material Sciences, Institute of Semiconductors, 
Chinese Academy of Sciences, P. O. Box 912, Beijing 100083, P. R. China 

Tel: +86-10-82304121 Email: liangsong@semi.ac.cn 
 

ABSTRACT 
 

A transistor laser (TL) has the structure of a transistor, but having multi-quantum wells (MQWs) near its 
base region. From a TL, an electrical signal can be obtained simultaneously with a light signal by inputting one 
electrical signal. We design and fabricate deep ridge InP Based longwavelength transistor lasers. Because 
MQWs are inserted in between the emitter and the base in the structure, both the diffusion of p type dopant 
into the MQWs and the optical absorption of the p type base material can be reduced noticeably. CW 
operation up to 20 oC of 1.5-μm wavelength deep ridge npn-InGaAsP/InP MQW TL has been realized. The 
effects of doping in MQW active region on the properties of InP base TLs are studied numerically. It is found 
that the doped MOWs lead to a decrease of the slope efficiency and a notable increase of the current gain of 
the TLs. Further, we propose a novel design of TLs, which have an n-doped InP layer inserted in the emitter 
ridge. Numerical studies show that the common emitter current gain can be significantly enlarged. 
 

BIOGRAPHY 
 

Song Liang received the B.S. degree and the M.S. degree from the Department of 
Material Physics, Beijing University of Science and Technology, China, in 1999 and 
2002, respectively, and the Ph. D degree from the Institute of Semiconductors, 
Chinese Academy of Sciences, Beijing, in 2006. He is currently working as a Professor 
at Institute of Semiconductor, Chinese Academy of Sciences. His current research 
includes the MOCVD growth of semiconductor materials and the fabrication of 
optoelectronics devices. 
 

 
 
 
 
 
 
 
 
 
 



21st – 22th August 2018, Glasgow, UK 

 

5 

 

Lecture 2 
 

Sustainable Photonics for Bridging the Digital Divide 
 

Dr Martin P.J. Lavery 
 

Rankine Building, University of Glasgow, UK. 
 Email: martin.lavery@glasgow.ac.uk  

 
ABSTRACT 

Sustainable photonic communication systems can resolve the global digital divide. Free-space optical (FSO) 
systems offer the ability to distribute high speed digital links into remote and rural communities where 
terrain, installation cost or infrastructure security pose critical hurdles to deployment. We will discuss the 
development of a low-cost FSO system prototype that could allow for out of the box self-aligning optical 
systems that require no specialist engineer for installation. Utilising off-the-shelf consumer electrical 
components and a bespoke alignment algorithm we demonstrate a spatially multiplexing link with a loss of 
15 dB over a 200 m FSO channel. 
 

BIOGRAPHY 
Dr. Martin Lavery currently holds a Royal Academy of Engineering Research Fellowship, 
is an Senior Lecturer in the School of Engineering at the University of Glasgow (UoG) and 
leads the Structure Photonics Research Group. His research team at the UoG investigates 
fundamental developments in Physics, and applies them to industry inspired engineering 
challenges. In 2013, he completed his PhD in Physics under supervision of Prof. Miles J. 
Padgett FRS and subsequent secured an EPSRC Doctoral Prize Fellowship. In 2015, Dr. 
Lavery formed the Structured Photonics Research Group that has rapidly grown to 
include 2 PhD Students and 2 RAs, situated in two dedicated labs focusing on a broad 
range of research challenges including free-space and fibre optical communications, 

ultrasonics and solar power. 
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Lecture 3 
 
 
 
 Dr Neil Martin (CST Global) 
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Lecture 4 
 

Terahertz imaging using focal plane arrays 
 

Professor David Cumming 
Head of School of Engineering and Chair of Electronic Systems, University of Glasgow 

Email: David.Cumming.2@glasgow.ac.uk 
 

ABSTRACT 
 
We present the monolithic integration of two types of Terahertz (THz) focal plane arrays (FPAs) created in a standard 
180 nm CMOS process. The imagers are composed of THz metamaterial (MM) absorbers, fabricated in the metal and 
dielectric layers of the CMOS process, coupled to a microbolometer, either vanadium oxide (VOx) or silicon pn diode. 
Both imagers are integrated with their readout electronics to form high-resolution 64 x 64 CMOS FPAs. The suitability 
of THz imagers for stand-off imaging of concealed objects was demonstrated in transmission and reflection mode by 
capturing images of metallic objects hidden in a manila envelope. A lensless holographic imaging system is also 
demonstrated with the potential to obtain THz images at video rates. The system is comprised of a gas laser and 
microbolometer FPA for high-speed reflection imaging of metallic objects. 
 
 

BIOGRAPHY 
 
 

David Cumming is the Professor of Electronic Systems at the University of Glasgow. He 
completed his B.Eng in EEE at Glasgow University in 1989 and his Ph.D. in microelectronics at 
Cambridge University in 1993. He subsequently worked as a VLSI design engineer with ST 
Microelectronics in Bristol, UK, and carried out post-doctoral research at Glasgow University. 
He was a lecturer at the University of Canterbury, NZ, and has been at Glasgow University 
since 1999 where he is now the Head of the School of Engineering.   His research interests 
are focused on semiconductor devices and microsystems for sensing applications. He has 
published over 300 papers on sensor and photonic technologies, mainly with an emphasis on 
integration of technologies. He was a founder of medical diagnostics company Mode DX and 
his research on CMOS ion sensor arrays enabled the development of the Ion Torrent gene 

sequencing system.  He has held 1851 and EPSRC research fellowships, a Chinese Academy of Science Distinguished 
Fellowship, a Royal Society Wolfson Merit Award, and is FIEEE, FRSE, FREng. 
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Lecture 5 
 

