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quantum and telecom applications.
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• Study and design of novel materials for all-optical processing applications, including
silicon, silicon nitride and tantalum pentoxide.

• Responsible for the development of integrated photonic components for physics,
quantum and telecom applications.

• Study of devices based onmeta-materials for the development of all-optical signal pro-
cessing functionalities.

Nov 2014 - Optoelectronics Research Centre, University of Southampton, Southampton, SO17 1BJ, UK
Nov 2017 Research Fellow

• Design, fabrication and characterization of high speed (>50 Gb/s) silicon photonic de-
vices for telecommunication and optical processing applications.

• Design of novel materials and devices for all optical signal processing. Study of nonlin-
ear phenomenon in integrated optical waveguides. Fabrication and characterization of
silicon photonic optical processors.

• Design, fabrication and characterization of silicon photonic components for high den-
sity optical circuit applications.

Jan 2014 - University of Pavia, Integrated Photonics Lab, Pavia, 27100 Italy
Oct 2014 Research Associate

• Design and characterization of nonlinear optical components for all optical signal pro-
cessing applications.

• Design and characterization of silicon photonic - III-V semiconductors optical devices.

Profile Summary
CLholds a PhD inElectronics andComputer Science Engineering from theUniversity of Pavia. Dur-
ing his PhDhe studied nonlinear optical phenomenon observed on silicon photonic-based devices.
In 2014, he worked as Postdoct oral Fellow at the University of Pavia within the frame of a European
Project named ”FABULOuS” (Project #318704, FP7/ICT), which aimed to the realization of silicon
photonic optical devices and components for passive optical networks. Thereafter, CL obtained a
Research Fellow position at the Optoelectronics Research Centre (ORC), University of Southamp-
ton, tasked with the realization of high-speed silicon photonic systems for telecom and data-com
applications. CLworks as senior investigator of a 6Mprogramgrant, foundedby the EPSRCCouncil,
named ”Silicon Photonics For Future Systems” which is set to tackle fundamental challenges that
are still present in the silicon photonics technology. CL is responsible of the Work Package 3 that
is devoted to the design, fabrication and realization of highly integrated optical devices and optical
processors for operations at speeds exceeding 1 Tb/s.
CL has gained a significant experience and knowledge in the field on integrated optics, silicon pho-
tonics and optical linear and nonlinear processing, and his research agenda covers a wide range of
topics. His current research interests include:

• Studyofnovelmaterials forhigh-efficiencynonlinear interactions in integratedphotonic struc-
tures.
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• All optical signal processing devices based on integrated photonic components.

• Novel optical transmission systems based on silicon photonic-based optical processors.

• Silicon photonics active and passive components, for telecom and sensing applications.

CL has established himself as a central figure within the ORC and is regularly asked to attend ma-
jor conferences as invited speaker (in 2017 he has been invited to disseminate his findings at Pho-
tonic in Switching and OSA CLEO-PR 2017, in 2018 he has been invited at OSA CLEO-PR 2018 and
ACP2018). CLhas been recently promoted to a senior positionwithin theORC (Senior Research
Fellow).

Publication record andmetrics (scientific career started in 2011)
• Full and updated details:

– https://www.scopus.com/authid/detail.uri?authorId=50461685300
– https://scholar.google.co.uk/citations?user=Uz6-BR0AAAAJ

• H-index: 13 (scopus), Total citations count: 350 (scopus)

• Author of 24 research journal publications (JCR-indexed)

– First author count: 8
– Corresponding author count: 11
– Invited paper count: 2
– The paper [J12] has been included in the TOP 100 Physics collection of Scientific Reports

(ranked 15th). CL was corresponding Author of this journal publication.

• Author of 39 conference proceeding publications (international only)

– Invited conference contribution count: 9 (5 time presenter and first author).
– The paper [C48] was the top scored paper at ECOC 2018 (committee n.5).
– The paper [C55] was the top scored paper at OFC 2019 (committee n.5).

• 1 patent application filed in the US.

Other responsibilities and activities
Scientific responsibilities and activities

• CL serves as Editorial board Member of MDPI Optics (ISSN 4444-9999).

• CL is a Technical Program Committee Member of CLEO-PR 2020 (to be held in Sidney in Au-
gust 2020).

• CL serves as regular reviewer for OSA/IEEE/Nature publications.

