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

1. Project title : Efficient Silicon Photonic Devices Using Advanced Electro-Optic Polymers |
2. Research period : 10/2018 ~ 03/2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Shiyoshi Professor Kyushu University Overall
Yokoyama research
summary
Co-PI Masaaki Ozawa | General Nissan Chemical, Industry
Manager LTD research
summary
Collaborator | Allissa Bannaron | Researcher | Kyushu University Material
research
Collaborator Hiromu Sato Researcher | Kyushu University Device
research
Collaborator | Juro Oshima Researcher | Nissan Chemical, Material
LTD research
Collaborator | Tsubasa Researcher | Nissan Chemical, Material
Kashino LTD research
Total number of participants throughout the research period: 24
Partner-side
Name Title Affiliation Role in the
research
project
Pl Christian Koos Professor | Karlsruhe Institute of | Overall
Technology research
summary
Co-PI Alois Hauk CEO Vanguard Overall
Automation GmbH industry
summary
Collaborator Yasar Scientific | Karlsruhe Institute of | Device
Kutuvantavida staff Technology research
Collaborator Clemens Scientific | Karlsruhe Institute of | Device
Kieninger staff Technology research
Collaborator Heiner Zwickel Scientific | Karlsruhe Institute of | Device
staff Technology research
Collaborator | Adrian Mertens Scientific | Karlsruhe Institute of | Device
staff Technology research
Total number of participants throughout the research period: 11

4. Summary of the international joint research
With the recent convenience of communication technologies in 5G and 10T, and future
Beyond 5G technologies, optoelectronics technologies have been actively promoting the
development of high-performance data transmission and its integration into silicon
platforms. This international collaboration aimed to develop the ultra-fast optical
modulation technology using the hybrid electro-optical polymers to silicon optical devices.
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with excellent integration, making it compact and compact. The purpose is to
demonstrate the high-efficient optical modulation with the minimum electric power and
address technical issues such as device reliability, optical connecting, and packaging.
We joined as an international industry-academia collaboration team to perform the
industry reliable optical devices. For this purpose, Japanese and German teams worked
together to promote practical issues such as device reliability and device integration
based on the various technological backgrounds of materials and devices.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research
In the development of high-efficiency silicon optical devices aimed at in this research,

we have developed highly efficient silicon-organic-hybrid polymer modulators based on
the material concept of the Japanese team and the device concept of the German team.
The modulators are characterized by the wide bandwidth and low voltage driving. We
were able to demonstrate the modulations with the small voltage operation and ultra-low
power consumption. The obtained modulators are explored into further development of
optical integration with a small footprint. From the viewpoints of the industry development,
an innovative material and device technology toward optical transceivers is required in
the current state-of-the-art optical fiber communication technology. The academic results
obtained were developed together with the Japanese and German sides and were able
to be obtained due to the advantage of industry-academia collaboration.

5-2 Synergistic effects of the joint research

This international joint research is planned and implemented by combing the material
concept owned by the Japanese team and the device concept owned by the German
team. The target of the research is to develop of the high-performance and high-reliable
Si and polymer hybrid optical modulator. As a result, we were able to achieve device
performance and device reliability that were difficult to reach with a single team. Behind
the collaboration we performed mutual interactions between researchers and graduate
students, joint team meetings, holding workshops utilizing international conferences,
degree examinations for doctoral graduate students, and lively research discussions
utilizing web conferences.

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

The results of this joint research have a high ripple effect in the communication
technologies such as 5G and IoT, or Beyond 5G. The practical application of polymer
modulators is widely desired by the industrial side. The Japanese team has expanded to
practical development in collaboration with the device team. The German team launched
a venture company and started research on the practical application of modulator chips.
We will continue to cooperate and promote research and development. Many graduate
students also participated in this international research with a high educational effect,
which led to the development of human resources for young researchers. Activities
include conducting long-term internships, publishing co-authored dissertations, and
degree exams.
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1. A verified equivalent-circuit model for slotwaveguide modulators, Heiner Zwickel,
Stefan Singer, Clemens Kinnger, Yasar Kutuvantavida, Nark Muradyan, Thorsten
Wabhlbrink, Shiyoshi Yokoyama, Sebastian Randel, Wolfgang Freude, and Christian
Koos, Optics Express, 28, 12951-12978 (2020), DOI: 10.1364/0OE.383120