III-V/Si hybrid laser array with DBR on Si waveguide 
Professor Guangzhao Ran (冉广照) 

State Key Laboratory for Mesoscopic Physics, School of Physics, Peking University, Beijing 100871, China 
Email: rangz@pku.edu.cn 

 
ABSTRACT 
 
We report an eight-channel silicon evanescent laser array operating at continuous wave and room 
temperature conditions using selective-area metal bonding technique. The laser array is realized by 
evanescently coupling the optical gain of InGaAsP multi-quantum wells to the silicon waveguides of varying 
widths and patterned with distributed Bragg reflector (DBR) gratings. The lasers have emission peak 
wavelengths in a range of 1537 and 1543 nm with a wavelength spacing of about 1.0 nm. The thermal 
impedances ZT of these hybrid lasers are evidently lower than those DFB counterparts 
OCIS Codes: (250.0250) Optoelectronics; (250.5300) Photonic integrated circuits; (250.5960) Semiconductor 
lasers. 
 
 
 

BIOGRAPHY 
 
Guangzhao Ran, Professor of School of Physics, Peking University. He received his 
PhD from Peking University in 2001. His interests cover semiconductor photonics, 
including silicon light sources, molecule semiconductor and so on. He has 
published about 100 scientific papers and gained the State Natural Science Award 
(the second prize).    
 
 
 
 
 
 
 

 
 
 
 
* Related paper to this lecture has been attached at the end of this booklet. 

 
 
 



 21st – 22th August 2018, Glasgow, UK  

 

Lecture 6 
 

Photonic microwave generation based on monolithically integrated multi-
section semiconductor lasers 

 
Professor Dan Lu 

Key Laboratory of Semiconductor Material Sciences, Institute of Semiconductors, 
Chinese Academy of Sciences, P. O. Box 912, Beijing 100083, P. R. China 

Email: ludan@semi.ac.cn 
 

ABSTRACT 
Photonic integration provides a new possibility to bring together many functional components into a 
single chip to deliver multipurpose optical or microwave carriers or signals. In this talk, we will present 
our recent work on photonic microwave generation using monolithically integrated multi-section 
semiconductor lasers, with emphasis on amplified feedback lasers (AFL). Rich dynamics including single 
mode, dual mode, period oscillation and chaos can be obtained by controlling the injection currents on 
the different sections of the AFL.  
Using different cavity design, AFLs with dual-mode separation ranging from 6 GHz to 109 GHz are 
manufactured. Frequency tunable photonic microwave covering C, X, Ku, K, Ka, U, V and W microwave 
bands have been demonstrated. High-quality microwave signals tunable from 28 GHz to 41 GHz with 
phase noise below -106 dBc/Hz @10kHz offset from the carrier are demonstrated. The frequency tunable 
feature of the AFLs can also be used to generate linearly chirped microwave. By applying a sweeping signal 
to the AFL, a linearly chirped microwave waveform with a pulse duration of 1 µs, a bandwidth of 3.3 GHz 
(ranging from 31.5 to 34.8 GHz) are realized.  
In the chaos state, the optical spectrum and the heterodyning microwave spectrum are considerably 
broadened and flattened, enabling a chaos output covering a frequency range over 40 GHz, with a 
standard bandwidth over 16 GHz and flatness of 13 dB. With an external delayed feedback loop and 
proper choice of the route into chaos, chaos signal with frequency range extended to over 50 GH, standard 
bandwidth over 32 GHz, flatness better than 6.3 dB is demonstrated.  
The AFL’s applications in high-speed all-optical clock recovery, high-resolution correlation optical time-
domain reflectometry, and ultra-fast physical random number generation are also discussed.  
 

BIOGRAPHY 
Dan Lu received the B.A. degree from the Beijing University of Aeronautics and 
Astronautics, Beijing, China in 2000, the M.Sc. degree in optics from Sichuan 
University, Sichuan, China in 2004, and the Ph.D. degree in electrical engineering 
from the Beijing University of Posts and Telecommunications, Beijing, China in 
2009. From 2009 to 2011, he was a postdoctoral research fellow with the 
Department of Electrical Engineering, Tsinghua University, Beijing, China, with 
research focus on high-speed fiber optical systems and devices. In 2011, he joined 
the Institute of Semiconductor, Chinese Academy of Sciences, where he is 
currently a Full professor at the Key Laboratory of Semiconductor Materials 

Science. His current research interests include the development and application of semiconductor lasers, 
photonic integrated circuits, and microwave photonics.  Dr. Lu is a member of the IEEE Photonics Society, 
and the SPIE Society. 
 



 21st – 22th August 2018, Glasgow, UK  

 

Lecturer 7  
Informed design for nanostructured biomaterials 

Professor Nikolaj Gadegaard 
University of Glasgow  

Email: Nikolaj.Gadegaard@glasgow.ac.uk 
 
 

ABSTRACT 
 

Our expectations to well-being and healthcare is ever increasing. This puts a continuous demand on new 
or smarter materials used in health and medical applications. Although new materials are constantly 
developed, “re-engineering” of existing materials is an attractive solution as the approval process is faster. 
In this talk we will discuss how modern engineering methods can be applied to firstly understand the 
biological requirements for a given biomedical application, and secondly how we can specifically engineer 
existing materials to meet those needs. Our approach has been the use of nanoscale fabrication to elicit 
the required biological responses such as cell type selection or stem cell differentiation. We use 
semiconductor techniques such as electron beam lithography and reactive ion etching to design specific 
and precise nanoscale structures. The advantage behind this approach is the ability to specifically design 
at a length scale comparable to the building blocks of life: cells and proteins. To date most discoveries are 
serendipitous and designs are often guesstimates which is a slow and unpredictable route of discovery of 
new materials. Thus our current approach is to develop a framework which will identify the blueprint 
required for new biomaterials with specific functionalities. To that length we have developed a range a 
libraries of nanopatterned materials and are using high content imaging to quantify the interaction of cells 
with these libraries. These results are then used to develop a computational model which allows us to 
predict the biological response of new materials. 
 