• CL was Technical Program Committee Member of ICMAP 2018.

• CL isGuest Editor for theRoadmaponall-optical signal processing, to be published on Journal
of Optics - IOP Science.
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Institutional responsibilities and activities
• CL is a member of the ”Equality and Diversity” Committee of the The Faculty of Science and

Engineering (FPSE) at the University of Southampton

External and outreach responsibilities and activities
• CL is a board member of the ”Italian Association of Scientists in the UK (AISUK)” that pro-

vides support to italian scientists in theUKanddoes dissemination activities across thewhole
country.

Research Activity Summary
CL has started his scientific career in 2011. He was awarded of a PhD scholarship to work on
silicon photonic third- order nonlinear components for all optical signal processing applications.
Since then, CL has mainly worked in the field of integrated optics and all-optical signal processing,
using either linear and nonlinear optical techniques. A detailed review of his research interests is
reported below.

Optical nonlinearities in integrated photonic components for all-optical processing
The ability to directly process an optical signal in the optical domain, without the use of any elec-
trical wave, would unlock many unprecedented opportunities and applications. The use of optical
nonlinearities has been identified as one of the possible options to realize all-optical processing
functionalities. Indeed, nonlinear optical materials could show a nonlinear polarization response
to an applied electrical field, thus facilitating themanipulation of optical signals (in phase or ampli-
tude) in the optical domain. For this reason, it is of great importance to acquire a deep knowledge
of the nonlinear optical properties of different materials, as well as developing the capability to de-
sign suitable waveguiding structures that enhance the desired effects. In this context, integrated
photonic structures grant the possibility to fine-tune both the material properties (e.g. by suitable
doping or by mechanical stress) and the waveguide properties (e.g. creating high/low confinement
waveguides or even slot waveguides), hence representing a fundamental tool for the development
of all-optical nonlinear components. Silicon photonic waveguides are typically composed of a sil-
icon core (n=3.4) embedded in a silica (n=1.44) cladding. This creates waveguides with very high
refractive index contrast (>2), thus allowing for very thigh optical mode confinement which in turn
implies the potentiality to obtain strong optical intensities, even with relatively low power levels.
Silicon also exhibits a very highχ(3) coefficient, making silicon photonic waveguides very attractive
for the realization of compact and low power integrated nonlinear devices.
Although this field has seen meaningful advancements in the last 10 years, significant limitations
are still present. These are mainly related to presence of two-photon absorption (TPA) and free-
carrier absorption (FCA) effects, that may occur in silicon structure when relatively high-intensity
waves are sent into the waveguiding structure, even when beams with a photon energy lower than
the band-gap (i.e. beams with an optical wavelength in the transparency region of the material) are
considered. As the presence of large TPA and FCA in silicon waveguides represents a barrier for the
(efficient) generation of nonlinear optical effects, during his research activity CL has tackled these
issues, proposing both the use of novel materials (e.g. silicon-rich silicon nitride) or new device
configurations,whichallowed toachieveahighbeamconfinement inamaterialwithhighnonlinear
response, exhibiting at the same time low linear and nonlinear losses.
During his PhD hemainly worked on the development of twomain applications, which can be real-
ized by making use of nonlinear devices, that were a) all-optical wavelength conversion using four
wave mixing and b) high speed all-optical switching.

