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

1. Project title : [Miniaturized full-organic spectroscopic NIR-OLED-sensor-systems |
2. Research period : October 2020 ~ March 2024
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Junji Kido Prof. Yamagata University Principal
Dr. Investigator
Co-PI Keisuke Takeda Ito Electronic Co., Ltd. | Electronic
circuit design
Co-PI Takeshi Sano Prof. Yamagata University NIR OLED
Dr. device design
Collaborator | Hisahiro Sasabe Prof. Yamagata University NIR OLED
Dr. materials
Collaborator | Yutaka Okuyama Yamagata University NIR OLED
modules
Collaborator | Takanori Yamagata University NIR OLED
Hanayama device
fabrication

Total number of participants throughout the research period: 10

Partner-side

Name Title Affiliation Role in the
research project
Pl Karl Leo Prof. Technische Universitat | Principal
Dr. Dresden Investigator
Co-PI Cristian Kérner Dr. Senorics NIR sensor &
system
development
Co-PI Johannes Benduhn | Dr. Technische Universitat | NIR sensor
Dresden materials &
physics

Total number of participants throughout the research period: 6

4. Summary of the international joint research

The "Japan-Germany Strategic International Collaborative Research Program”, in which
Yamagata University and Ito Electronic Co., Ltd. participated on the Japanese side, and
Technische Universitat Dresden and Senorics on the German side, and the Organic
Electronics Saxony, a coordinating body, participated, was a joint research project between
Japan and Germany. In the field of optics and photonics, especially in the consumer
application of near-infrared light, which is the latest social need, universities and companies
from both Japan and Germany (2+2) brought together their strengths in technology and
conducted development in a mutually complementary and co-creative manner. The goal of
the development was to realize a compact all-organic near-infrared light-emitting and
spectroscopic sensor system that will enable innovative applications by making
conventional near-infrared light source and spectroscopic devices much smaller and lighter
and expanding the detection wavelength range. The research goals are;

- Realization of an organic near-infrared light emitting light source (Japan)
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- Realization of a compact near-infrared spectroscopic sensor (Germany)

- Realization of a measurement system integrating them (both sides)

On the Japanese side, the development of near-infrared OLEDs, which are superior to
conventional halogen lamps in many aspects such as size, power consumption, lifetime,
heat generation, and light intensity stability, was carried out, and near-infrared OLED
devices with both practical high-efficiency and extremely long lifetime were realized for the
first time. In addition, a demonstration panel of the NIR OLED technology was created and
first exhibited at the international exhibition.

The German side developed materials and devices for organic near-infrared
spectroscopic sensors in which multiple pixels formed on a single substrate respond to
near-infrared light of different wavelengths.

Finally, the world's first all-organic near-infrared light-emitting and spectroscopic sensor
system was created by combining the organic near-infrared OLED device developed in
Japan and the organic near-infrared spectroscopic sensor developed in Germany, and a
technical demonstration to analyze alcohol concentration in liquids, for example, was
realized and its function was demonstrated.

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

As a solid-state emitting light source, we have succeeded in improving the performance
of near-infrared OLEDs to a level where they can be put to practical use and demonstrated
their applicability as a light source for near-infrared spectroscopic sensors. Specifically, the
Japanese side achieved a significant increase in efficiency (maximum external quantum
efficiency: 10%) and long life (100,000 hours), which are the guidelines for practical use of
near-infrared OLED. The German side developed an organic near-infrared spectroscopic
sensor that uses organic materials in the active layer and incorporates wavelength
selectivity in the near-infrared region. We integrated it with the near-infrared OLED
developed by the Japanese team to achieve a technology demonstration in cooperation
between Japan and Germany.

5-2 Synergistic effects of the joint research

In this international joint research, we brought together the near-infrared OLED
developed by the Japanese team and the organic near-infrared spectroscopic sensor
developed by the German team. We integrated them to realize an unprecedented "compact
all-organic near-infrared light-emitting and spectroscopic sensor system". Through close
joint meetings, joint experiments, and other collaborations, the technical requirements were
mutually clarified and upgraded, and the academic and technological development content
was synergistically enhanced. As a result, the first demonstration of near-infrared OLED
panel operation at an international exhibition in Germany and a technical demonstration of
near-infrared spectroscopic sensing through collaboration between Japan and Germany
were realized.

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

The results of this international collaborative research will continue to be developed for
commercialization or practical use in Japan and Germany, respectively. The Japanese side
has reported about the first near-infrared OLED demonstration in papers and exhibitions,
which have been covered by media. Development will continue for the possible applications
including food sensors and material sensors used in material recycling, etc.

Saxony in Germany and Yamagata University have worked to maintain a cooperative
relationship by holding an annual Germany-Japan Joint Workshop for 12 years, aiming for
region-to-region cluster cooperation. The exchange has been realized at the level of
researchers from industry and academia. This has strengthened the collaboration to a level
where further personnel exchange, international academic exchange, and joint development.
We plan to continue to conduct activities such as joint workshops, academic collaboration,
and involvement of companies in the future.
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