 

BIOGRAPHY 
Nikolaj Gadegaard has a broad educational background from the University of 
Copenhagen where he graduated with a dual degree in Physics and Chemistry in 1998. 
His PhD in Biophysics was carried out at Risø national laboratory in Denmark where 
he developed methods for injection moulding of nanostructures for biological 
applications. After completion of his PhD in 2002 he moved to Glasgow to take up a 
post doc position at the Centre for Cell Engineering and in 2003 was awarded a Royal 
Society of Edinburgh personal fellowship. In 2006 he was appointed lecturer in 
Bioelectronics at University of Glasgow and promoted to professor of Biomedical 
Engineering in 2014. Gadegaard currently holds an ERC Consolidator Award (2015-

2020) and is co-PI on a Centre for Excellence at Oslo University (2018-2027). He has published more than 
150 papers in journals such as Nature (and its sister journals), Advanced Materials, Nano Letters and ACS 
Nano and have amassed more than 10.000 citations for his work. 
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Lecture 8 
 
 

Fabrication of 1.55-μm high power InGaAsP/InP ridge waveguide distributed 
feedback lasers  

 
Miss Hao Wang 

Key Laboratory of Semiconductor Material Sciences, Institute of Semiconductors, 
Chinese Academy of Sciences, P. O. Box 912, Beijing 100083, P. R. China 

Email: haowang@semi.ac.cn 
 

ABSTRACT 
 
The design and fabrication of high power InGaAsP/InP quantum-well lasers which have single lateral mode double trench 
ridge waveguide structures are studied. The influence of an effective lateral refractive index step on the maximum output 
power are investigated. The lasers have asymmetrical optical confinement layers to obtain a high output optical power 
at 1.55 μm emission wavelength. With the optimized thicknesses of the optical confinement layers and coupling 
coefficient κ of the DFB gratings, single mode CW output power of 275 mW can be obtained for a 1.5-mm-long ridge 
waveguide device at an injection current of 1 A, with a slop efficiency of 0.38 W/A. 
 
 
 
 

BIOGRAPHY 
 

Hao WANG received the B. E. degree from the department of Electronic Information 
Engineering, Xi'an University of Posts and Telecommunications, China, in 2010, the M. E. 
degree from the University of Chinese Academy of Sciences, in 2013. She was awarded the 
National Scholarship in 2012. She is currently working as an assistant Professor at Institute 
of Semiconductor, Chinese Academy of Sciences. Her current research interests include high-
speed DFB lasers based on InP , high power DFB lasers based on both GaAs and InP.  
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Lecture 9 
 

Self-calibrated Microwave Characterization  
of High-speed Optoelectronic Devices 

 
Prof. Shangjian Zhang 

School of Optoelectronic Science and Engineering 
University of Electronic Science and Technology of China 

Email: sjzhang@uestc.edu.cn 
 

ABSTRACT 
 

We discuss a self-calibrated method for independent frequency response measurement for discrete 
optical modulators and photodetectors based on frequency-shifted heterodyne. We also show on-wafer 
probing-kit for RF characterization of silicon photonic integrated transceivers based on heterodyne mixing.  
 
 
 

BIOGRAPHY 
 

Shangjian Zhang received his Phd from Institute of Semiconductors, Chinese 
Academy of Sciences. Now he is with School of Optoelectronic Science and 
Engineering, University of Electronic Science and Technology of China (UESTC), 
Chengdu, China, as a Full Professor. He was ever with City University of Hong Kong, 
Eindhoven University of Technology (TU/e), the Netherlands, University of Electro-
Communications (UEC), Tokyo, Japan, and University of California, Santa Barbara 
(UCSB), as a visiting scientist. 
 
Research interests: High-speed microwave photonic devices and ultrafast optical 

signal processing 
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Lecture 10 
 

Photonic undersampling and its application in broadband microwave 
measurement 

 
Dr. Zhiyao Zhang 

School of Optoelectronic Science and Engineering 
University of Electronic Science and Technology of China, Chengdu, 610054, P. R. China 

Email: zhangzhiyao@uestc.edu.cn 
 

ABSTRACT 
 

Photonic undersampling is a techinique that can directly transfer a high-frequency microwave signal to a 
low-frequency replica in the first Nyquist zone, thanks to the large bandwidth of the electro-optic 
modulator and the passively mode-locked laser. In this talk, I will present two application examples of 
photonic undersampling in microwave measurement. The first one is about broadband high-resolution 
microwave frequency measurement based on low-speed photonic sampling. The second one is about 
calibration-free microwave characterization measurement of broadband Mach-Zehnder electro-optic 
modulator employing low-speed photonic sampling and low-frequency detection. 
 
 
 

BIOGRAPHY 
 

Dr. Zhiyao Zhang received his PhD degree in Optical Engineering from University of 
Electronic Science and Technology of China (UESTC), Chengdu, China, in 2010. He was 
a visiting scholar in University of Ottawa in 2017. He is now an associate professor in 
UESTC. 
 
