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Strategic International Collaborative Research Program (SICORP)
Japan — Switzerland — Italy Joint Research Program
Executive Summary of Final Report

1. Project Title: Functional Thin-Film Ferroelectric Materials for CMOS compatible Photonics (FF-Photon)
2. Project Period: October 1, 2014 ~ March 31, 2017
3. Main Participants:

Japan-side (up to 6 people including Principal Investigator)

Name Title Affiliation Role
Pl Kazuo Professor | School of Materials Project management. Development
Shinozaki and Chemical of optimal buffer layers.
Technology, Tokyo
Institute of Technology
Co-PI Hisao Professor | Research Institute of Synthesis of ferroelectric thin films
Suzuki Electronics, Shizuoka by CSD method.
University
Co-PI Naoki Professor | Research Institute of Synthesis of ferroelectric thin films
Wakiya Electronics, Shizuoka | by CSD method. Exploration of
University novel buffer layers.
Co-PI Tomoaki Associate | Department of Coordination of joint research.
Yamada Professor | Materials, Physics and | Theoretical study on ferroelectric
Energy Engineering, thin films. Synthesis of ferroelectric
Nagoya University thin films by laser ablation.
Co-PI Tadashi Assistant | School of Materials Structural, optical and electrical
Shiota Professor | and Chemical characterizations of ferroelectric thin
Technology, Tokyo films.
Institute of Technology
Collaborator | Shinya Ph. D Department of Calculation of EO effect of
Kondo student Materials, Physics and | ferroelectric thin films. Synthesis of
Energy Engineering, ferroelectric thin films by laser
Nagoya University ablation.

Total number of participating researchers

in the project: 6

Partner-side (up to 6 people including Principal Investigator)

Name Title Affiliation Role
Pl Juerg Professor Institute of Project management. Design,
Leuthold Electromagnetic Fields, | fabrication, and part of
ETH Zurich characterizations of the proposed
nanophotonic devices.
Co-PI Mario Professor Department of Characterization of devices.
Martinelli Electronics, Information | Evaluation of the impact of new
and Bioengineering, EO devices on photonic
Politécnico di Milano infrastructure.
Co-PI Ping Ma Senior Institute of Coordination of joint research.
Researcher | Electromagnetic Fields, | Design, fabrication, and part of
ETH Zurich characterizations of the proposed
nanophotonic devices.
Co-PI Pierpaolo | Associate Department of Responsible of the PoliMI
Boffi Professor Electronics, Information | research unit. Characterization of
and Bioengineering, devices. Evaluation of the impact
Politécnico di Milano of new EO devices on photonic
infrastructure.
Co-PI Paolo Assistant Department of Characterization of devices.
Martelli Professor Electronics, Information | Evaluation of the impact of new
and Bioengineering, EO devices on photonic
Politécnico di Milano infrastructure.

Total number of participating researchers in

the project: 6
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4. Scope of the joint project

Ferroelectric materials have been extensively explored and used for various practical
applications such as nonvolatile memories and capacitors. Of particular interest is the strong
electro-optic effect in many ferroelectrics that is absent in silicon. Recently, thin-film
ferroelectric materials have attracted increasing attention as advanced functional photonic
materials in CMOS compatible silicon photonics. While proof-of-concept demonstrations of
functional ferroelectric layers have already been given, neither the manufacturing nor
characterization can cope with the challenges posed by a future chip-scale photonic
fabrication.

In this interdisciplinary project, we investigate the light-matter interaction of epi-grown
thin-film ferroelectric materials and develop the related manufacturing and characterization
technologies. As an outcome of the project we envision a deep and comprehensive
understanding of the photo-responsive process of ferroelectric thin-films and the
establishment of a platform for CMOS compatible ferroelectric thin-films and enabled
innovative optical devices. Swiss, Japanese and Italian project partners work on the device
design and fabrication, thin film material’s development and integration, material and device
characterization, respectively, with mutual collaborations.

5. Outcomes of the joint project
5-1 Intellectual Merit

Various useful and significant outcomes arised through the collaborations. For material’s
development and integration by Japanese groups, the structure of CeO./YSZ double buffer
layer for growing epitaxial ferroelectric thin film on Si was optimized at Tokyo Tech. In
addition, a novel single buffer layer material, NdSZ, was found to be useful at Shizuoka Univ.
Two kinds of high-quality epitaxial ferroelectric thin films, PMN-PT and BST, were
successfully grown on the buffer layers at Shizuoka Univ. and Nagoya Univ. Theoretical
model for electro-optic effect in ferroelectric thin films was also successfully developed at
Nagoya Univ, and it gave the insight of light-matter interaction of ferroelectric thin film with
epitaxial strain. For device developments and characterizations by Swiss and Italian groups,
the required properties of the ferroelectric materials have been identified and the geometries
of the plasmonic devices have been designed, modelled, and optimized at ETH. It has been
concluded that the optimized device designs offer a satisfactory performance with regards to
the device size, insertion loss, modulation depth, and bandwidth. The prototyping device, a
plasmonic Mach-Zehnder optical modulator, has been fabricated and tested at ETH, which
is demonstrated to work in a direct-detection setup with a 72 Gbit/s NRZ modulation format.
PoliMl has successfully designed, in collaboration with ETH, and implemented onto an
optical bench, a setup for testing ferroelectric film samples produced by Japanese partners
and measuring the electro-optic coefficient. PoliMI has also analysed the state-of-the-art of
datacom and telecom infrastructure.

5-2 Synergy from the Collaboration

Collaboration has offered a great opportunity to combine the diverse research expertise and
facilities among Japanese and European colleagues to research on challenging and highly
interdisciplinary topics. The participating Japanese material research groups have benefited
from the extensive knowledge and experience of the Swiss and ltalian colleagues on the
design, fabrication, characterization of the optical materials and devices. The participating
researchers at Swiss and Italian groups benefited from the extensive knowledge and
experience of Japanese colleagues on the material science and technology. These
collaborations accelerated the understanding of light-matter interaction of ferroelectric thin
films and the development of photonic devices.

5-3 Potential Impacts on Society

The FF-Photon project aims at exploring novel high-impact real-world-driven applied
science and technologies that go beyond today's technological limits. The most relevant
impacted areas would be functional optical materials and photonic infrastructure for optical
communications. Therefore, the project is expected to have a strong impact on a highly
active research field that offers economic and ecological advantages with a perspective
towards commercial product solutions, and ultimately, to contribute to the improvement of
the communication and information technology that serves and civilizes the human society.
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