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Applications of a Free Space Laser Diode Module for Infrastructure Monitoring 

J. Nørregaard and A. E. Munkhaus, Pantoinspect AS, Carsten Niebuhrs Gade 10, 1577 Copenhagen V,
Denmark

We demonstrate our newly developed web-based client for analyzing the pantographs of trains together 
with a live stream of train traffic from a central part of Copenhagen.  

We show how a high power IR laser module is used to project a grid of IR laser lines onto the top of the 
pantograph, thereby analyzing the condition of the top carbon surface. If a risk of overhead wire tear-down 
is present, an alarm is send to the infrastructure owner.  

The condition measurement is also used for a prediction of the next needed replacement of the carbon 
strips. The carbon strips are used as the current collector part of most modern high power electric vehicles, 
where battery operation is not possible. The fleet operator will ensure savings if it is possible to use 
predictive maintenance instead of a simple time-based maintenance. 

We show three examples of such applications: electrical trains, light rails and eHighways 

Invited Talks: 



Industrial NIL fabrication of nano- and micro optical components 

Lars R. Lindvold, Leif Yde and Jan F. Stensborg 

Stensborg A/S, 4000 Roskilde, Denmark 

This talk will address the development and use of the HoloPrint technology platform. 

The platform is based on the use of a rotational nano- and micro-moulding technique 

using photo-curable polymers as materials for nano- and micro optical components. As 

the moulding technique essentially can be repeated in sequential steps, the method can 

be used for more complex combinations of micro- and nanostructures than a simple 

moulding process would permit. Furthermore, the use of photo-curable polymers makes 

it possible to use materials with a refractive index ranging from 1.4 to 1.6 allowing for 

precise control of the phase shift in the replicated optical components. The use of 

photo-curable polymers also paves the way for subsequent modification of the surface 

chemistry e.g. the replicated microfluidic structure.  Such a modality is high desirable in 

the making of e.g. lab-on-a-chip system. The talk will address the challenges in 

materials and optical components we had to address in order to get from working lab 

model to an industrial product. 



Medical applications of UV and visible solid state lighting 

Paul Michael Petersen 

DTU Fotonik, Technical University of Denmark,  

Frederiksborgvej 399, DK-4000, Roskilde, Denmark 

e-mail:pape@fotonik.dtu.dk

Abstract 

Developments of new LED light sources considerably reduce the electricity consumption 
dedicated to lighting. In medicine, optical technology is enabling new therapies that 
improve our health. There is a rapid growth in lighting based on LEDs. The main reason 
for this progress is that LEDs offer long lifetime and significant energy saving in lighting 
applications. In addition to the energy savings, however, LEDs have many potential 
medical applications that will be important in the future.  

In this presentation I will give an introduction to Light Emitting Diodes (LEDs) and show 
how LEDs in the future may be used for medical applications including important 
applications within dentistry.  

Light induced fluorescence using blue LEDs is a clinical tool for diagnostics of tumors, 
bacteria and plaque. In combination with a photosensitizer the light may lead to cell 
necrosis and the procedure is used in photodynamic therapy and in dental disinfection of 
bacteria in the root canal. Narrow band imaging using LEDs enhances images of small 
capillaries in the surface layers of the human tissue. This imaging technology will give us 
new possibilities in the future to detect early phases of vascular diseases. UV-LED is a 
new LED light source that may be used for disinfection without the need for a 
photosensitizer. At DTU Fotonik we work on the development of UV-LEDs that are 
optimised for disinfections of specific bacteria. 



MAX IV: World’s best x-ray microscope 

Henning Friis Poulsen, Technical University of Denmark, Department of Physics 

MAX IV in Lund was inaugurated in 2016. It is the first fourth generation x-ray source, with 

unprecedented brilliance and coherence volume fraction.  It therefore provides unique opportunities for 
x-ray imaging, with spatial resolutions approaching 10 nm. I will present the facility, the Danish beamline

DanMAX being constructed, and the x-ray optics being used. As an example of future work I will outline

plans for multi scale microscopy, where we study mm-sized hard materials and components in situ under
operating conditions. With this type of microscopy we can "zoom" in 3D and progressively visualize the

structure and dynamics of the specimen at different length scales.



Photonic Quantum Technology 

Peter Lodahl 
Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17, 2100 Copenhagen, Denmark 

Abstract: 

Single photons are the fundamental constituent of light and a true source of deterministic 

single photons has a range of applications in quantum information processing by encoding and 

processing potentially large amount of information in the quantum state. We will review solid-

state quantum dot single-photon sources and their applications explaining the rapid recent 

progress in advancing this field from fundamental physics to actual commercialization 



3D imaging with a liquid lens 

By Mathias Bøgh Stokholm, Steen Grüner Hanson, Rasmus Kjær, Thomas Allin and Michael Linde 

Jakobsen* 

DTU Fotonik

Abstract: 

In this talk we will investigate a liquid lens, where both the focal length and the tilt of this lens can be 

adjusted electrically. Specifically, the tilting ability of this lens will be tested by combining the liquid 

lens with a projector in order to scan lines across a 3D object. Linearity, reproducibility, hysteresis and 

time response of its tilting functionality will be tested. Further, cross-talk between the two 

functionalities of the liquid lens is tested for the specific case, where the focal length is set to infinity. 

Finally, the liquid lens and the projector in combination with four stereo cameras will be demonstrated 

as a 3D imaging setup. 



Photonic integrated circuits: 

a new eco-system, a new paradigm 

Martijn J. R. Heck 

Department of Engineering, Aarhus University, mheck@eng.au.dk 

Photonic integrated circuits, also known as optical chips, integrate multiple optical components 

and functionalities on a single piece of semiconductor, typically silicon or indium phosphide. The 

technology of optical chips is maturing fast, driven by high-bandwidth communications 

applications, and mature fabrication facilities. State of the art commercial optical chips integrate 

hundreds of components, such as lasers, detectors, modulators, and filters, whereas laboratory 

demonstrators show integration levels of thousands of components. For almost three decades, this 

increase in optical chip complexity has been doubling every two years, much like Moore’s Law 

for electronic integrated circuits [1]. 

To sustain this level of technology development, it is necessary to increase the focus on a limited 

number of integration technologies and build the ecosystem around these. Technologies like 

silicon, indium phosphide and silicon nitride photonics are currently supported by open foundries, 

providing access to the technology through, e.g., multi-project wafer runs, software vendors that 

use process design kits (PDKs) tailored to the foundry processes, design houses and flexible 

packaging facilities. This development implies a new paradigm: the focus of work has shifted 

from the physical level, i.e., developing technologies and cleanroom processes by vertically 

integrated industry, to the circuit level, i.e., designing chips for specific applications by end-users. 

In this presentation I will discuss the state of the art in this technology and the opportunities that 

this new ecosystem offers for academia and industry. I will highlight potential applications, e.g., 

in wireless and fiber-optic communications, structural and gas sensors, Lidar and radar systems, 

microwave and terahertz photonics, quantum photonics and future on-chip interconnects. 

