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nanostructured semiconductor/metal surfaces (FemtoTera)]

2. Project Period : Oct 1, 2014 ~ Mar 31, 2017
3. Main Participants :
Japan-side (up to 6 people including Principal Investigator)

Name Title Affiliation Role
Pl Kazuaki Sakoda Managing National Institute for | Sample design
Researcher Materials Science
Co-PI Takashi Kuroda Group National Institute for | Characterization
Leader Materials Science
Co-PI Takaaki Mano Principal National Institute for | Self-assembly
Researcher Materials Science
Total number of participating researchers in the project: 3
Partner-side (up to 6 people including Principal Investigator)
Name Title Affiliation Role
Pl Stefano Professor University of Milano | Sample fabrication
Sanguinetti Bicocca
Co-PI Akos Nemcsics Managing Hungarian Academy Characterization
Researcher | of Sciences
Co-PI Caterina Vozzi Researcher | Institute of Photonics | THz generation
and Nanotechnologies
Collaborator Cristian Researcher | Institute of Photonics | THz generation
Manzoni and Nanotechnologies
Collaborator Lajos Toth Researcher Hungarian Academy High-resolution
of Sciences measurements
Collaborator Bela Pecz Researcher Hungarian Academy High-resolution
of Sciences measurements

Total number of participating researchers in the project: 7

4 . Scope of the joint project

FemtoTera addresses the fundamental technological field of ultrashort pulsed Te-
rahertz (THz) radiation generation for time domain spectroscopy. This is an ever-growing
field, due to the important properties of such radiation and its significant applications. One of
the more effective way to generate short THz radiation pulses is via femtosecond
near-infrared (NIR) laser irradiated on semiconductor/metal surfaces. FemtoTera project
targets the study of such THz generation process at surfaces by stimulating with ultrashort
laser pulses a semiconductor surface nano-engineered with self-assembled quantum mol-
ecules (QDM) - metal nanoparticle (MNP) systems.

The surface is nanostructured with QDM-MNP complexes via bottom-up processes,
using the innovative fabrication schemes (Droplet Epitaxy) based on advanced Molecular
Beam Epitaxy procedures for the self-assembly and self-alignment of QDM and MNP.
Droplet Epitaxy offers the unique opportunity to realize both QDM and MNP within the same
bottom-up approach and platform, thus allowing the fabrication of large functionalized sur-
faces for efficient THz generation.

The interaction effects between ultrashort NIR laser pulses and the nanostructured
surface has been investigated, both theoretically and experimentally using the comple-
mentary expertise of the EU and Japan groups increasing our understanding of the complex,
multi time scale physical interactions between light and matter and their related pho-
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to-responsive processes. Relevant effects of the interaction between QNP and ultrashort
NIR laser pulses mediated by the MNP have been observed.

The FemtoTera consortium has defined and characterized in detail the QDM-MNP
system to meet THz generation requirements by means of experimental and theoretical
approaches. The bottom-up nano-structuring of semiconductor surface with QDM-MNP
coupled systems, matching the requirements, in terms of quantum confined state energy
and localization within the QDM and spatial matching of MNP with the corresponding MNP,
was obtained. Accurate morphological and optical characterization has permitted to under-
stand in detail the QDM-MNP growth process and their physical properties in view of their
use for efficient THz generation.

5. Outcomes of the joint project

5 — 1 Intellectual Merit
Design of QDM-MNP systems for THz generation: The project fist task was to design a
QDM-MNP structure that reflects the theoretical requirements. For this purpose, EMA elec-
tronic state calculations, based on realistic QDM models, taken from AFM measurements of
a test sample, have been performed. The relevant parameters were deduced, namely elec-
tron and holes wavefunction energies and spatial extension within a single QDM, as a func-
tion of the QDM shape and size. These calculations set the size and shape characteristics
needed to construct the QDM.
Fabrication and Characterization of QDM-MNP systems for THz generation: Once the
growth targets are defined in the design step described previously, through the detailed
analysis of the observed dependencies of the QDM morphologies and Ga droplet position
on the growth parameters during MBE growth, we could determine the optimum conditions
to drive the system towards the targeted QDM electronic states.

5 — 2 Synergy from the Collaboration

The possibility to make a joint Japanese-European project has permitted the integra-
tion of a well-established scientific activities of characterization on nanostructured surfaces
in Japan with the growth, structural and optical characterization EU groups working in
droplet epitaxy nanostructures and Thz generation by femtosecond laser pulses. This has
permitted to integrate a new working practice with a distributed approach, where inputs
coming from groups working in different fields and different nations are integrated in a single
research line, with frequent interchange of data and discussions about investigation paths
and the definition of the optimal design of the nanostructured QDM-MNP hybrid surface.

The consortium successfully coordinated an efficient and interdisciplinary collabora-
tion between the consortium partners to ensure the ideal chain of the comprehension of the
mechanisms at the basis of THz generation via nanostructured semiconductor/metal sur-
faces is achieved.

The network generated by the Femtotera project will continue to collaborate after the
project end to the further development of the Femtotera knowledge and technology.

5 — 3 Potential Impacts on Society

The main impact of the project has been to strongly interlink the four groups partic-
ipating to the project. This allowed the mutual contamination of expertise between the
members and the completion of the complex Femtotera project which required a vast, in-
terdisciplinary knwoledge. In this respect an innovative method for the site matching of QDM
and MNP has been developed by the Femtotera consortium which was allowed by the
sharing of the scientific competencies of the EU and Japan groups. The scientific results are
relevant, clearly opening the way to the use of nanostructured surfaces for the efficient
generation of THz radiation via fs laser pulses. The scientific findings will be the argument of
two papers in preparation.
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