Research interests: Microwave photonics; Nonlinear optics 
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Lecturer 11 
High-speed directly modulated widely tunable two-section InGaAlAs DBR 

lasers 
 

 Daibing Zhou, Song Liang, Lingjuan Zhao and Wei Wang 
Key Laboratory of Semiconductor Material Sciences, Institute of Semiconductors, 

Chinese Academy of Sciences, P. O. Box 912, Beijing 100083, P. R. China 
Email: dbzhou@semi.ac.cn 

 

ABSTRACT 
 

Widely tunable two-section distributed Bragg reflector (DBR) lasers, which have InGaAlAs multiple 
quantum wells (MQWs) as the gain material, have been fabricated. By butt-jointing InGaAsP, which has a 
photoluminescence wavelength of 1.4 μm as the material of the DBR section, a wavelength tuning range 
of 12 nm can be obtained by current injection into the DBR section. The direct modulation bandwidth of 
the lasers is greater than 10 GHz over the entire wavelength tuning range up to 40 oC. Compared with 
InGaAsP DBR lasers having the same structure, the InGaAlAs lasers have smaller variations in both the 
threshold current and slope efficiency with the temperature because of the better electron confinement 
in the InGaAlAs MQWs. Moreover, the DBR-current-induced decreases in the modulation bandwidth and 
side mode suppression ratio (SMSR) of the optical spectra are notably smaller for the InGaAlAs lasers than 
for the InGaAsP lasers. 10 Gb/s data transmissions are performed at up to 15-km distance and different 
wavelength emissions. 

 
 

BIOGRAPHY 
 

Daibing Zhou received the B. E. degree from the department of Electrical 
Engineering, Zheng Zhou University, China, in 2002, the M. E. degree from the 
department of Optical Engineering, Beijing Institute of Technology, in 2005, and 
the Ph. D degree from the Institute of Semiconductors, Chinese Academy of 
Sciences, in 2016. He is currently working as an assistant Professor at Institute of 
Semiconductor, Chinese Academy of Sciences. His current research includes the 
fabrication of InP based widely tunbale DBR lasers and electro absorption 
modulated DFB lasers (EMLs). 
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Lecturer 12 
An Introduction to the James Watt Nanofabrication Centre 

 
Dr. Arthur Smith 

JWNC, James Watt (South), The University of Glasgow, Glasgow, G12 8QQ, Scotland 
Email: Arthur.smith@glasgow.ac.uk 

 
 

 
BIOGRAPHY 

 
 

Arthur Smith is currently a Director at the University of Glasgow’s James Watt 
Nanofabrication Centre where he has responsibility for the operation of the 
facility. Dr. Smith has over 30 years of professional experience in the areas of 
semiconductor technologies and telecom/data networking equipment. Prior 
to joining the University of Glasgow in 2015, Dr. Smith held a number of 
senior executive roles in the telecom/data networking industry – as Chief 
Executive Officer of Intune Networks (Ireland) and previously as Chief 
Operating Officer of Ciena (USA) where he spent 13 years helping to grow the 
company from a start-up to a publicly traded company with more than $1bn 
in revenue.  Earlier in his career, Dr. Smith was employed for a number of 
years with Bell Northern Research (Canada and England) as a research 
engineer in optoelectronic device fabrication and device reliability 
assessment. Dr. Smith holds both a B.Sc. in Electrical Engineering and a Ph.D. 

from the University of Glasgow, Scotland.  
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Lecture 13 
 

Dual mode DBR laser integrated with high speed EAM for THz 
communications 

 
Yunlong Liu and Song Liang 

Key Laboratory of Semiconductor Material Sciences, Institute of Semiconductors, 
Chinese Academy of Sciences, P. O. Box 912, Beijing 100083, P. R. China 

Email: liuyl@semi.ac.cn 
 

ABSTRACT 
We have fabricated distributed Bragg reflector (DBR) lasers which have one DBR grating section on each 
side of the gain section. Dual mode emissions have been achieved from the device because of the 
presence of the two gratings. By varying the inject current of one of the DBR sections, different mode 
separations ranging from 100 GHz to over 400 GHz can be obtained. An electro absorption modulator 
(EAM) is integrated with the dual mode DBR laser monolithically by using selective area growth (SAG) 
technique. The EAM has an over 20 dB static extinction ratio at - 5 V reverse bias. The 3 dB small signal 
modulation bandwith of the EAM is over 10 GHz. At 10 Gb/s data modulation, clearly opened eyediagrams 
can be obtained with over 8 dB dynamic extinction ratio. A semiconductor optical amplifier (SOA) is also 
integrated and can be used to equalize the intensity between the two modes besides enhancing the 
output power. The integrated dual mode DBR laser is a promising light source for THz communication 
system, in which a photomixer is used to convert the light emission to THz waves.     
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High-power quantum dot tunable ultrafast laser source  
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ABSTRACT 

High-power all-semiconductor ultrafast master-oscillator-power-amplifier (MOPA) systems with 
wavelength and repetition rate tunability are one of the key elements for the development of cutting-
edge biomedical imaging applications for replacing the classic but expensive and bulky ultrashort pulsed 
Ti: sapphire (Ti:s) laser source. Ultrafast semiconductor lasers operating with widely tunable wavelengths 
and repetition rates, together with high-power semiconductor optical amplifiers (SOAs), are of great 
interest for different nonlinear microscopy (NLM) applications. Quantum dot (QD) materials offer a broad 
gain bandwidth, high saturable output power and ultrafast recovery time of the absorber making them 
ideal candidates for the generation of ultrashort pulses. In this talk, a high-peak-power all-QD MOPA 
system and repetition rate tunability will be presented. Our recent progress on optimization of high-
quality QD growth will also be introduced.  
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linewidth to be achieved from chip-size quantum dot mode-locking ultrafast lasers at the 1.3-μm 
waveband. 
Research interests: Quantum dot lasers; Ultrafast optics; Integrated optics; Mid-infrared photonic 
devices. 
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ABSTRACT 
 