1. M. J. R. Heck, “Highly integrated optical phased arrays: photonic integrated circuits for

optical beam shaping and beam steering,” Nanophotonics, DOI: 10.1515/nanoph-2015-0152

(2016).

mailto:mheck@eng.au.dk


Near-field investigation of nanophotonic structures 

Vladimir A. Zenin

Centre for Nano Optics, University of Southern Denmark, Campusvej 55, DK-5230 Odense, Denmark. 

zenin@iti.sdu.dk 

ABSTRACT. A continuous advance in nano-optic research requires robust and precise 

experimental instruments. Scanning near-field optical microscopy (SNOM) is arguably the only 

tool for direct near-field investigation of nanophotonic structures, whose dimensions are much less 

than the free-space wavelength. A scattered-type SNOM with pseudoheterodyne detection allows 

for background-free amplitude- and phase-resolved near-field imaging. By using such SNOM at 

telecom wavelength (1500 nm), different plasmonic antennas, waveguides, and their combinations 

were investigated [1. Additionally, our ongoing research of silicon nanostructures is presented. 

The near-field characterization of nanophotonic components is highly important for understanding 

their operation, paving the way from the lab to industrial production. 

[1] V. A. Zenin, A. Pors, Z. Han, R. L. Eriksen, V. S. Volkov, and S. I. Bozhevolnyi, 2014, Opt.

Express 22(9), 10341–10350.

[2] A. Andryieuski, V. A. Zenin, R. Malureanu, V. S. Volkov, S. I. Bozhevolnyi, and A. V.

Lavrinenko, 2014, Nano Lett. 14, 3925−3929.

[3] Y. Chen, V. A. Zenin, K. Leosson, X. Shi, M. G. Nielsen, and S. I. Bozhevolnyi, 2015,  Opt.

Express 23(7), 9100–9108.

[4] V. A. Zenin, A. Andryieuski, R. Malureanu, I. P. Radko, V. S. Volkov, D. K. Gramotnev, A.

V. Lavrinenko, and S. I. Bozhevolnyi, 2015, Nano Lett. 15(12), 8148-8154.

[5] V. A. Zenin, R. Malureanu, I. P. Radko, A. V. Lavrinenko, and S. I. Bozhevolnyi, 2016, Opt.

Express 24(5), 4582-4590.
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Talks: 

Achieving Quantum Security with Continuous Variable States of Light 

Christian Scheffmann Jacobsen 

DTU Physics

Continuous variables are degrees of freedom of light which are well established as a substrate for 

classical communication, for example through optical fiber networks. However, the technologies 

within in this field typically do not exploit the fundamental quantum nature of the light. This is possible 

if the light generation and the detection are both shot noise limited. We show, theoretically and 

experimentally, that these quantum properties can be used to provide security in a delegated 

quantum computing scheme based on continuous variables. Our approach offers a number of practical 

benefits (from a quantum perspective), which could one day allow the potential widespread adoption 

of this quantum technology in future cloud-based quantum computing networks. 



Determining the internal quantum efficiency of shallow-implanted 

nitrogen-vacancy defects in bulk diamond 

Ilya P. Radko, Mads Boll, Ulrik L. Andersen, and Alexander Huck 

Department of Physics, Technical University of Denmark 

All practical applications of the nitrogen-vacancy (NV) defect in diamond rely on that being 

stable and, most importantly, bright source of luminescence. While the stability has been 

verified many times, the brightness can only be guaranteed by the high internal quantum 

efficiency (IQE) of the defect. There are few works that aim at quantifying the IQE of NV 

defects in diamond. In one of the most systematic studies [1], the authors considered NV 

defects in diamond nanocrystals and found a large distribution of IQE in the range of 0–90%. 

In this respect, the IQE quantification of NV defects in bulk diamond is of large interest as it 

represents an "unperturbed" case and allows for the deduction of the IQE in highly relevant 

diamond geometries. 

In this work, we use an implementation of Drexhage's scheme [2] to quantify the IQE of 

shallow-implanted NV defects in a single-crystal bulk diamond. Using a spherical metallic 

mirror with a large radius of curvature compared to the optical spot size, we perform 

calibrated modifications of the local density of optical states around NV defects and observe 

the change of their total decay rate, which is further used for IQE quantification. We also 

show a significance of a photo-induced relaxation process while considering the population 

dynamics of the NV defect. 

[1] A. Mohtashami and A. F.Koenderink, “Suitability of nanodiamond nitrogen-vacancy

centers for spontaneous emission control experiments,” New J. Phys. 15, 043017 (2013).

[2] K. H. Drexhage, “Influence of a dielectric interface on fluorescence decay time,” J. Lumin.

1-2, 693–701 (1970).



Optical transfer standards for gas amount fraction measurements – Challenges and Progress 

Presented by: David Balslev-Harder, DFM A/S 

The use of optical based gas sensors has been growing tremendously in recent years. These are being 

applied in process control at industrial facilities, as well as for monitoring air pollution in cities and rural 

areas. A demand for calibration of sensors is therefore increasing. Traditionally calibration of such sensors 

is executed using a reference gas with a well-known and certified gas composition. However, demands for 

standalone systems with low calibration frequency, calls for improved calibration methods of these 

monitoring sensors. Tunable diode laser spectroscopy (TDLAS) of isolated spectroscopic absorption lines 

provide the means to fulfill this demand, because calibration of the TDLAS amount fraction measurement 

is possible without a calibration gas. This is possible because the quantum mechanical properties for an 

isolated absorption line of a rotation-vibrational transition is not expected to change with time. Instead the 

TDLAS instrument has to be traceably calibrated with respect gas pressure, gas temperature, optical 

absorption path length, frequency tuning, as well as the measurement of the optical transmission has to be 

accurate.  

The above challenge is being addressed by two presently running projects within the European Metrology 

Research Program (EMRP): HIGHGAS and MetNH3 of which DFM is a partner in both. The HIGHGAS project 

address accurate amount fraction measurement and isotope fraction measurement of atmospheric 

greenhouse gases, while MetNH3 address improving the metrology of Ammonia amount fraction 

measurement to meet the European Directive 2001/81/EC. Presented is our recent optical transfer 

standard results for CO2 amount fraction measurements with expanded uncertainties lower than 1%, 

calculated using the DFM developed Least squares method in order to include uncertainties of all the 

measured parameters. The spectrum of Ammonia is a much more complex than that of CO2 as well as the 

adhesive character of the NH3 molecule makes it difficult to handle the sample without altering the 

amount fraction. The adhesion problem is in particular a problem for creating and storing stable reference 

gases, while TDLAS and CRDS provide possibilities to circumvent this. Our approach for doing this will be 

presented.  

DFM is the Danish national metrology institute and one of the eight Danish GTS institutes. 