Cosimo Lacava - October 2019 4 of 12



Four Wave Mixing (FWM) is a third-order (χ(3)) nonlinear effect that allows the generation and
conversion of frequency components. In its basic configuration, when two waves (placed at ν1, ν2,
ν2>ν1) are launched in a χ(3) nonlinear media, two new frequency components are generated at
ν4 = ν2 + (ν2 − ν1) and ν3 = ν1 − (ν2 − ν1). In this process two pump photons are annihilated,
leading to the generation (energy exchange between the pumps and the generated waves occurs)
of a pair of photons placed at ν3 and ν4. Due to its nature and its properties, FWM is relevant for
a number of applications such as wavelength conversion and exchange (telecom-oriented), gener-
ation of quantum-pair generation or heralded single-photon sources (quantum applications) and
optical comb and super-continuum generation (with applications in physics, telecom, sensing and
metrology). CL has extensively explored FWM-based devices for a variety of uses. For example, he
worked towards the realization of all optical, integrated, wavelength converters, that can operate at
low power, and high bandwidth demonstrating wavelength conversion with optical power levels of
tens of mW, operating across a bandwidth of more than 40 nm [J1-J3]. CL has also explored FWM
effect in optical cavity systems. Indeed, the strength of the FWM effect can be greatly enhanced
when operated in resonant devices, giving the rise to cascaded frequency generation at relatively
low power levels. In this context, CL has shown frequency generation is silicon photonic ring res-
onators, demonstrating their capability to operate as low power wavelength converters as well as
compact comb sources [J5].
All-optical switching also represents a key functionality for various fields. For example, the ability
to switch an optical signal using another optical signal, would allow for extremely high speed op-
tical modulation operations, paving the way to complex and sophisticated functionalities. During
his PhD, CL has demonstrated all optical switching at rates of 40 GHz [J4], by making use of the ul-
trafast Kerr effect, whose speed was only limited by the testing instrumentation. The demonstrated
device constituted a fundamental, scalable, building block, which can serve for the realization of
integrated all optical processors.
CL has recently proposed the use of a novel technological platform based on silicon-rich silicon ni-
tride as light-guidingmaterial. CL has focused his initial research efforts on thematerial design and
synthesis, developing novel, reliable fabrication routines to obtain silicon nitride films containing
different quantities of silicon. The deep knowledge of the synthesis process allowed to fine-tune the
material properties, obtaining a flexible platform showing, at the same time, low linear and nonlin-
ear losses (due to reduced absorption and scattering effects as well as a negligible Im{χ(3)}) and
a large real part of the χ(3) coefficient, which allowed for efficient nonlinear effects. This study has
been published in Scientific Reports [J11] and presented, as an invited contribution, at CLEO-PR
2017 and CLEO-PR2018. The platform developed by CL is currently used by the silicon photonics
group (led by Prof. Graham Reed) to routinely produce silicon nitride devices, constituting part of
fabrication protocols of the Cornerstone project (sotonfab.co.uk). This study has been also used as
basis of a submitted EPSRC1 project (in collaboration with Dr. Fred Gardes) which will look to de-
velop advanced silicon-rich silicon nitride devices for applied physics and quantum applications.
In order to explore the potentials of the developed platform and its use in a wider range of applica-
tions, CL has recently set two scientific collaborations:i) with Glasgow University (Prof. Marc Sorel)
that will provide support in designing, fabricating and testing of silicon-rich silicon nitride waveg-
uides for super-continuum generation, covering wavelengths ranging from visible to the mid in-
frared and ii) with EPFL Lausanne (Prof. Camille Bres), that will provide support in studying the
second-order nonlinear effects (recently observed in siliconnitride-basedmaterials) that arise from
the silicon-rich silicon nitride material waveguides.
As an alternative route, CL has recently proposed the use of Ta2O5 as possible nonlinear material,
exhibiting low loss and high nonlinearities at telecom and mid-IR wavelengths. This project is cur-
rently being investigated in collaboration with Prof. James Wilkinson who is providing fabrication
support. Preliminary results have been presented at the Optical Fibre Communication Conference
[C36] and furthermaterial developments are currently being investigated. CL coordinates this work

1Engineering and Physical Sciences Research Council
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within the optical communication, the silicon photonic and the integrated optics groups and he is
currently responsible of the device design (in terms of linear and nonlinear response) and charac-
terization steps.
During the last year, CL has started a new activity, focused on the development of multi-mode non-
linear photonic components. Nonlinearmultimode optics allows formore sophisticated signal pro-
cessing devices, enabling, for instance, the generation of frequencies in themid-IR region, using the
inter-modal four wave mixing effect. CL has demonstrated, for the first time, the generation of new
wavelength components in the L-band, using a dual-pump Bragg scattering inter modal four wave
mixing scheme [C48,C49]. The results have been recently presented at GFP 2018 and ECOC 2018
conferences. The ECOC paper was one of the top scored papers of the conference and CL has
been invited to write an extended version of the manuscript [J21]. Recently, the same four wave
mixing scheme has been employed to demonstrate broadband and efficient inter-modal four wave
mixing in silicon rich silicon nitride devices. This work has been presented as top scored paper
at the OFC 2019 [C55] conference and its extended version has been published in OSA Photonics
Research Journal [J20]