“Optical design” is an ancient and dynamic subject; the development of contemporary optical system 
design tends to be miniaturized, multi-band, and co-aperture. In this talk, I will present that some typical 
contemporary optical system design: infrared optical system design, ultraviolet optical system design, THz 
optical system design etc. 
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InGaN/GaN Laser Diodes and their Applications 
 

Professor Anthony Kelly 
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ABSTRACT 
Gallium nitride (GaN) laser diodes are becoming popular sources not only for lighting but for applications 
ranging from communications to quantum. This paper presents the use of a commercial, off-the-shelf 
laser diode, with an emission wavelength of 450 nm, for visible light communication, both in free space 
and for underwater scenarios. Data rates up to 15 Gbit/s have been achieved by making use of 
orthogonal frequency division multiplexing (OFDM). In addition, distributed feedback (DFB) lasers have 
been realised emitting at a single wavelength which lend themselves towards applications where high 
spectral purity is crucial such as atomic clocks or filtered free space transmission systems. Etched 
sidewall 3rd and higher order gratings have resulted in successful single frequency operation. This talk 
will discuss current device performance and applications. 
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Mm-wave/THz Multi-Gigabit Wireless Links 
Prof Edward Wasige 
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ABSTRACT 

 
The demand for broadband content and services worldwide is growing at a tremendous pace. Soon, traffic 
from wireless devices will exceed that of wired setups. Currently, high-resolution videos account for about 
69 % of all data viewed on mobile devices and are expected to reach 79 % by 2020. At this pace, short-
range wireless communication will soon require data transfer speeds of tens of gigabits per second (Gbps), 
which current wireless technology cannot support. A host of technologies are being actively researched 
to meet this challenge. In this talk, we will describe our research on the resonant tunnelling diode (RTD) 
technology to create ultra-broadband wireless communications. RTDs are compact, high-speed 
semiconductor devices that can function as transmitters and receivers. They can be modulated using 
electronic or optical signals and can also be used to modulate lasers. This makes them potentially valuable 
as a link between fibre and wireless domains. We will report on short range wireless links with data rates 
of over 10 Gbps using new RTD transmitters developed for the 100 GHz and 300 GHz regions of the radio 
spectrum. These speeds are over 1 000 times faster than the rates available at the moment. 
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Photonic Crystal Surface Emitting Lasers 
Professor Richard Hogg 
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ABSTRACT 
 

Photonic crystal surface emitting lasers (PCSELs) have recently become a commercial offering, due to their 
ability to deliver high power, single frequency, with almost perfect collimated beams.  I will briefly 
discuss the operating principles, and the state-of-the-art.  I will outline: our development of epitaxially 
re-grown all-semiconductor PCSELs; the realization of coherently coupled 2D PCSEL arrays; and the effect 
of external in-plane feedback. I will then describe new simulation methods for such devices, and outline 
possible future opportunities for this new type of semiconductor laser.   
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Research interests: His research group is active in developing the understanding of device physics and 
engineering, epitaxial processes, fabrication technologies and applications of various semiconductor light 
sources such as lasers, amplifiers, superluminescent diodes, and resonant tunneling diodes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 21st – 22th August 2018, Glasgow, UK  

 

 
Lecturer 19 

 
In Situ Finger Prints of Photon Status Parameters in Limited Space Scattering 

for Biomacromolecule Imaging and Structural Characterization 
Prof. Xuefeng Liu 

Research Institute of Nano-Resolution Optics, School of Electronic and Optical Engineering 
Nanjing University of Science and Technology 

Email: liuxf1956@163.com 
 

ABSTRACT 
Biomacromolecules play significant roles in cells in tissues. In order to observe the structural 
characteristics at molecular level with the morphological context of tissues, new methods must be 
explored which can achieve an additional level of information, such as spatially resolution. We apply 
previously reported method, namely, Parametric Indirect Microscopic Imaging (PIMI) to fulfill this task, 
and extending it to the level of biomacromolecule structure analysis, including in situ RNA sequencing 
using limited space scattering. We however limit our discussion in this paper in the fundamental 
properties of a wave preclude it from being localized to subwavelength distances. In this report, we 
propose a polarization modulation method that employs a reconstruction method to map the 
subwavelength scattering field distributions in the form of polarization parameters. The spatial signature 
of these indirect parameters delivered an extra scattering information that helps us to resolve scattering 
modes information such as an amplicon from the cDNA originated in the RNA reverse transcription. We 
apply this method to single fluorophore and multiple of them in amplicon particles, and we successfully 
resolve their scattering spatial distribution. In particular, we explore the use of subwavelength scattering 
modes information provided by the spatial signature of these polarization parameters to intensify the 
measurement signals and increase the SNR of RNA in situ sequencing. The scattering finger print method 
for biomacromolecule structure characterization has also been parallelly verified by in vitro single 
molecule particle scattering experiments and also by Mie theory and finite difference time domain (FDTD) 
simulation method. 