Looking at CO2 through up-conversion based mid-IR camera 

A. Barh*, P. Tidemand-Lichtenberg, and C. Pedersen
DTU Fotonik, Technical University of Denmark, DK-4000 Roskilde, Denmark 

*e-mail: ajaba@fotonik.dtu.dk

Abstract: Detection and spectroscopy of a wide range of 
environmental trace gases (e.g. CO2, NOx, SO2, CH4 etc.) 
has become prime importance owing to their 
unavoidable effect on pollution, environment, health and 
industry. One effective way to study these gases is by 
probing their strong molecular-vibrational transition in 
the 3 - 5 µm spectral range. However, non-availability of 
suitable cost-effective detector material(s) in the mid-
infrared (mid-IR) domain imposes a great difficulty on 
detecting them. In this work, unlike the expensive FTIR or 
HgCdTe-based detectors, we design a compact ultra-fast 
mid-IR spectral measurement system based on non-
linear frequency up-conversion and a standard NIR spectrometer, which can work efficiently at room 
temperature over 3.5 ~ 5 µm wavelength ranges. As an example, we demonstrate the presence of CO2 gas 
in atmosphere, human exhale breath and candle flame by looking at different heat sources through the 
designed system. The emission spectra of hot CO2 gas generated in a candle flame along with its black-body 
spectrum is captured in our system and shown in Fig. 1. 

Fig. 1. Emission and re-absorption spectrum of hot CO2 
gas generated during combustion process in an ordinary 
candle flame. 



Breaking the Optical Transmission Barrier 

Hao Hu, Francesco Da Ros, Feihong Ye, Minhao Pu, Kasper Ingerslev, Edson Porto da Silva, Md. 
Nooruzzaman, Luisa Ottaviano, Elizaveta Semenova, Pengyu Guan, Darko Zibar, Michael Galili, 
Kresten Yvind, Leif K. Oxenløwe, and Toshio Morioka 

Department of Photonics Engineering, Technical University of Denmark 

Current installed fibre channels are facing severe limitations with respect to scaling up the data 
throughput. The maximum throughput, or the capacity, of the standard single-mode fibre (SSMF) is 
limited by the amount of optical power it can handle, which corresponds to ~100 Tbit/s per fibre 
core. Going beyond that invokes severe nonlinear distortions of data signals and eventually a 
phenomenon called fibre fusing occurs, where the fibre core simply melts. To overcome this looming 
capacity crunch, a new multiplexing technology using new optical fibres is urgently needed. 

With current technology, one can increase the capacity 1000 times by installing 1000 systems, but 
this would also increase cost, energy consumption, and space occupancy by the same factor, which 
is energy wasteful and undesirable. In the proposed work, we suggest to break the optical 
transmission barriers by building optical communication systems based on high-count, single-mode, 
multi-core fibre (HC-SM-MCF) for long-haul transmission, which can achieve orders of magnitude 
more capacity than the state-of-the-art commercial transmission systems and at the same time can 
reduce cost-per-bit, energy-per-bit and space-per-bit by a factor of 10 or even more.  

The proposed HC-SM-MCF combined with multi-core erbium doped fibre amplifiers (MC-EDFAs) can 
enable ultra-high capacity (> 1 Pbit/s) optical transmission over several thousands of km with 
significant collective energy and cost savings. Additionally, the proposed single photonic chip-based 
supercontinuum source also leads to massive energy and cost savings, as many individual lasers at 
different wavelengths, including cooling, are replaced by a single laser source. In short, our proposed 
work will be innovative in terms of transmission capacity, transmission reach, energy saving and also 
offers low complexity, low cost and better integration.  

When the proposed techniques are eventually ready to be rolled out in real transmission systems, it 
will be to the benefit of billions of Internet users offering cheaper and greener ultra-broadband 
connections, and will become a foundation and driving force for future omnipresent connectivity 
through 5G, Internet of Things and cloud services.  

 

 

 

 

 

 

 

 



 

 

Figure 1. The essential technologies in the Prize-winning proposal. Top: A transmitter chip broadens 
the spectrum of a laser seed source, so as to feed multiple wavelength channels. Middle: A high-count 

multi-core fibre (here 30-cores) is used to transmit Pbit/s-class data. Bottom: A multi-core fibre 
amplifier is essential in long-reach transmission. All the parts have been experimentally 

demonstrated, e.g. the two top technoligies in a 661 Tbit/s transmission demonstration. In the 661 
Tbit/s transmission experiment, a single pulsed laser sends optical pulses with a spectral width of 3 

nm into an AlGaAs (aluminium gallium arsenide) waveguide chip. This chip is so nonlinear at it 
broadens the input spectrum to about 40 nm relying on a nonlinear optical process known as self-

phase modulation. From this broadened spectrum, 80 wavelength channels are carved out and useed 
for carrying data in the form of 16 QAM (quaterary amplitude modulation) where both the phase and 
the amplitude is modulated. The 80 wavelength channels are additionally multiplexed in polarisation 

and finally in space sending the signals through 30 individual fibre cores.  
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Simultaneous acquisition of stimulated Raman
gain spectra in orthogonal polarizations

Hugo Kerdoncuff, Mark Pollard, Philip G. Westergaard, Jan C. Petersen, and
Mikael Lassen

Danish Fundamental Metrology, Matematiktorvet 307, DK-2800 Kgs. Lyngby, Denmark
Correspondence: hk@dfm.dk

Abstract

Raman spectroscopy is a powerful analytical technique which is primarily used for characterizing and detecting chem-
ical and biological materials via the inelastic scattering of light onto molecular vibrations. Commercial instruments
nowadays rely essentially on spontaneous Raman scattering which generates inherently weak signals and thus requires
long acquisition times. Efforts are now directed toward the development of faster instruments for spectroscopy based
on coherent Raman scattering which produces signals several order of magnitude stronger. The main motivations are
enhanced sensitivity in applications such as gas detection [1], or increased acquisition rate for use in spectral imaging.

Coupled with polarization optics, Raman spectroscopy can also provide information about the molecular shape
which is very valuable in, for example, synthetic chemistry or polymorph analysis. It is therefore commonly used for
the study of macromolecular orientation in crystal lattices or polymer samples. Furthermore it is non-destructive and
suitable for remote analysis. On that account, polarization-sensitive coherent Raman spectroscopy is a promising tool
for pushing the limits on speed and sensitivity in applications such as the monitoring of the straining and curing of
polymers or, in a different register, biological Raman optical activity spectroscopy.

Here we report on polarization-sensitive stimulated Raman spectroscopy (PS-SRS) with simultaneous acquisition
of Raman spectra from orthogonal polarization components of the Stokes light [2]. PS-SRS is based on a tunable
continuous wave (CW) laser as probe combined with a homebuilt pulsed laser. By using a CW laser we benefit from
the narrow linewidth and low noise of the CW operation. While scanning the probe laser wavelength, molecular
vibrations whose energy matches the energy difference between the pump and probe lasers get stimulated resulting
in a dissipative transfer of energy from the pump to the probe beam. We introduce a calibration method for the direct
comparison of the simultaneously acquired polarization Raman spectra. It consists in normalizing the wavelength-
and path-dependent variations in the detected Raman signal, which are due to the optical and electronic components
of the setup. The simultaneous acquisition of Raman spectra from the Stokes light parallel and orthogonal to the
pump polarization enables direct assessment of the polarization of Raman bands, and consequently of the molecular
symmetry. We apply our technique on two polymers, polydimethylsiloxane (PDMS) and polymethylmethacrylate
(PMMA), and extract the depolarization ratios of the carbon-hydrogen stretching modes.

References

1. P. G. Westergaard, M. Lassen,and J. C. Petersen, “Differential high-resolution stimulated CW Raman spec-
troscopy of hydrogen in a hollow-core fiber.” Opt. Express 23, 16320–8 (2015).

