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Project Objective:

The project explored a brand new approach to plhotnystals, namely Purely Nonlinear Photonic
Crystals (PNPCs), based on structured optical neatities. Its main objective was to develop an
integrated nonlinear nano-photonic platform ondelectrics of the lithium niobate crystal familydan
achieve with it a few basic device demonstratore Tltimate research aim encompasses photonic
devices with applications to telecom and quantutits@nd potentially also biology and sensing.

Project Overview:

The Marie Curie fellowship allowed Katia to joinetlyroup led by Prof. Laurell at KTH, where she
was trained on state-of-the nanotechnologies, ksited a photonic platform for LiNbOmaterials
(bringing in her previous expertise from 10-yeasearch outside Sweden) and then combined these
capabilities to implement novel PNPC devices. Tatet rely on a new approach to material
engineering, affecting the nonlinear propertiesdpgosed to the refractive index) of the substrate.
The key technology for achieving such a purely ma&ar structuring is known as 'periodic poling'.

Fig. 1.Cascaded frequency up-conversion in a 2D purely nonlinear photonic crystal.

Main scientific achievements

Technology The technological activity of the project addresgedhe first
instance the challenge of controlling the periguiiting in two-dimensions, to
implement non conventional (2D) lattice topologasd achieve high aspec
ratios (depth over width) in the periodic pattegiiio this aim Katia explored e . .
new solutions combining conventional patterningrfgrened with external
electrodes) and chemical methods (to create in-bpéce charge fields in the Joum
crystals to enhance the poling spatial resolutidiis allowed the reliable
fabrication of 1B and 23 PNPCs with record aspect ratios (4:1000=featuFig. 2. AFM image of a
width/depth) as well as the achievement of sub-snigratterning (Fig.2, to be2D PNPCin LiNbO;
published).

Theory and experiments With this technology toolbox, extended to new LiNbénd LiTaQ
substrates with enhanced optical performance (Mgedoand stoichiometric), Katia implemented a
few basic PNPC demonstrators, for frequency up- daan- conversion as well as cascaded
conversion processes (Fig2llRecent highlights includghe broadest bandwidth to date (180 THz)
achieved in parametric generatibmnd he demonstration of twin-beam parametric geiver, a
scheme unique to 2D PNPEs;

Applications. A continued collaboration with Katia's previous easch institution (the ORC), a
world-leading research centre optical fibres and telecom systemsled to of a number of new




applications of her devices @dvanced e-optical signal processing ialtra higt-capacity telecom
systemg:*?

With the quantum optics groups at KTH and Stockhblmversity we arepursuingap Ilcatlons of
the most recenbutcomes of the PNPprojecf to quantum cryptography
and quantum communications(PNPC sources of multi-entangled photons)
The interdisciplinarity ofthe Host Institutio is giving rise to additional
synergy, which could enable theconvergence of opto- nano- and big
technologieson the PNPC platfor of this project towards lab-on-a-chij
applications. In this initialexploratory phas, we are investigating the
propertiesof 2D PNPCs as templates for cell growth and bicklgassay

(fig. 3).

ig. 3. Cell growth on LibO3.

Marie Curie Fellow career development
As a resulof the scientific activity and of the complementémgining activitiesof the PNPC project,
Katia has now successfully integrated her Hositlriigin and can envisage the pursuit of a -term
academic career in Swedeshe has gained the qualificatiof 'Docent'(Assoc. Prof.) ar has now
the formal status ahain supervisor and principal investigaat KTH. Thanks to threcent award of
a Research Fellow position by the Swedish Resdaocimcil, she can now pursue an academic ¢
at KTH anddevelop more ambitious research objectives buildimghe resits ofher PNPC project.

Results in short.
» Scientific publications:
- 12 journal papers and 1 book chapter in preparg
- 9invited talks and 12 regular contributions temiational conference
» Student supervisefl trained through the project:
- at KTH (Sweden): 2 degree students, 2 M.Sc. stsdamd 2 PhD studen
- atthe ORC (UK): 1 Ph.D. student and 1 postl
» Established 5 new intfBuropean collaboratio,
between KTH and research institutions in the UK [@land (1), France (2) and Italy
* Fellow's career developmel
- Docent (Assoc. Prof.) in Physics at K™~ dec 2010
- Research Fellow of the Swedish Research Couneikictronics and photonir- jan 2011
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