BIOGRAPHY 
Xuefeng Liu, Member of National 1000 Talents Recruitment Plan, CAS 100 Talent 
Recruitment Plan, Director of Research Institute of Nano-Resolution Optics (RINRO), 
Chair in Nano Photonic Science and Technologies, Full Professor in School of 
Electronic and Optical Engineering, Nanjing University of Science and Technology 
(NUJST). Research Field: Photon and Optical Wave Parameters Indirect Imaging 
(PIMI), Optical Super Resolution Technologies and Systems. 
Xuefeng Liu, PhD in the University of Sheffield, in Optical Materials and 
Instrumentation, had taken various senior technical roles in world renown research 
and development centers including professorship engineer in the modern 

lithographic system development center in ASML, department head and consulting member in nano-scale 
optical measurement system engineering in Oxford Cryosystems and the UK division of Nanometrics Inc. 
and a Core Member and product owner in telecom components and system development company 
Bookham Technology (renamed Oclaro). Out from his long working titles and holding position lists, 
Xuefeng Liu has built more than 15 significant optical systems including MetriPol, Anisoscope, Pupmas, 
Polmas and PupILIAS and so on for wanefront, wavevectors and polarization parametric indirect 
microscopic imaging (PIMI), a new super resolution research field generated by him and his team. In 
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ABSTRACT 

 
The conventional modulator is always polarization-sensitive, which results in very large polarization-
sensitive loss. In this talk, I will present a broadband polarization independent graphene-based electro-
absorption optical modulator.  
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Terahertz Photonics – Opportunities for Photonic Integrated Circuits 
 

Professor John H. Marsh and Dr Lianping Hou 
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ABSTRACT 
Many applications of THz radiation require sources that are compact, low-cost, and operate at room 
temperature.  
In this paper we will describe three optoelectronic sources of THz radiation: 

• A dual mode DFB semiconductor laser; 
• A mode-locked semiconductor laser using a DBR grating; and 
• A PIC that use mode-beating of light from separate integrated lasers. 

Looking to the future, we are now working on a novel ‘system on a chip’, integrating a thin film antenna 
array, photodiode array, semiconductor optical amplifier (SOA) array and optical beam forming network. 
The advantages of this THz emitter system include a high peak intensity due to radiation from the 
antennas combining coherently, room temperature operation, continuous-wave operation, compact form 
factor, and a narrow steerable beam.  
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ABSTRACT 

Integrated photonics is currently regarded as one of the most promising solutions for the development of 
complex circuits, thanks to its unique potential for integration, volume production, energy efficiency and 
scalability. In the last few years, the establishment of generic and accessible foundry models has propelled 
a phenomenal growth in silicon photonic research activities, with the demonstration of several circuits 
with unprecedented level of functionality. However, such increase in chip complexity can only be 
sustained with a shift from today’s “device” level to a full “system-on-a-chip” that will require the 
development of adequate tools to reliably control the manufacture and operation of the circuits, as well 
as approaches for efficient chip integration. In this talk, we will discuss recent progress in post-fabrication 
trimming through local laser annealing and robust integration of non-linear waveguides and III-V devices 
on silicon chips. 
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A Terahertz Metasurface Based on Electromagnetically Induced 
Transparency Effect and its applications on chemical sensing 

 

Wu Pan, Yanjun Yan, Dajun Shen, Yong Ma* 
School of Optoelectronic Engineering, Chongqing University of Posts and Telecommunications, 

Chongqing, 400065, P.R.China 
* Corresponding author: mayong@cqupt.edu.cn 

 

Recently, metasurfaces based on Electromagnetically induced transparency (EIT) effect has been 
widely studied over a wide spectral range [1-4]. They also have attracted an increasing attention in many 
aspects, such as modulators, low-loss slow-light devices and chemical/biological sensors. The advantages 
of using EIT is due to its intrinsic properties: destructive interference between the bright and dark mode 
resonances leading to extremely narrowband transparency window over a wide absorption spectrum.  

Several types of EIT based metasurfaces have been reported. Driscoll et al. [1] reported a SRRs 
metasurface which consists of resonances sensitive to the dielectric properties of the surrounding 
environment. However its sensitivity is quite limited due to the internal LC resonances. A metasurface 
based on asymmetrically coupled SRRs was proposed to provide high sensitivity for the application of 
label-free bio-sensors via EIT-like effect [2] [3]. He et al. [4] reported a highly sensitive metasurface 
consisting of two complementary nanoscale metal film in a uniform surface.  

In this paper, we designed, fabricated and characterized a metasurface device based on EIT-like effect 
which can be used for the applications of chemical and biological sensing. The structure consists of two 
resonance parts: “bright” CSRR and “dark” SSRR allowing us to maximize the EIT effect and the sensitivity 
of the devices. Finite-difference time-domain modeling is used to design the structure of the metasurface 
device. The characteristics of the fabricated device have been examined by using a terahertz time-domain 
spectrometer (THz-TDS). The experiment shows a sharp resonance peak with refractive sensitivity of 96.2 
and figure of merit (FOM) of 7.6, which are in good agreement of with the simulations. 
[1] Driscoll T, et al. Applied Physics Letters. 91 (2007) 062511.  
[2] Chen C Y, et al. Optics Express. 17 (2009) 15372–15380.  
[3] Meng F Y, et al.  IEEE Transactions on Microwave Theory & Techniques. 60 (2012) 3031–3022.  
[4] He X J, etal.  Journal of Physics D Applied Physics. 46 (2013) 365302. 
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III-V/Si hybrid laser array with DBR on Si waveguide 
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We report an eight-channel silicon evanescent laser array operating at continuous wave and room temperature 
conditions using selective-area metal bonding technique. The laser array is realized by evanescently coupling the 
optical gain of InGaAsP multi-quantum wells to the silicon waveguides of varying widths and patterned with 
distributed Bragg reflector (DBR) gratings. The lasers have emission peak wavelengths in a range of 1537 and 1543 
nm with a wavelength spacing of about 1.0 nm. The thermal impedances ZT of these hybrid lasers are evidently lower 
than those DFB counterparts 
OCIS Codes: (250.0250) Optoelectronics; (250.5300) Photonic integrated circuits; (250.5960) Semiconductor lasers. 