2. H. Kerdoncuff, M. Pollard, P. G. Westergaard, J. C. Petersen, and M. Lassen, “Observing molecular symme-
try with polarization-sensitive stimulated Raman spectroscopy.” (manuscript in preparation for submission in
Optics Letters).



Focus-Tunable Lenses Enable 3-D Microscopy 
DAVID LEUENBERGER (*), OPTOTUNE AG, AND FABIAN F. VOIGT, UNIVERSITY OF ZURICH 

Abstract: 

Today scientists have an increasing need to image the structures and functions of living organisms at 

high spatial resolution on shorter and shorter timescales. Modern biological microscopy is also slowly 

moving away from imaging small samples, flattened between a slide and coverslip, toward 3-D cell 

cultures, whole embryos and even in vivo imaging of animals to study development and physiology in 

more natural environments. 

Traditionally, acquiring 3-D imaging data required mechanical translation of either the objective or the 

sample with a stage or a piezoelectric objective Z-scanner. 

An alternative solution called “remote focusing” involves changing the convergence of light as it enters 

or exits the microscope objective to induce an axial shift of the excitation or emission focus, 

respectively. 

With their low cost, simple construction and control, and wide focus-tuning ranges, focus-tunable lenses 

are especially well suited for microscopy applications demanding fast volume sampling at moderate 

resolution. 

(*) presenting author 



Fig. 1. Spectra of PMMA in the parallel (red) and orthogonal (blue) polarization configurations
resulting from averaging 10 fast-acquisition (2.5 s) spectra. Fits to the data (dashed lines) use a com-
bination of six Lorentzian curves (gray dotted lines) corresponding to the molecule vibration modes.
The difference in the amplitude of the two spectra is due to the symmetry of the C-H vibrations.

Table 1. C-H stretch in PMMA measured with PS-SRS

Wavenumber Depol. ratio Assignment
2842.4 cm−1 <0.07 ν(O-CH3)
2889.9 cm−1 <0.09 ν(α-CH3)
2910.2 cm−1 <0.09 ν(O-CH3)
2928.9 cm−1 <0.02 ν(α-CH3), νs(CH2)
2950.1 cm−1 0.065 (± 0.011) νa(CH2),

νs(O-CH3), νs(α-CH3)
3003.5 cm−1 0.535 (± 0.058) νa(O-CH3), νa(α-CH3)
νs: symmetric stretching mode, νa: antisymmetric stretching mode



Sor埅�ng   of   black   plas埅�c   using   upconversion 
based   spectroscopy 

Lasse   Høgstedt* 1 ,   Jeppe   Seidelin   Dam 1 ,   Peter   Tidemand‐Lichtenberg 2 ,   Chris埅�an   Pedersen 2 
1 )           IRSee   Aps,   Frederiksborgvej   399,   400   Roskilde          2    )     DTU   Fotonik,   Op埅�cal   Sensor   Technology   Group   

*)Corresponding   author,    lh@irsee.dk  
Summary 

With upconversion based mid‐infrared spectroscopy we have proved it possible to differen埅�ate                       
between six common types of black plas埅�c. This opens up for the possibility of efficient sor埅�ng of                                 
black   plas埅�c   waste   in   clean   frac埅�ons,   paving   the   road   for   affordable   recycling.  
The present choice to sort scrap plas埅�c, is near‐infrared spectroscopy where the detector                         
technologies are more developed. Black plas埅�cs are typical colored with carbon par埅�cles absorbing                         
most of the near‐infrared light. However in the mid‐infrared regime the effect of the carbon par埅�cles                               
are less significant and the CH‐bonds in the plas埅�c give rise to significant spectroscopic features. For                               
these reasons mid‐infrared spectroscopy is a good choice for iden埅�fica埅�on of black plas埅�c and this                             
have   been   proven   in   previous   work.  
This work differen埅�ate by using an approach for the mid‐infrared detec埅�on, where the reflected                           
signal from the black plas埅�c is upconverted in a nonlinear process before being detected by a silicon                                 
based detector. Using upconversion based detec埅�on significantly reduces the detector noise, allows                       
for   much   faster   detec埅�on   埅�mes   and   simultaneous   measurement   from   several   spa埅�al   elements.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure    Upper:   Reflection   spectra   from   black   PP   and   black   PE,   for   different   exposure   times.   Lower:   Data   sample, 

showing   simultaneous   detection   of   both   PE   and   PP   spectra. 

 
References 

1) G.   Zachmann,   P.   Turner,   “Fast   and   reliable   iden埅�fica埅�on   of   black   plas埅�cs”,   Spectroscopy   Europe   9/1 
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Quantum dots (QDs) tuned to atomic resonances represent an emerging field of 

hybrid quantum systems where the advantages of quantum dots and natural atoms can be 

combined [1,2]. Embedding QDs in nanowires boosts this hybrid system with a set of 

powerful possibilities, such as precise positioning of the emitters, excellent photon extraction 

efficiency and direct electrical contacting of QDs. 

Here we show, for the first time, nanowire QDs frequency-tuned to atomic transitions. 

We use GaAs QDs controllably grown inside AlGaAs nanowires [3]. We apply an external 

magnetic field to tune the emission of our QDs to the D2 transition of 
87

Rb. We then use the 

Rb transitions to precisely measure the actual spectral linewidth of QD photons (9.4 μeV), 

beyond the limit of a high-resolution spectrometer. 

Our work therefore brings highly-desirable functionalities to quantum technologies, 

enabling, for instance, realization of an arbitrary number of nanowire single-photon sources, 

all operating at the same frequency of an atomic transition. 

 

 

 
Figure 1: Nanowire quantum dot tuned to atomic resonances. a) Schematics of a hybrid system of a 
nanowire QD and natural atom, and b) their energy levels. c) Schematics of the experimental setup. 
d) Photoluminescence (PL) spectra of an exciton in a nanowire QD scanned through the atomic 
transitions. The data is interpolated for clarity. e) Transmission of the QD emission through the Rb, 
obtained by tracing the bottom line in d): experimental data (grey points) and fit of our model (blue 
line). The fit reveals very narrow emission linewidth of 9.4 μeV. 
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Sensitive trace gas detection is very important and finds application within urban air quality and emission 

monitoring, industrial gas detection, food processing, security monitoring, breath analysis, to mention a few cases. 
Ideally sensors are expected to be cheap, portable, miniaturized, automated stand-alone devices, which are highly 
sensitive and species selective. For this innovative photoacoustic (PA) sensing is very promising technology [1,2]. A 
quartz-enhanced photoacoustic sensor (QEPAS) trace gas sensor consisting of two acoustically coupled micro-
resonators (mR) with an off-axis 20 kHz quartz tuning fork is demonstrated. The sensor is pumped by a nanosecond 
pulsed mid-infrared (MIR) optical parametric oscillator [4]. The MIR pulsed OPO is based on a fanned-out 
periodically poled LiNBO3 nonlinear crystal and provides a spectral bandwidth of less than 1 cm-1. The repetition 
rate can be changed continuously from 10 kHz to 80 kHz, with 10-20 ns pulse duration depending on the repetition 
rate. The continuous tuning ability of the MIR OPO repetition rate allows for synchronization with the acoustic 
resonance of the QEPAS system.  

