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戦略的国際共同研究プログラム(SICORP) 日本－イタリア・ハンガリー共同研究 
終了報告書 概要 

１．研究課題名：「半導体・金属複合ナノ構造のフェムト秒レーザーパルス照射によるプラ

ズモン増強テラヘルツ波発生（FemtoTera）」 
２．研究期間：2014 年 10 月～2017 年 3 月 
３．主な参加研究者名： 

日本側チーム 
 氏名 役職 所属 研究分担 

研究代表者 迫田和彰 上 席 研

究員 

物質・材料研究機構 試料設計 

主 た る 共 同

研究者 

黒田隆 グ ル ー

プ リ ー

ダー 

物質・材料研究機構 特性評価 

主 た る 共 同

研究者 

間野高明 主 幹 研

究員 

物質・材料研究機構 自己成長法の

考案 

研究期間中の全参加研究者数    3 名 

 

相手側チーム 

 氏名 役職 所属 研究分担 

研究代表者 Stefano Sanguinetti Professor University of Milano  
Bicocca 

試料創製と全

体の統括 

主 た る 共 同

研究者 

Akos Nemcsics Managing 
Researcher 

Hungarian Academy 
of Sciences 

キャラクタリ

ゼーション 

主 た る 共 同

研究者 

Caterina Vozzi Researcher Institute for Photonics
and Nanotechnologies 

THz波発生の解

析 

研究参加者 Cristian Manzoni Researcher Institute for Photonics
and Nanotechnologies 

THz波発生の解

析 

研究参加者 Lajos Toth Researcher Hungarian Academy 
of Sciences 

試料形状の高

分解能測定 

研究参加者 Bela Pecz Researcher Hungarian Academy 
of Sciences 

試料形状の高

分解能測定 

研究期間中の全参加研究者数   7 名 

 

 

４．共同研究の概要 

 テラヘルツ（THz）波は化学分析や生体イメージング，非破壊検査，保安検査など多

様な分野への応用が期待されている。本研究は，Λ 型の電子遷移を実現する量子ドット

分子（QDM）と Ga 液滴による金属微小球（MNP）の複合体を作製し，MNP による電

磁共鳴効果を利用することで，2 つの電子遷移の干渉による THz 波の高効率発生を目

的とする。 
 

５．共同研究の成果 

５－１ 共同研究の学術成果 

 この目的のために，申請者らが開発してきた液滴エピタキシー法による QDM と Ga
液滴の作製条件を最適化することで，QDM の 2 つの QD の中央に MNP を作製するこ

とに成功した。顕微 PL（フォトルミネッセンス）法で QDM の発光スペクトルを観測
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して，THz 領域のエネルギー差をもつ複数の電子遷移の存在を確認した。また，時間

分解反射率測定で，QDM と MNP 間の強い相互作用も確認できた。 
 

５－２ 国際連携による相乗効果 

 試料設計，試料作製，形態観察，顕微分光について分担して研究を進めることで，

短期間で所期の試料作製に成功した。 

 

５－３ 共同研究成果から期待される波及効果 

 今回の共同研究を通じて，従来，半導体ナノ構造の創製にだけ適用可能であった液

滴エピタキシー法が，半導体・金属複合ナノ構造の創製にも拡張できた。特に，複合

構造を最適化する作製条件を見出したことは，将来の発展につながる成果である。 
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Strategic International Collaborative Research Program (SICORP) 

Japan－Italy, Hungary Joint Research Program 
Executive Summary of Final Report 

 
１．Project Title：「Plasmon-enhanced Tera-Hertz emission by Femtosecond laser pulses of 

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 

PI Kazuaki Sakoda Managing 
Researcher 

National Institute for 
Materials Science 

Sample design 

Co-PI Takashi Kuroda Group  
Leader 

National Institute for 
Materials Science 

Characterization 

Co-PI Takaaki Mano Principal  
Researcher 

National Institute for 
Materials Science 

Self-assembly 

Total number of participating researchers in the project:   3 
 
Partner-side（up to 6 people including Principal Investigator） 

 Name Title Affiliation Role 
PI Stefano  

Sanguinetti 
Professor University of Milano 

Bicocca 
Sample fabrication 

Co-PI Akos Nemcsics Managing  
Researcher 

Hungarian Academy 
of Sciences 

Characterization 

Co-PI Caterina Vozzi Researcher Institute of Photonics
and Nanotechnologies 

THz generation 

Collaborator Cristian  
Manzoni 

Researcher Institute of Photonics
and Nanotechnologies 

THz generation 

Collaborator Lajos Toth Researcher Hungarian Academy 
of Sciences 

High-resolution  
measurements 

Collaborator Bela Pecz Researcher Hungarian Academy 
of Sciences 

High-resolution  
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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別紙２_共同研究における研究成果リスト（迫田・Sanguinetti・Nemcsics 課題） 
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 ２．学会発表 
[1] 【招待講演】Kazuaki Sakoda, "Photonics research activity at NIMS", Nano Korea 2015, 

COEX, Seoul, 2015/7/1 
[2] 間野高明，「GaAs(111)A 基板上の高対称性量子ドット LED の作製」，GaAs(111)A 基板

上の高対称性量子ドット LED の作製」，名古屋国際会議場，2015/09/13 
[3] 【招待講演】間野高明，「(111)A 基板上の格子不整合系エピタキシーの諸現象：ドット

形成と歪み緩和の理解と制御にむけて」，第１１回量子ナノ材料セミナー ，電気通信

大学（調布），2015/12/08 
[4] Takashi Kuroda, 「Robustness characterization of entangled-photon emitters based on 
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(QD2016), Jeju Ramada Plaza Hotel, Korea, 2016/5/22 

[5] 黒田隆，「量子ドットもつれ光子源の安定性について 」，第 77 回応用物理学会秋季学

術講演会，朱鷺メッセ，新潟，2016/9/13 
[6] 間野高明，「InGaAs/InAs/GaAs(111)A 成長時の格子緩和機構」，第 77 回応用物理学会
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 ３．ワークショップ・セミナー・シンポジウム等の開催 
[1] 2014 年 12 月 11 日，ミラノ・ビコッカ大学 物質科学科主催，「FemtoTera Kick Off 

Meeting」，ミラノ・ビコッカ大学（イタリア，コモ） 
[2] 2015 年 11 月 5 日，物質・材料研究機構 先端フォトニクス材料ユニット主催，「第 106

回 APM セミナー」，物質・材料研究機構（つくば） 
[3] 2016 年 9 月 29 日～2016 年 9 月 30 日，ハンガリー科学アカデミー 応用物理・物質科

学研究所主催，「FemtoTera Workshop」，オーブダ大学（ハンガリー，ブダペスト） 
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ビコッカ大学（イタリア，コモ），キックオフミーティング参加と研究所見学 
[2] 2014 年 12 月 10 日～2014 年 12 月 14 日，黒田隆（物質・材料研究機構），ミラノ・ビ

コッカ大学（イタリア，コモ），キックオフミーティング参加と研究所見学 
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学），物質・材料研究機構（つくば），研究打合せ 
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学（ハンガリー，ブダペスト），ワークショップ参加 
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     無し 
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     無し 
 
 
 ７．その他 
     無し 