 

Silicon integrated photonics rapidly expands for supporting ever increasing data rates in internet, parallel many-core 
computations and wireless communications etc [1-5]. In silicon integrated photonic circuit, the most important active 
component perhaps is silicon light source, which is the most challenging to realize due to the poor spontaneous emission ability 
of silicon stemming from its indirect energy bandgap [4]. But, the past few years have seen quite a few exciting successes [7-
11]. Among them, bonding III-V compound semiconductors to silicon platform and evanescently coupling the optical gain of 
III-V part to silicon waveguide is a low cost and practical approach [12-16]. 

Based on the existing hybrid integration technology, the recent research focus shifts to the multi-wavelength and wavelength tunable 
silicon lasers for wavelength division multiplexing (WDM), which is the largest advantage of silicon optical interconnects. In multi wavelength 
laser array, each channel must operate with a single longitudinal mode and its wavelength is different to adjacent one with uniform spacing. 
The distributed Bragg reflector (DBR) or distributed feedback (DFB) laser is stable and highly reliable single-mode laser [17-21], and by 
changing the grating period in each channel, the different lasing wavelength can be realized. Unfortunately, according to the gating equation, 
2neffL=l, a 1 nm deviation of the grating period (L) will cause a wavelength (l) error of ~5-8 nm due to the high effective refractive index 
(neff), thus the reported 4 channel arrayed silicon lasers defined a wide wavelength spacing of 20 nm [22]. By careful use of electron-beam 
lithography (EBL), the grating with different periods can narrow the wavelength spacing to 5 nm [23, 24], but EBL suffers from high costs and 
low yields and so is not CMOS compatible. Could the channel wavelength spacing be as narrow as ~1 nm similar to the ITU standard by 
ordinary technique? Here, we fix the grating period on silicon passive waveguide but vary the width of silicon waveguide to realize the 
wavelength varying laser array. By computations and experiments [25, 26], the variation (~10%) in the ridge width leads to a slight effective 
index difference (1‰) and then to a lasing wavelength difference (~1nm, nonlinearly). This is a simple, low cost and highly-stable method 
[25-26] suitable for mass production, and these width-varying grating waveguides can be fabricated simply by use of standard 
photolithography and holographic lithography. Recently, we reported an InGaAsP-Si distributed feedback (DFB) evanescent laser array 
previously [27]. However, the surface corrugated gratings bonded directly to the III-V gain region causes higher thermal impedance; the 
rough surface of the sidewall of the DFB gratings usually causes a scattering loss and then a higher lasing threshold. On the other hand, 
distributed Bragg reflector (DBR) lasers putting the grating at the ends of the gain region can overcome the both shortcomings. This work 
reports an 8-l DBR InGaAsP-Si hybrid laser array based on selective area metal bonding to overcome the disadvantage of DFB ones. The 
bonding step follows both the whole silicon components and III-V ones are finished separately, avoiding the crossover of the silicon and III-
V process flow. This 8-l laser array can support an 8×25 GHz silicon photonic transceiver. 

The transverse cross-section of the InGaAsP-Si hybrid laser is shown in Fig. 1(a). A buried ridge (BRS) InGaAsP quantum well epitaxial 
structure is flip-chip bonded onto a patterned SOI wafer with SAMB method. The III-V material has the same epitaxial structure as in [16]. 

In the SOI region, the gratings of 244 nm period are formed on an undoped SOI substrate by conventional holographic exposure combined 
with the optical photolithography [28] and HBr/He/O2 based inductively coupled plasma (ICP) etching. Then the silicon waveguide with a 
hight of 0.5 μm and width of (2.0, 2.1, 2.2, 2.3, 2.4, 2.6, 2.8, 3.0) μm is formed using photolithography and a second ICP dry etching. Then 
metal lift-off technology is adopted to selectively deposit the bonding metal on each side of the silicon waveguide. The bonding metal is 
indium, which is widely used in metal bonding and packing due to its low melting point and good fluidness. Finally, the III-V wafer is diced 
into bars with a length of 300 μm and flip-chip bonded onto the SOI wafer by a bonder with alignment accuracy ± 0.5 μm. The bonding 
process is done at 170 oC for 5 mins under a pressure of about 2 MPa. The 45 degree angle view of the hybrid laser is shown in Fig. 1(b). The 
effective refractive indicies of the unetched and the etched regions are estimated using the finite differential in time domain (FDTD) solutions 
(Lumerical Solution Inc., Canada), resulting in a coupling constant κ of ~ 67 cm-1. The lengths of the front and back gratings are 150 and 300 
μm, resulting in power reflectivities of 48.3 % and 93.1 % for the back and front mirrors, respectively. 

The chip with the fabricated laser is mounted on a thermo electric cooler which allows the operating temperature of the 
laser varying from 0 to 70 oC. The laser output from the waveguide facet of the front mirror is collected by a lensed multi-mode 
fiber and then characterized by using a spectrum analyzer or optical power meter. 
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Fig. 1. (a) The transverse cross-section of the hybrid laser. (b) Scanning electronic microscopic image of 45-degree angle view of the fabricated laser. Inset is the SEM image of the 

DBR silicon waveguide 
Figure 2(a) shows the measured continuous wave output power from one facet as a function of injected current at operating 

temperatures ranging from 10 to 35 oC. As can be seen, the threshold current is 20 mA with an output power of 60 μW at 70 
mA. The coupling efficiency from waveguide to fiber is about 30%.  Figure 2(b) shows the measured lasing spectrum of the 
silicon evanescent laser driven slightly above the threshold at 20 mA at room temperature. The spectrum was measured with 
an Agilent 86142B spectrum analyzer. The used wavelength resolution is 0.3 nm, so the measured linewidth is slightly larger. 
The lasing wavelength is around 1544 nm with a side-mode suppression ratio (SMSR) of ~25dB. Furthermore, the lasing 
wavelength is shifted to longer wavelength at higher injection currents due to device heating(temperature rise ). The 
wavelength shift is about 0.018 nm/mA. 