 
 
Figure 2: a) The red curve shows the measured methane spectrum with 100 ppm concentration and at 1 atm pressure. The black 

curve shows data from the Hitran database. b) Absorption per cm−1 for two concentrations of methane. 
 

Spectroscopic measurements have been conducted on methane in the 3.1-.3.7 um wavelength region as shown in Fig 
2. Methane detection is of considerable interest since it is a major greenhouse gas and also considered as a potential 
biomarker for different gut and stomach inflammatory diseases and colorectal cancer [3]. The results experimental 
demonstrate that the off-axis configuration is only limited by the thermal noise of the QTF. We demonstrate that the 
compact QEPAS sensor with an instrument limited bandwidth of 1 cm-1, allows for differentiation of the individual 
gasses in a complex mixture and at the same time the QEPAS sensor exhibits gas concentration sensitivities at the 
ppb level [4].  

We acknowledge the financial support from EUREKA (Eurostars program: E9117NxPAS) and the Danish Agency 
for Science Technology and Innovation.  
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Abstract—A slot waveguide based on silicon-rich 

materials is proposed and fabricated. Linear and nonlinear 

characterizations show a low propagation loss of 2.2dB/cm 

and a moderately high nonlinearity γ of 10~18m
-1

 W
-1

. 

Keywords—Nonlinearity; silicon-rich nitride; silicon-rich 

oxide; slot waveguide 

For integrated waveguides applied in nonlinear devices 

and compatible with complementary metal-oxide-

semiconductor (CMOS) technology, silicon (Si) 

waveguides have a large nonlinearity but suffer from high 

nonlinear losses due to two-photon absorption (TPA) [1]. 

On the other hand, stoichiometric silicon nitride (Si3N4) 

waveguides show no TPA but possess a relatively low 

Kerr coefficient (0.24 x 10-18 m2/W [2]) compared to Si. 

Recently, waveguides based on silicon-rich nitride (SRN) 

[3] have been demonstrated to possess a moderately large

nonlinearity with no detrimental TPA effects. Here, we

propose and characterize a slot waveguide structure based

on a core Si-rich oxide (SRO) layer sandwiched by SRN.

Si-rich nitride (SRN)

Si-rich oxide (SRO)

SiO2 insulator

Si-rich nitride (SRN)

hetch_in=56nm

hSRN_down=399nm

hslot =61nm

hSRN_up=392nm

(a) (b) 

Fig. 1.  (a) SEM image of the fabricated slot waveguide with silicon-

rich materials and (b) the mode profile of a 1510nm-wide waveguide. 

Figure 1(a) shows a scanning electron microscopy 

(SEM) image of the cross section of a fabricated slot 

waveguide. The upper and lower SRN layers are 

deposited by low-pressure chemical vapor deposition and 

the SRO layer is deposited by plasma-enhanced chemical 

vapor deposition followed by an annealing process at 

850°C for 1h. Measurements with X-ray photoelectron 

spectroscopy show a Si excess of ~19% and ~12% for the 

SRN and SRO layers, respectively. This increases the 

refractive indices to ~2.12 for SRN and ~1.63 for SRO 

compared with their stoichiometric counterparts Si3N4 

(~1.98) and SiO2 (~1.45) at the wavelength of 1550nm. 

Using chromium as a mask, inductively coupled plasma 

etching is used to etch waveguide structures in the layer 

stack consisting of a 392nm-thick SRN upper layer, a 

61nm-thick SRO slot layer, and a 399nm-thick SRN 

lower layer. Figure 1(b) shows the electric-field intensity 

distribution of the transverse-magnetic mode in such a 

1510nm-wide slot waveguide. Approximately 15% and 

76% of the intensity is confined in the SRO layer and in 

the SRN layers, respectively. 

Figure 2 shows the measured propagation and coupling 

losses of waveguides with different widths. The 

propagation loss reaches ~2.2dB/cm for a waveguide 

width of 1510nm and the coupling loss is around 

5.1~5.7dB. Measurements on a microring resonator with 

a radius of 50μm show a quality value Q of ~1.07 x105. 
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Fig. 2. Propagation (blue square) and coupling (red circles) loss of 

fabricated slot waveguides as a function of the waveguide width. 

Four-wave mixing (FWM) experiments are carried out 

on the fabricated slot waveguides with different widths. 

Figure 3(a) shows the output FWM spectra of a 790nm-

wide waveguide at a coupled power of 24.4dBm with a 

conversion efficiency (CE) of -41.2dB. From the CE, we 

can extract the waveguide nonlinearity γ for waveguides 

with different width, as shown in Fig. 2(b). The size of γ 

is around 10~18m-1 W-1, corresponding to a nonlinear 

Kerr coefficient in the range of 2.5~3.2 x 10-18 m2/W, 

which is an order of magnitude higher than Si3N4.  

Conclusively, the proposed slot waveguide based on 

Si-rich materials can achieve a low propagation loss and a 

moderately large nonlinearity. Moreover, the slot 

structure facilitates flexible dispersion engineering. 
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Fig. 3.  (a) Output FWM spectra of a 790nm-wide slot waveguide. (b) 

Extracted nonlinearity γ for different waveguide widths. 
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Future advancement of photonic integrated circuits for on-chip interconnects depends ultimately 

on the development of ultra-small laser sources. While simultaneous integration of III-V materials 

with photonic crystal (PhC) designs shows very promising results in terms of efficiency and low 

energy consumption [1], it is very important to separate active from passive material regions in 

order to avoid high losses. Active gain-material buried inside PhC cavity guarantees light 

amplification and confinement of both light and charge carriers. On the other hand, passive PhC 

waveguide structures serve for light propagation without induced absorption loss from the active 

material, additionally providing improved thermal properties [2]. From the point of laser design, 

refractive index difference between active and passive regions would naturally result in increased 

cavity mirror reflectivity at the interface, in addition to that produced by the PhC cavity itself, 

providing further design freedom. 

In this work, we present and discuss fabrication process of buried heterostructure PhC lasers, 

employing selective growth method. A completed device features an active InAs quantum dots 

(QDs) region embedded in a cavity of InP PhC membrane. Fabrication is based on electron beam 

patterning of cavity regions on epitaxially grown InP wafer, followed by dry etching and regrowth, 

resulting in buried heterostructure inside the wafer. Electron beam lithography is then used to 

expose the aligned PhC design, and whole structure is membranized. Subsequent 

characterization of the device shows amplified light emission from the PhC cavity, confirming the 

presence of gain material inside it. 

The achievements and further improvements of this work offer numerous future opportunities 

for on-chip active-passive photonic integration. 
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Mid-infrared (IR) plasmonics is a growing field with many applications such as thermal imaging and 

molecular sensing. Metals, as traditional plasmonic materials, suffer from high optical losses and poor 

spatial confinement of surface plasmon polaritons (SPP’s) in the IR wavelength range. Highly doped 

semiconductors can be considered as alternative plasmonic materials in this wavelength range which benefit 

from lower losses, better SPP confinement properties and drastic tunability of their optical properties via 

doping or charge depletion. 