2. Demonstration of long-term thermally stable Silicon-Organic Hybrid Modulators at
85 °C, Clemens Kieninger, Yasar Kutuvantavida, Hiroki Miura, Juned N. Kemal,
Heiner Zwickel, Feng Qiu, Matthias Lauermann, Wolfgang Freude, Sebastian
Randel, Shiyoshi Yokoyama, and Christian Koos Optics Express 26, pp.
27955-27964 (2018), DOI: 10.1364/0E.26.027955
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1. Efficient Silicon and Side-cladding Waveguide Modulator with Electro-optic Polymer,
Jiawei Mao, Hiromu Sato, Alisa Bannaron, Jianxun Hong, Guo-Wei Lu, and
Shiyoshi Yokoyama, Optics Express 30 (2) pp. 1885-1895 (2022), DOI:
10.1364/0OE.447616

2. A 100 Gbaud On-off-keying Silicon-Polymer Hybrid Modulator Operating at up to
110°C, Hiromu Sato, Jiawei Mao, Alisa Bannaron, and Takuro Kamiya, Guo-Wei Lu,
and Shiyoshi Yokoyama, IEEE Photonics Technology Letters 33 (24) pp. 1507-1510
(2021) , DOI: 10.1109/LPT.2021.3126945

3. Frequency correlated photon generation at telecom band using silicon nitride ring
cavities, Zhenghao Yin, Kenta Sugiura, Hideaki Takashima, Ryo Okamoto, Feng
Qiu, Shiyoshi Yokoyama, and Shigeki Takeuchi, Optics Express 29 (4) pp.
4821-4829 (2021) , DOI: 10.1364/0OE.416165

4. Power-Efficient O-Band 40 Gbit/s PAM4 Transmitter Based on Dual-Drive
Cascaded Carrier-Depletion and Carrier-Injection Silicon Mach-Zehnder Modulator
With Binary Driving Electronics at CMOS Voltages, Guo-Wei Lu, Hong-Bo Zhang,
Satoshi Shinada, Jianxun Hong, Yongpeng Cheng, and Shiyoshi Yokoyama, IEEE
Journal of Selected Topics in Quantum Electronics, 27 (3), 1-8 (2021) ,
DOI:10.1109/JSTQE.2021.3056721

5. High-temperature-resistant silicon-polymer hybrid modulator operating at up to 200
Gbit s—1 for energy-efficient datacentres and harsh-environment applications,
Guo-Wei Lu, Jianxun Hong, Feng Qiu, Andrew M. Spring, Tsubasa Kashino, Juro
Oshima, Masa-aki Ozawa, Hideyuki Nawata, and Shiyoshi Yokoyama, Nature
Communications, 11, 4224 1-7 (2020). DOI: 10.1038/s41467-020-18005-7

6. A high efficiency silicon nitride waveguide grating coupler with multilayer bottom
reflector, Jianxun Hong, Andrew M. Spring, Feng Qiu, and Shiyoshi Yokoyama,
Scientific Reports 9, 12988 (2019). DOI: 10.1038/s41598-019-49324-5

7. Adamantyl and carbazole containing trans-poly(norbornene-dicarboximide)s as
electro-optic chromophore hosts, Andrew M. Spring, Feng Qiu, Jianxun Hong, Alisa
Bannaron, Xiaoyang Cheng, and Shiyoshi Yokoyama, Polymer 172, 382-390 (2019),
DOI: 10.1016/j.polymer.2019.04.015

8. Camera sensor platform for high speed video data transmission using a wideband
electro-optic polymer modulator, Xiaoyang Cheng, Feng Qiu, ' Andrew M. Spring,
Masaru Sasaki, Tsubasa Kashino, Masaaki Ozawa, Hideyuki Nawata, Tomohiro
Kita, Okihiro sugihara, and Shiyoshi Yokoyama, Optics Express 27, 1877-1883
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1. “Future Photonics Devices and Materials for Optical Communications” Optical Fiber
Communications Conference (OFC 2019), San Diego, USA, 2019.3.2
2. “Optical Components for fJ/bit Exascale Computing: How and When?” Workshop
Optical Fiber Communications Conference (OFC 2020) San Diego, USA, 2020.3.8
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