 
Fig. 2. (a) Curves of light output power versus injection current for stage temperature of 10 to 35 oC. (b) The lasing spectrum with 30 dB side mode extinction 
ratio at 20 mA at room temperature.  

 
Fig. 3. (a) Lasing wavelength versus electrical dissipated power of DBR laser. (b) Lasing wavelength versus stage temperature of DBR laser. (c) Lasing 

wavelength versus electrical dissipated power of DFB laser. (b) Lasing wavelength versus stage temperature of DFB laser. 

The thermal impedance ZT of the hybrid laser is determined by the peak emission wavelength shifts with the increase of the 
input electrical power (P) and the corresponding temperature (T) rise of the device, that is ZT = (dλ/dT)-1(dλ/dP). Figure 3(a) 
shows the plot of wavelength versus dissipated electrical power; Figure 3(b) shows the changes in lasing wavelength as a 
function of temperature of the stage (controlled using a Peltier element). By using linear fit, we measure the wavelength shift 
with the increase of dissipated power of Δλ/ΔP = 9.68 nm/W, while the wavelength shift with the increase of the temperature 
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of the stage is Δλ/ΔT = 0.133 nm/oC.  Dividing these values yields a thermal impedance of 72.8 K/W.  It is much better than 
that of our reported DFB [27] laser 137.3 K/W which can be calculated from figure 3(c) and figure 3(d). This thermal impedance 
can be improved by optimizing the bonding condition or changing the bonding metal. 

Table 1 Effective refractive index and the lasing wavelength of the eight Si waveguide Vs waveguide width  
 Ch.1 Ch.2 Ch.3 Ch.4 Ch.5 Ch.6 Ch.7 Ch.8 

w(μm) 2.0 2.1 2.2 2.3 2.4 2.6 2.8 3.0 
neff 3.14576 3.14793 3.14983 3.15149 3.15295 3.15536 3.15728 3.15883 

λ (nm) 1535.1 1536.2 1537.1 1537.9 1538.6 1539.8 1540.8 1541.3 
 

To demonstrate the scalability of this hybrid laser method for WDM optical system, we achieve an eight channel laser array 
by varying the width of silicon waveguide. To guarantee the coupling efficiency, the eight widths of the  

silicon waveguide are chosen between 2.0 and 3.0 μm, which are 2.0, 2.1, 2.2, 2.3, 2.4, 2.6, 2.8, and 3.0 μm, respectively. The 
effective refractive index of each Si waveguide is shown in Table 1 calculated by FDTD. The effective refractive index increases 
with the silicon waveguide width exponentially, and increases more rapidly below 2.5 μm. The refractive index of passive 
waveguide as a function of silicon waveguide width can generally be described by the following empirical formula fitted from 
the computation data: 

, 

where neff is the effective refractive index of the passive waveguide, w is the width of the silicon waveguide. The wavelength 
spacing is around 0.8 nm estimated by Δλ=2(ΔηeffΛ), where Λ=244 nm is the Bragg gratings period. The lasing spectrum of each 
device driven slightly above its own threshold is shown in Fig. 4(a). The lasing wavelengths are shown in Table 1 and Fig. 4 with 
an SMSR around 25 dB. There is some difference in wavelength between the measured values and the calculated values 
because there exists fabrication and calculation errors. The fabrication tolerance of the silicon waveguide width and grating 
constant are 10 and 0.2 nm respectively, which leads to a wavelength shift of 1 nm in total. Because the effective refractive 
index of the hybrid waveguide varies nonlinearly with the silicon waveguide width, fixed wavelength spacing can be obtained 
by nonlinearly varying the silicon waveguide width. Furthermore, narrower wavelength spacing can be achieved by reducing 
the silicon waveguide width interval. Figure 4(b) shows the imaged output facet of the InGaAsP/Si evanescent laser array 
operating simultaneously. The devices are driven with a common pulsed current 250 mA at a repetition rate of 1 kHz and 0.2 % 
duty cycle. More channel hybrid lasers with different silicon waveguide width can be fabricated to meet the needs of dense 
wavelength division multiplexing (DWDM) systems using this approach. Furthermore, if the eight channel outputs are guided 
into a single silicon nanowire waveguide, a considerably high optical power density can be achieved, which is needed for on-
chip silicon nonlinear photonics and microwave photonics. A different optical communication band can be met by just tuning 
the grating period. During the revision of this paper, 8-l hybrid silicon µ-disk laser array was also reported [29]. 

 
Fig. 4. (a) Spectra of the eight lasing channels. (b) Infrared microscopeimage of the lasing array. 

1.2693.1643 0.238 w
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Eight-channel InGaAsP-Si DBR array lasers fabricated with this technique can be easily scaled up to more channels by 
increasing the silicon waveguide width range and reducing the silicon waveguide width interval. Only photolithography and 
holographic lithography are used for the fabrication of silicon waveguides, which are CMOS technology compatible. These DBR 
lasers have better thermal properties than those DFB counterparts, which can be easily used in silicon optical interconnects. 

This work is supported by the National 973 program (No. 2013CB632105) the National 863 project (Grant No. 2012AA012203) 
the National Natural Science Foundations of China (No. 11174018, 61404003). 
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