In this project, silicon doped indium phosphide (InP:Si) is grown by metalorganic vapor phase epitaxy 

(MOVPE) and the effect of growth conditions, namely the dopant flow rate and the precursors molar ratio, 

on the free carrier concentration is investigated and optimized in order to achieve higher carrier 

concentrations. Hall effect and electro-chemical capacitance-voltage (ECV) measurements are used to 

determine the free carrier concentration in the samples. Concentration of Si atoms is also measured using 

secondary ion mass spectrometry (SIMS) in order to investigate the incorporation efficiency of Si as a 

donor. The reflectance spectra of the samples are measured by Fourier transform infrared spectroscopy 

(FTIR) and used to retrieve the dielectric function of the InP:Si for different carrier concentrations via curve 

fitting. The retrieved dielectric function is used to simulate SPP excitation on the surface of InP:Si by both 

prism coupling and grating coupling schemes. Simulation results are verified experimentally using a 

germanium hemispherical prism and a diffraction grating fabricated on top of the grown sample using 

photolithography and dry etching. A good agreement between the simulations and the experiments confirms 

the accuracy of the retrieved data and verifies InP:Si as a low loss alternative plasmonic material for the 

mid-IR range. 

In order to demonstrate one of the novel applications of semiconductors in the mid-IR range, the 

optomechanical forces between an undoped InP waveguide and a InP:Si substrate are calculated using the 

experimentally determined permittivity of InP. An order of magnitude amplification of the forces is 

observed upon coupling to SPP’s and three orders of magnitude amplification is observed in the phonon 

absorption regime. These huge forces can be exploited for on-chip opto-mechanical actuation of the 

waveguides for cantilever sensing and switching applications [1, 2]. 
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The intrinsic pressure response of a Fibre Bragg Grating (FBG) inscribed in a single-mode Cyclo olefin 

polymer (COP) microstructured optical fibre (MPOF) in the range 0-200 bar is for the first time investigated. 

In order to efficiently suppress the effects from changes in temperature and relative humidity the pressure 

calibration is performed in a gas free environment with the FBG submerged in water. As a result of the 

incompressible nature of water no temperature effects due to rapid pressure changes are observed. 

 

The Bragg-wavelength of the fabricated FBG is 865.11 nm with a FWHM of 1 nm. Applying a dynamic-gate 

peak tracking algorithm [1] enables us to achieve a sub-pixel resolution down to 2 pm using a low-cost 

commercial CCD-spectrometer (Thorlabs CCS175) with a FWHM resolution of 0.6 nm to measure the 

spectrum reflected from the FBG. 

 

We find a highly linear, hysteresis-free response with a pressure sensitivity of 2.982 ± 0.002 pm/bar. The 

corresponding fractional sensitivity (sensitivity divided by wavelength) is found to be 34.5·10
-6 

MPa
-1

 which is 

of the same order of magnitude as the results obtained for a multimode PMMA MPOF-FBG at 1562 nm 

reported in [2]. The resulting pressure resolution of our sensor is estimated to be 2 bar based on a root mean 

square deviation of 6 pm. 

 

 
 

Figure 1. (Left): Reflected Spectrum of FBG in a single-mode COP-MPOF. (Right): Pressure response of the FBG. 
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Quantum dots in nanowires are one of the most promising systems for numerous applications 
in quantum nanophotonics. Recently, several groups have successfully demonstrated 
nanowire quantum dots in various material systems [1,2]. However controlled growth of high 
quality GaAs quantum dots in nanowires remains a challenge [3,4].   
   Here we show controllably grown GaAs quantum dots in AlGaAs nanowires with excellent 
optical properties. We use molecular beam epitaxy technique to grow our samples on a 
Si substrate. Our growth method results in quantum dots with very narrow spectral linewidth 
(< 10ueV) [5], single-photon and cascaded-photons emission. Moreover, we precisely control 
the dimensions of quantum dots and their position inside nanowires, and demonstrate that the 
emission wavelength can be engineered within the range of at least 30 nm around 765 nm.   
   Our work allows for integration of several key advantages of nanowires with GaAs 
quantum dots, enabling, for instance, direct vertical stacking of multiple quantum dots, 
efficient waveguiding of photons emitted from quantum dots and precise positioning of 
quantum dots on a chip.  

Figure 1: GaAs quantum dots in AlGaAs nanowires. a) Schematics of the sample. b) Scanning electron 
microscopy image of the sample. c) Photoluminescence (PL) spectra of three samples with different growth 
times of a quantum dot (5, 7 and 15 seconds). Inset shows a spectral zoom of one of the emission lines. d) Auto-
correlation (left) and cross-correlation (right) measurements demonstrating single-photon and cascaded-photons 
emission respectively. e) Photoluminescence spectra under external magnetic field. 
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Abstract—A novel temperature-insensitive silicon Mach-

Zehnder interferometer consisting of a multimode 

waveguide as the single physical channel transmitting 

multiple modes is proposed. The fabricated one-channel 

interferometer has a temperature dependence <10pm/°C in 

a wavelength range of 20nm. 

Keywords—Mach-Zehnder interferometer; thermal 

independent; one channel 

Silicon photonic devices are foreseen as promising 

candidates for the modern interconnects but are severely 

sensitive to temperature fluctuations due to a large 

thermo-optic coefficient (TOC) of silicon. Many 

structures have been proposed to minimize the thermal 

drift of a silicon Mach-Zehnder interferometer (MZI), 

one of the basic blocks in silicon photonics, but all 

consist of two physical waveguide channels with 

different lengths and/or different widths [1-3]. Here, we 

propose a temperature-insensitive silicon MZI, which 

possesses a simple design with only one physical channel. 

The fabricated device shows a temperature dependency 

<10 pm/°C in a wavelength range of 20 nm. 

The designed one-channel MZI consists of a silicon 

multimode waveguide as the single waveguide channel 

transmitting multiple modes as the signal channels. 

Figure 1 shows the calculated temperature dependency of 

the effective mode indices (dneff/dT) on the width w of the 

silicon waveguide schematically shown in the box. As w 

increases, dneff/dT of a mode increases for smaller w due 

to domination of the mode confinement and decreases for 

larger w due to domination of the size of neff being 

proportional to w-2. Consequently, the curves of dneff/dT 

versus w for modes of different orders cross due to 

different confinements. As an example, the transverse-

electric fundamental mode (TE0) and the first-order mode 

(TE1) cross and, hence, have the same temperature 

dependency at w= 623nm. 
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Fig. 1. Calculated temperature dependency of the effective indices of 

the modes on the waveguide width w of a silicon waveguide with a 

height of 250nm buried in silica, as shown in the box. 

 

Figure 2(a) shows the waveguide configuration of the 

proposed temperature-insensitive MZI (TI-MZI). The 

input TE0 mode in the 450nm-wide waveguide is firstly 

divided by a 50%:50% power splitter. Then the upper 

signal is converted to the TE0 mode in the 623nm-wide 

multimode waveguide (the waveguide channel) by an 

adiabatic taper and the lower signal is coupled to the TE1 

mode in the waveguide channel by tapering down the 

waveguide width to 288nm to realize phase matching. 

After propagating along the waveguide with a length of L, 

the TE0 and TE1 modes in the waveguide are converted 

back to the TE0 mode in the 450nm-wide waveguide and 

interfered with each other. Figure 2(b) shows the 

scanning electron microscopy (SEM) image for the taper 

and coupling parts of the fabricated device.  
 