High-speed optical components and processors
Currently, the development of silicon photonic high speed (>100Gb/s) transceivers and optical pro-
cessors represents a hot research topic, and significant efforts are being devoted to this, from both
high-tech companies and academic bodies. In this context, CL has focused his research efforts
to the development of high-speed and ultra-linear optical intensity modulators, based on electro-
optic effects. High-speed silicon photonic phase shifters are typically composed of a p-n junction-
waveguide (half of the waveguide, or part of it, is n-doped, while the remaining is p-doped). By
applying a reverse-voltage across the junction, thanks to the carrier-depletion effect, a phase shift is
induced to the traveling wave. Intensity modulators are then obtained by incorporating a phase (or
more) shifter section into a Mach-Zehnder or a microring device. These devices show strong non-
linear transfer functions, thus inducing unwanted distortion to the output modulated wave. The
main sources of nonlinearities are related to the overlap integral between the carrier-distribution
change (induced by the carried depletion effect) and the optical field of the traveling beam and and
to the nonlinear transfer functions that either the Mach-zehnder or the microring struture exhibit.
CL hasworked toward the realization of ultra-linear silicon photonicmodulators taking care of both
these source of nonlinearities. In particular, he proposed a novel and optimized p-n junction dop-
ing map that allowed to position the p-n junction depletion region across a uniform region of the
optical field, thus drastically reducing the device nonlinearities [J11]. Additionally he also designed
a novel Mach-Zehnder scheme that incorporated a microring resonator in one of its arm. By op-
erating the device at wavelengths that are out of the microring resonance wavelengths, the Mach
Zehnder nonlinearities (sub-linear behaviour) can be compensated by themicroring nonlinearities
(super-linear behavior), producing a linear response.
The obtained results have shown that the developed devices offered superior performance,thus al-
lowing the transmission and manipulation of high-complexity multi-level signals, requiring highly
linear modulators, (such as OFDM2 and PAM3), with speed exceeding 100 Gb/s. These results have
attracted considerable attention from the research community, and CL has been asked to give an
invited speech at the last OSA Photonics in Switching conference (New Orleans – 2017) to describe
these achievements.

2Optical Frequency Division Multiplexing
3Pulse Amplitude Modulation
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Development of efficient fibre to chip coupling solutions
Silicon photonic integrated components show very high index contrast (≈2), thus facilitating high
confinement of the optical radiation and, consequently, the realization of high-density photonic
integrated circuits (PIC). Unfortunately this also introduces significant design challenges when an
efficient interface between PIC and standard optical fibre is required. This is because the optical
mode area of standard fibre is three order of magnitude larger than the modal area of a standard
silicon waveguide. For this reason, the design and the study of efficient coupling device is essential
to the functionality of any silicon photonic PIC that need to be interfaced to external, fibre-based
components.
Although many approaches have been proposed in the past, this topic remains one of the biggest
challenges in the field, and achieving efficient and broadband interfaces is still an open issue. In
the past four years CLworked towards the realization of novel devices that can show a coupling effi-
ciency (between the silicon photonic circuit and a standard single mode optical fibre) of more than
80 % ,and which can be produced by only using CMOS compatible processes. In this context, a sig-
nificant achievement demonstrated by CL has been the realization of a fiber-to-PIC interface, fabri-
cated in the ORC clean-room, exclusively using CMOS-compatible processes [J12], which showed a
record experimental efficiency of> 81%. Such a result has been achieved by noticing that common
grating-coupler structures, based on a linear apodization of the fill-factor parameter, intrinsically
imply that the Bragg-law is only satisfied in a single position of the coupling element and not along
its whole length. As a consequence, CL and coworkers, developed a new grating-coupler design
procedure, allowing to satisfy the Bragg condition along the whole apodized grating, thus obtain-
ing a significant performance improvement. As this technique allows a significant advantage over
conventional approaches, it attracted significant interest both from academic and industrial bodies
working in the field across the world. A US-patent application has also been filed. CL now plans to
use the developed expertise to design and demonstrate more advanced devices, which can operate
with more than one polarization state, with more spatial modes, across multiple wavelength bands.
CL has been recently invited, by the OSA Photonics Research Journal Editorial board, to write a
review paper covering the topic. The paper has been recently accepted and it is currently in press.
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