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Strategic International Collaborative Research Program (SICORP)
Japan—V4 Joint Research Program
Executive Summary of Final Report

1. Project title : Nanophotonics with metal — group-IV-semiconductor nanocomposites: From
single nanoobjects to functional ensembles
2. Research period : November 2015 ~ March 2019
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Minoru Fuijii Professor | Kobe University Supervision,
management
Co-PI Hiroshi Sugimoto | Assistant | Kobe University Si nanocrystal
Professor formation,
characterization
Co-PI Shinya Kano Assistant | Kobe University Electronic
Professor | (~March 2019) device
Collaborator | Kenji Imakita Associate | Kobe University Characterization
Professor | (~March 2016)
Collaborator | Takashi Kanno PhD Kobe University Characterization
student (~March 2017)
Collaborator | Asuka Inoue PhD Kobe University Bio- imaging
student (~March 2019)
Total number of participants throughout the research period: 6
Czech-side
Name Title Affiliation Role in the
research project
PI Jan Valenta Professor | Charles University | Supervision,
in Prague management,
Single dot
spectroscopy
Co-PI Marie Associate | Charles University | Bio-imaging
Hubalek-Kalbacova | Professor | in Prague
Co-PI Anna Fucikova Assistant | Charles University | Surface
Professor | in Prague functionalization
Collaborator | Lucie Ostrovska PhD Charles University | Bio-imaging
student in Prague
Collaborator | Tereza Belinova PhD Charles University | Bio-imaging
student in Prague
Collaborator | Ondrej Pavelka PhD Charles University | Composite
student in Prague formation
Total number of participants throughout the research period: 6
Hungary-side
Name Title Affiliation Role in the
research
project
PI Adam Gali Research | Wigner Research Supervision,
group Centre for Physics, management
leader Hungarian Academy
of Sciences
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Co-PI Balint Somogy, PhD Wigner Research DFT
student Centre for Physics, calculations
Hungarian Academy
of Sciences
Co-PI David Beke PhD Wigner Research SiC
student Centre for Physics, nanoparticle
Hungarian Academy | formation
of Sciences
Collaborator
Collaborator
Collaborator
Total number of participants throughout the research period: 3
Slovakia-side
Name Title Affiliation Role in the
research
project
Pl lvan Stich Professor | Institute of Physics, | Supervision,
Slovak Academy of | management
Sciences
Co-PI René Derian Post doc Institute of Physics, | Quantum
researcher | Slovak Academy of | Monte Carlo
Sciences simulation
Co-PI Kamil Tokar Post doc Institute of Physics, | Quantum
researcher | Slovak Academy of | Monte Carlo
Sciences simulation
Collaborator
Collaborator
Collaborator
Total number of participants throughout the research period: 3
Poland-side
Name Title Affiliation Role in the
research
project
PI Romuald Professor Warsaw University Supervision,
Bartlomiej Beck of Technology management
Co-PI Robert Associate Warsaw University Device
Mroczynski Professor of Technology formation
Co-PI Andrzej Mazurak | Researcher | Warsaw University Device
of Technology modeling
Collaborator
Collaborator
Collaborator
Total number of participants throughout the research period: 3

4. Summary of the international joint research

The purpose of the project is to develop new environmentally-friendly composite nanomaterials
composed of silicon nanocrystals and metal nanostructures and demonstrate their potential for
optoelectronic device and biomedical applications. Silicon nanocrystals are known to be
environmentally friendly and biocompatible and thus potentially suitable for biomedical applications.
Furthermore, they have high compatibility with the silicon-based microelectronics industry. A core
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material in this project is a newly-developed all-inorganic polar-solvent-dispersible silicon
nanocrystal, in which boron and phosphorus are simultaneously doped. Because of the boron and
phosphorus codoping, the property of the Si nanocrystals is very much different from conventional
ones and they have many superior properties. In this project, we perform comprehensive
experimental and theoretical studies to understand fundamental physics of the codoped Si
nanocrystals, and develop composite nanostructures based on the codoped Si nanocrystals. We also
study the cytotoxicity to investigate the potential for bioimaging and biosensing applications.
Furthermore, we explore the applications in electronic devices.

This international joint research involves research groups from five countries: Japan, Czech
Republic, Hungary, Slovakia, and Poland. The role of each team is as follows. The Japan group will
develop boron and phosphorus codoped silicon nanocrystals (doping, surface modification,
composite nanostructure formation, etc.). The Czech group will conduct the physical property
evaluation at the single nanoparticle level and the bio-application research. The Hungarian group and
the Slovak group perform electronic structure calculation by a density functional theory and a
quantum Monte Carlo method, respectively. The Polish group perform modeling and production of
electronic devices.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

In this international joint research project on boron and phosphorus codoped silicon nanocrystals,
the following researches were performed; 1 evaluation of the structure, especially distribution of
dopants, 2 improvement of the quality of silicon nanocrystals (e.g., size distribution, luminescence
quantum yield, etc.), 3 analysis of the energy level structures, 4 development of the technology for
surface modification, 5 analysis of the photocatalytic activity, 6 evaluation of the cytotoxicity and
demonstration of the bioimaging application, 7 formation of multilayer films made from different
size silicon nanocrystals, 8 formation of composite nanostructures and achievement of the
luminescence enhancement, and 9 development of electronic devices such as thin film transistor,
resistive memory, respiration sensor, etc. The results obtained in this projects were published in
prestigious scientific journals.