L input output 

50%:50% power 

splitter for TE0  
TE0 to TE1 mode 

converter  

 

2μm 

 

288nm 450nm 623nm 

(a) Schematic of the designed device 

(b) Taper and coupling part of the fabricated device 

 
Fig. 2. (a) Waveguide configuration of the designed TI-MZI. (b) SEM 

image for the taper and coupling parts of the fabricated TI-MZI. 

 

Figures 3(a) and 3(b) show the measurement results of 

a fabricated MZI with a channel length of 1.1mm, which 

is found to have an insertion loss of ~0.7dB and a 

temperature sensitivity  <10pm/°C in a wavelength range 

of 20nm and a temperature range of ~62°C. Such a one-

channel MZI can be applied to filters with low thermal 

drift and easy tuning of the free spectral ranges (FSRs). 
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Fig. 3.  (a) Measured and normalized transmissions at different 

temperatures and (b) temperature sensitivity as a function of wavelength 

of the fabricated MZI with arm lengths of 1.1mm. 
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Pulsed visible lasers are used for a number of applications such as laser displays and medical treatments. 

Generating this visible light by direct frequency doubling of high power diode lasers opens new 

possibilities on how the power modulation can be performed. We present an investigation of the 

response of the second harmonic light to perturbations of the infrared laser diode and compare how the 

response differs for DFB- and DBR-Tapered laser diodes. We show that the visible light can be modulated 

from CW to kHz with modulation depths above 90% by wavelength detuning the laser diode. 
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ABSTRACT. Application of sensors based on plasmonic properties of Ag nanostructures have 

some complications due to rapid oxidization in ambient atmospheric conditions. In this work, we 

present results of studies carried out on ensembles of Ag monocrystalline nanoparticles, which, 

due to their morphology and without any additional treatment, demonstrate a strong resistance to 

degradation phenomena during storage in ambient laboratory air. Ensembles with different 

densities (surface coverages) of size-selected Ag clusters (diameters 12 and 24 nm), are fabricated 

and characterized by linear spectroscopy, two photon-excited photoluminescence, surface-

enhanced Raman scattering microscopy and a few microscopy methods. The samples maintain the 

plasmonic properties and show strong field enhancement. The obtained results are of high practical 

relevance for the fabrication of sensors, resonators and metamaterials utilizing plasmonic 

properties of silver NPs. 
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SATURATION EFFECTS OF PHOSPHOR CONVERTED LASER DIODES 
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The golden standard for the solid-state lighting (SSL), light emitting diodes (LED), has been rapidly 

developing during the last decade and continue improving in terms of efficiency and variety of applications [1, 2]. It 

has lately become competitive with conventional light sources, such as incandescent, halogen, fluorescent and others 

in the marketplace.  Reducing heat generation and lowering energy dissipation LEDs can create more energy 

conversion efficient visible light for general lighting application as well as for specific applications [3]. Extremely 

long lifetime, low energy consumption are also some of the factors forcing the growth of the SSL technology. 

One of the widely known contemporary architectures of high-brightness white LED is the phosphor 

converted white light-emitting diode (PC-LED), where blue LED and one or more wavelength-downconverting 

phosphors are used (fig.1). Due to location of blue at short-wavelength part of the visible spectrum, it makes achievable 

downconverting blue light into green, yellow and red parts of the spectrum together with phosphorescent and 

fluorescent materials. Despite great commercial success of PC-LED, they have one remarkable limitation: 

«nonthermal drop» in efficiency with increasing input power density [4, 5]; thus LED chips need to be operated at 

low current densities (fig.2). Consequently, to ensure a high efficiency, increasing the number of LED chips is needed 

to reach a desired high lumen output. A good alternative to achieve high-brightness white light sources is to investigate 

phosphor converted blue laser diodes (PC-LD) [6-9]. Replacing LDs with LED as a solid-state lighting source could 

become a solution for “efficiency droop” at high input power densities. 

 

 
  
Figure 1 Schematics of a blue LED/LD and phosphor based 

white light source [10] 
Figure 2 Power-conversion efficiencies versus input power 

density of high-efficiency blue LED and a high-efficiency blue 

LD [6] 
         

In our project we are working on improvement of light quality of the PC-LD, both for general lighting and 

specific applications. Laser generated white light has recently been demonstrated for high beams in top-line cars [11] 

and introduced in projectors, where the use of ceramic phosphor materials have proven to perform better in terms of 

resistance to high power densities compared to standard silicone or epoxy based matrices [12]. We assume that 

investigation of the saturation effects of the ceramic phosphors is the key to empower highly efficient white laser 

lighting. 
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Huge progress was made in lasers based on InAs/GaAs QDs covering the 1-1.3 µm wavelength range [1]. 

For the wavelength region near1,55 µm QDs have to be formed on the InP material system. In that case 

the commonly used approach of self-assembled Stranski-Krastanow growth doesn’t provide satisfactory 

results as due to an insufficient mismatch of the lattice parameter for InP and InAs material couple. 

For this reason the InP-based material system requires alternative methods of QD synthesis such as 

selective area growth (SAG). Advantages of SAG for QD fabrication over conventional Stranski-

Krastanow growth method are better control of the dot shape and absence of a wetting layer. This results 

in better carrier localization inside the QDs. For obtaining emission at 1.55µm wavelength a mask with a 

hole diameter of approx. 20nm is required for this growth technique [2], and a high density is needed to 

obtain sufficient laser gain. 

Most methods, such as UV and colloidal lithography for SAG mask fabrication are either not able to 

fabricate 20 nm holes or requires an extremely long exposure time and are expensive (E-beam, AFM 

lithography) [3]. Block copolymer (BCP) lithography is a technology which doesn’t have these 

disadvantages. It allows to fabricate a dense and uniform hole pattern with ~20nm holes covering the 

entire wafer surface within relatively short time.  

In our work we utilize polystyrene-block-polydimethylsiloxane (PS-PDMS). It is a silicon-based polymer 

and forms silica-like material during fabrication [4]. It can directly be used as a mask for epitaxial growth, 

what helps to decrease amount of lithographic steps. Through the mask openings we first selectively etch 

InP in-situ to eliminate defects induced by the mask fabrication process prior to selective epitaxial growth 

of QDs. We observe room temperature photoluminescence from SAG QDs. 
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ABSTRACT

The data rate of optical communication links is growing faster as a result of the deployment of dense modulation
formats, multiplexing schemes, special multi-core fibers and many more. However, switching data packets in
data centers between different optical links is still one of the main causes of bottleneck. This is mainly due to
the conversion to electrical signals and back to optical signals after switching. Therefore, fast switching between
different links is required in order to solely benefit from the high data throughput of optical links. The use of
all-optical switches, however, enables switching and processing in optical domain without the need of conversion
to electrical domain. Our work focuses on experimental demonstration of fast and energy efficient all-optical
switches using photonic integrated circuit.

We fabricated Indium Phosphide (InP) photonic crystal membrane with triangular lattice arrangement in-
tegrated on a silicon chip. Photonic crystal is a rich platform that allows efficient light-matter interaction in
nanoscale devices such as waveguides and cavities formed easily by introducing defects into the crystal. The
device is composed of a point-defect cavity side coupled to a line-defect photonic crystal waveguide. The discrete
cavity mode interacts with continuum modes of the waveguide creating Fano resonance.1 By placing a partially
transmitting element (PTE) in the waveguide, the coupling between the waveguide and the cavity can be con-
trolled. Asymmetric Fano lineshape is observed by shifting the PTE one lattice constant off the mirror plane.
Such asymmetric lineshipe is characterized by large On-Off transmission ratio with small spectral separation.
This is the key feature in our switches in that it allows switching contrasts up to 25 dB with spectral separation
of 2 nm.

On-Off Keying (OOK) modulation speed up to 20 Gbit/s have been demonstrated2 using the fabricated
devices in which a continuous wave (CW) light is modulated with a modulating pump signal spectrally located
at the resonance frequency of the cavity. The CW signal is slightly blue detuned from the pump signal and placed
at the minimum transmission. When the pump signal is On, free carriers generated by two-photon absorption
(TPA) induce a blue-shift in resonance frequency hence switch On-state. On the other hand, when the pump
signal is Off, the free carriers diffuse out of the cavity hence the resonance is red-shifted leading to switch-Off
condition. Employing the same principle, we have also demonstrated optical time domain de-multiplexing of
a 40 Gbit/s data signal to 10 Gbit/s. The CW signal is now replaced with the 40 Gbit/s signal such that
switch-On leads to selection of one of the four 10 Gbit/s channels to be de-multiplexed. Error-free operation is
achieved with switching energy as low as 63 fJ/bit. These experiments showed the potentials of Fano resonance
based switches under telecom grade experiments for fast and energy efficient all-optical switching for data center
applications.
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Title: Theoretical investigation of the USPDC noise in the upconversion detection 

Abstract: 

Upconverted spontaneous parametric downconversion (USPDC) is one of the main noise sources for the 
upconversion detection (UCD). In this work, the spontaneous parametric downconversion (SPDC) in the bulk 
lithium niobate crystal is investigated experimentally. The intensity of SPDC in certain bandwidth and space 
angle with respect to the phase mismatching was measured. A physical model for the calculation of USPDC 
noise in the periodic poled crystal was established.  
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ABSTRACT   

Time-resolved fluorescence is a powerful tool used in immunoassays detection. It requires a highly efficient 

fluorophore with long fluorescence lifetime and short enough excitation pulses which are terminated prior to 

the measurement. The europium-based chelates exhibit peak excitation at 325-345 nm and emit fluorescence 

centered at 616 nm. The most widely used excitation light source is Xenon flash lamp, which is bulky and 

exhibits long afterglow, which reduces signal-to-noise-ratio (SNR) of the system [1]. UV LEDs have 

emerged recently as a new excitation light source in many biomedical applications. They are compact, have a 

narrowband emission spectrum, higher wall-plug efficiency, higher stability than the Xenon flash lamps, and 

can be switched rapidly. 340 nm LEDs were employed in time-gated fluorescence systems but having low 

power and very small emitting area [2]. We report on the design and implementation of the UV LED based 

optical system reaching 80% of excitation collection efficiency and delivering up to 6 μJ to the sample, with 

the LED operating within the specified range of injection current. The system was tested on cardiac marker 

immunoassay, TnI with a concentration of 200 ng/L. The same SNR of the new system as of the flash lamp 

unit was obtained without overdriving the LED. The SNR can be further improved optimizing suggested 

parameters.  
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Carrier and Defect Dynamics in Hydrogenated Amorphous Silicon Waveguides
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Deposited hydrogenated amorphous silicon (a-Si:H) is a promising material platform for achieving 
efficient integrated nonlinear optical signal processing functionality in a CMOS compatible archi-
tecture. Compared with other leading candidate materials such as silica, silicon rich nitride [1], 
Hydex [1], and AlGaAs [2], deposited amorphous silicon has high nonlinear index and low two pho-
ton absorption (TPA) [3] while also offering compatibility with back-end CMOS chip processing [4]. 
The stability of this material, however, is not well understood and has resulted in contradictory 
reports in the literature regarding its performance under high optical powers [5, 6]. It remains a major 
challenge to repeatedly demonstrate stable a-Si:H waveguides.

To further understand the mechanism underlying its stability – namely degradation through the 
Staebler Wronski effect [7] — we have measured the response of a-Si:H nanowire waveguides to long 
optical pulses with MHz repetition rate for different power levels and compared the response to that 
obtained using crystalline silicon nanowire waveguides. The measurements were done using the 
experimental setup shown in Fig. 1 (a), recently reported by Aldaya et al [8] as a simple method to 
measure the TPA coefficient and carrier lifetime in crystalline silicon waveguides. A clear qualitative 
difference is observed between the crystalline and amorphous silicon waveguides ((b) and (c)). For 
the moderately low power levels coupled into the waveguide, a transient response spanning tens to 
hundreds of nanoseconds is observed for the amorphous waveguides ((b) and (e)) while no 
appreciable transient is observed for the crystalline silicon devices (c). The output of the amorphous 
silicon waveguide saturates with increasing optical power (d) indicating material degradation 
presumably through the breaking of Si-H bonds, while the loss through the crystalline silicon 
waveguide remains linear over the same power regime.

The transient response of the amorphous silicon waveguides was not found to fit the model for the 
temporal and intensity response described by Aldaya et al for reasonable values of the carrier lifetime 
and two photon absorption coefficient, suggesting that additional physics are required to describe the 
response. We are developing a waveguide model based on that of Aldaya et al which includes the 
photo-generation of dangling bond defects through the Staebler-Wronski effect. By understanding 
the transient mechanism and its relation to material degradation, we expect to gain insight on how to 
further stabilize the material by altering the passivation chemistry, allowing for use of these 
waveguides in nonlinear optical signal processing applications.
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Figure 1: (a) Experimental setup used to measure the long-pulse response. Measured response of amorphous
(b) and crystalline (c) nanowire waveguides. (d) Output versus input coupled power for both waveguides.
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Resolution limitations by losses in dark-field hyperlens
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Hyperbolic metamaterial (HMM) structures, such as metal-dielectric multilayers, behave as ex-

tremly anisotropic metamaterials, exchibiting permittivity tensor with elements of differing signs.

HMMs enable propagation waves with very large wavevectors (high-k waves), giving rise to many

exotic properties. Ability to propagate high-k waves has been also used to obtain subwavength

imaging, using a hyperlens device [1]. We have previosly extended the hyperlens design to oper-

ate as an dark-field hyperlens [2], paving way for imaging weakly scattering objects.

Here we show that unlike the conventional (bright-field) hyperlens, the dark-field hyperlens is

very sensitive to losses in the metal and the image exhibits significant broadening while travelling

through the hyperlens. This places an additional constraints for the hyperlens design. Our initial

design achieved subwavelength resolution of roughly λ/2.4, but it was limited by the material

losses.

We numerically investigated origins of the broadening and contributing factors. We show that

the actual material losses are not the domitaning factor for the image broadening (and consequent

deteriorating of the resolution). This means that, in theory, the image broadening could be reduced

by passive means (without resorting to gain media).
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