5-2 Synergistic effects of the joint research

In this international joint research project, groups of five countries with very different specialties
participate, so establishment of a firm communication routs was crucial to generate the synergy
effect. We set up many opportunities for face-to-face discussions to make smooth communication
possible. Specifically, kick-off meetings were held at Kobe University immediately after the
acceptance of the application, and annual meetings, in which members of all groups participate, were
held in each group annually. In addition, we prepared many opportunities for young researchers to
visit each other and collaborate on research. As a result of research exchange in various forms, the
synergetic effect of this international joint research has yielded many important results.

5-3 Scientific, industrial or societal impacts/effects of the outputs

As this international joint research is a basic research related to the development of new
nanomaterials, it contributes to society through the publication of academic papers. As for that, we
have published many articles in high impact factor journals, and we believe that we have achieved
satisfactory results. In addition, graduate students and young researchers are the leading authors in
most of the papers, and thus this project has greatly contributed for the carrier development of young
researchers.
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1. Lucie Ostrovska, Antonin Broz, Anna Fucikova, Tereza Belinova, Hiroshi Sugimoto, Takashi
Kanno, Minoru Fujii, Jan Valenta, and Marie Hubalek Kalbacova , "The Impact of Doped
Silicon Quantum Dots on Human Osteoblasts", RSC Advances, Vol. 6, 63403-63413 (2016)
DOI: 10.1039/C6RA14430F

2. Takashi Kanno, Hiroshi Sugimoto, Anna Fucikova, Jan Valenta, and Minoru
Fujii, "Single-Dot Spectroscopy of Boron and Phosphorus Codoped Silicon Quantum
dots", Journal of Applied Physics, Vol. 120, pp. 164307-1-6 (2016) DOI: 10.1063/1.4965986

3. A. Mazurak, R. Mroczynski, J. Jasinski, D. Tanous, B. Majkusiak, S. Kano, H. Sugimoto, M.
Fujii, J. Valent,"Technology and Characterization of MIS Structures with Co-Doped Silicon
Nanocrystals (Si-NCs) Embedded in Hafnium Oxide (HfOx) Ultra-Thin Layers",
Microelectronic ~ Engineering, Vol. 178, No. 25, pp. 298-303 (2017) DOL
10.1016/j.mee.2017.05.050

4. Tereza Belinova, Lucie Vrabcova, Iva Machova, Anna Fucikova, Jan Valenta, Hiroshi
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on Different Human Cells", Physica Status Solidi (b), 255, 1700597, pp. 1-5 (2018) DOI:
10.1002/pssb.201700597
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1. Masato Sasaki, Shinya Kano, Hiroshi Sugimoto, Kenji Imakita, and Minoru Fujii, "Surface
Structure and Current Transport Property of Boron and Phosphorous Co-doped Silicon
Nanocrystals", The Journal of Physical Chemistry C, Vol. 120, No. 1, pp. 195-200 (2016)
DOI: 10.1021/acs.jpce.5b05604

2. Yusuke Hori, Shinya Kano, Hiroshi Sugimoto, Kenji Imakita, and Minoru
Fujii, "Size-Dependence of Acceptor and Donor Levels of Boron and Phosphorus Codoped
Colloidal Silicon Nanocrystals", Nano Letters, Vol. 16, Issue 4, pp. 2615-2620 (2016) DOL:
10.1021/acs.nanolett.6b00225

3. Hiroshi Sugimoto, Kenji Imakita, and Minoru Fujii, "Silicon Nanocrystal-Noble Metal Hybrid
Nanoparticles", Nanoscale, Vol. 8, Issue 21, pp. 10956-10962 (2016) DOI:
10.1039/C6NRO1747A

4. Minoru Fujii, Hiroshi Sugimoto, and Kenji Imakita, "All-Inorganic Colloidal Silicon
Nanocrystals-Surface Modification by Boron and Phosphorus Co-Doping", Nanotechnology,
Vol. 27, Issue 26, pp. 262001-1-20 (2016) DOI: 10.1088/0957-4484/27/26/262001

5. Shinya Kano, Masato Sasaki, and Minoru Fujii, "Combined Analysis of Energy Band
Diagram and Equivalent Circuit on Nanocrystal Solid", Journal of Applied Physics, Vol. 119,
Issue 21, pp. 215304-1-6 (2016) DOI: 10.1063/1.4953216

6. Hiroshi Sugimoto, Shiho Yashima, Kenta Furuta, Asuka Inoue, and Minoru Fujii, "Probing
Purcell Enhancement in Plasmonic Nanoantennas by Broadband Luminescent Si Quantum
Dots", Applied Physics Letters, Vol. 108, pp. 241103-1-4 (2016) DOI: 10.1063/1.4953829

7. Asuka Inoue, Hiroshi Sugimoto, Hidenobu Yaku, and Minoru Fujii, "DNA Assembly of
Silicon Quantum Dots / Gold Nanoparticle Nanocomposites", RSC Advances, Vol. 6, pp.
63933-63939 (2016) DOI: 10.1039/C6RA13565]

8. Keita Nomoto, Hiroshi Sugimoto, Andrew Breen, Anna Ceguerra, Takashi Kanno, Simon
Ringer,Ivan Wurfl,Gavin Conibeer, and Minoru Fujii, "Atom Probe Tomography Analysis of
Boron and/or Phosphorus Distribution in Doped Silicon Nanocrystals", The Journal of
Physical Chemistry C, Vol. 120, pp. 17845-17852 (2016) DOI: 10.1021/acs.jpcc.6b06197



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SICORP #& 1753 (FRIFRRE)
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Minoru Fujii, "All-Inorganic Colloidal Silicon Nanocrystals" in "Silicon Nanophotonics -
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2017 Europe Materials Research Society Fall Meeting (Warsaw, September 18-21) Symposium
T “Silicon, Germanium, Diamond and Carbon nanostructures and their nanocomposites with
other materials”, Organizers: Jan Valenta, Minoru Fujii, Adam Gali, Milos Nesladek, Number
of submitted abstracts: 56

4. MELZHOER (FERER
(AR —F 1 7]
1.

2015 FF 11 A2 ¥v oA T7I—=T 47, MFKRY, ZMF : Jan Valenta, Marie
Hubalek-Kalbacova, Anna Fucikova, Lucie Ostrovska (Czech Republic), Minoru Fujii, Kenji
Imakita, Shinya Kano, Hui Lin, Hiroshi Sugimoto (Japan) , Adam Gali (Hungary), René Derian
(Slovakia), Robert Mroczynski (Poland)

2016 4= 5 H 2-6 H : Intermediate meeting, U —/L, E-MRS Spring meeting HIfij+) , =
JNZ : Jan Valenta, Anna Fucikova, Lucie Ostrovska (Czech Republic), Minoru Fujii, Hiroshi
Sugimoto, Takashi Kanno (Japan) , Robert Mroczynski, Andrzej Mazurak (Poland)



SICORP #& 1753 (FRIFRRE)

3. 2016 10 A 17-18 H : First annual meeting, 7 7 F AT/, T HXXRZ |,

ZJNF# : Jan Valenta, Marie Hubalek-Kalbacova, Anna Fucikova (Czech Republic), Minoru
Fujii (Japan), Adam Gali, Bélint Somogy, David Beke (Hungary), Ivan Stich,René Derian
(Slovakia), Andrzej Mazurak (Poland)

4. 2017 % 9 H 21 H :2nd annual meeting, Y /L3 ¥ U, ZJIF : Jan Valenta, Marie
Hubalek-Kalbacova, Anna Fucikova, Tereza Belinova (Czech Republic), Minoru Fujii, Hiroshi
Sugimoto (Japan), Balint Somogy, David Beke (Hungary), Ivan Stich,René Derian (Slovakia),
Robert Mroczynski , Andrzej Mazurak (Poland)

5. 2018 % 10 H 4-5 H : 3rd (final) annual meeting, 77 />, £/ : Jan Valenta, Marie
Hubalek-Kalbacova, Anna Fucikova, Ondiej Pavelka, Mikel Greben (Czech Republic), Minoru
Fujii, Hiroshi Sugimoto (Japan), Adam Gali, Balint Somogy, David Beke (Hungary), Ivan Stich
(Slovakia), Robert Mroczynski , Andrzej Mazurak (Poland) )

(7 - HEEOIRE, Al

. AAR->Fx=

(D Takashi Kanno (ph.D “#4:) April 6 - July 1%, 2016

@ Hiroshi Sugimoto (& THF7E#H) October 3-10, 2018
2. Fxa-HAK

® Jan Valenta November 15-22, 2017

@ Tereza Belinova (ph.D Z#4) November 15-22, 2017

® Ondfej Pavelka (ph.D “#45) November 15-22, 2017

® Ondfej Pavelka (ph.D “#45) October 29 — Nov. 11,2018
5. RrRFHiRE
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7. £
1. SPIE (The International Society for Optics and Photonics)?> Newsroom (23T, K71
=7 FORRDO—ERZFEIT,



