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2020 Summary
�Ô�Ò�Ô�Ò���8�ì�–���������^���ì�����=�Ü�	�«�S�¢���É���ì�Ž���/�g�Ž�����Â���Ž�É�g�^����
�ì�^�����¢�8�����F�S�ì�1�–�8�=�Š���/�g�Ž���ž�8�g�¢�g�^�=�	�–���¢���–���ì�Ž�	�8��
�8�ì�–���ì�S�–�g���������^���ì�Û���	�¢���������Ý���¢�����Ž���[�ì�Ž�P�ì���S�É����
�¢�8�����–�¢�Ž�g�^�1���=�^�Â�g�S�Â���[���^�¢���ì�^�����	�g�[�[�=�¢�[���^�¢���g�/��
�ì�S�S���Ž���–���ì�Ž�	�8���Ž�–���8�ì�–���ì�S�S�g�Ã�������¢�8�����F�S�ì�1�–�8�=�Š���¢�g��
�ì�	�8�=���Â�����–�=�1�^�=�à�	�ì�^�¢���Š�Ž�g�1�Ž���–�–���=�^���=�¢�–���g���M���	�¢�=�Â���–��

In the following pages, looking back at 2020 you 
will see that, despite the constraints imposed by the 
pandemic, it has been a very active year on many 
fronts. We have of course continued the various 
actions that were initiated in 2019, but we have also 
launched new initiatives in order to increase our 
�Â�=�–�=���=�S�=�¢�É���ì�^�����=�[�Š�ì�	�¢�����F�Ž�g�[���ì���–�	�=���^�¢�=�à�	���Š���Ž�–�Š���	�¢�=�Â������
we have implemented a research roadmap to 
�[�ì�¢���Ž�=�ì�S�=�Ó�������g�¢�8���g�«�Ž���–�Š���	�=�à�	���g���M���	�¢�=�Â���–���ì�^�����S�g�^�1�6
term research vision. A national survey was also 
sent out to all academic researchers involved 
�=�^���ž�8�g�¢�g�^�=�	�–���=�^���g�Ž�����Ž���¢�g���[�ì�Š���g�«�¢���¢�8�������=�Û���Ž���^�¢��
research areas and future needs of the research 
ecosystem. One of the main outcomes of the survey 
was the overall positive impact of PREIN on the 
national ecosystem with a pivotal role in enhancing 
�Ž���–���ì�Ž�	�8���	�g�g�Š���Ž�ì�¢�=�g�^�������¢�Ã�����^�����=�Û���Ž���^�¢�����^�¢�=�¢�=���–����
An external evaluation of our impact was also 
conducted allowing us to identify our strengths and 
weaknesses on one hand and to improve our work 
�ì�^�����	�g�[�[�«�^�=�	�ì�¢�=�g�^�����Ü�	�=���^�	�É�����É���=�[�Š�S���[���^�¢�=�^�1���¢�8����
recommended actions on the other hand.

There is also good news from the funding side! 
Indeed, the Flagship is a status of excellence which 
should be used as leverage for external funding. 
Several PREIN researchers were successful in highly 
competitive national and European calls, with 
�–���Â���Ž�ì�S���Š�Ž�g�M���	�¢�–���/�«�^���������ì�–���	�g�^�–�g�Ž�¢�=�ì�������¢�Ã�����^���ž�¢�/�T�r��
partners. It is also worth highlighting that more than 
�¢���^���ž�¢�/�T�r�6�Ž���S�ì�¢�������Š�Ž�g�M���	�¢�–���8�ì�Â�����Ž���	���=�Â���������«�–�=�^���–�–��
Finland R2B funding and that two new startups were 
�–�Š�«�^���g�Û���/�Ž�g�[���¢�8�����ž�¢�/�T�r���Š�ì�Ž�¢�^���Ž�–�����·�8���–�����ì�Ž�����	�S���ì�Ž��
evidence of our innovation capacity. As our activities 
ramp up, we can be hopeful that this trend will 
continue and even increase in the coming years. 

���^�g�¢�8���Ž���–�=�1�^�=�à�	�ì�^�¢���ì�	�8�=���Â���[���^�¢���g�/���¢�8�����F�S�ì�1�–�8�=�Š���=�^��
2020 is the roadmap research infrastructure status 
that was granted to Photonics by the Academy of 
Finland for the years 2021–2024. The roadmap for 
national research infrastructures in Finland is a list 
�g�/���–�¢�Ž�ì�¢���1�=�	�ì�S�S�É���–�=�1�^�=�à�	�ì�^�¢���Ž���–���ì�Ž�	�8���=�^�/�Ž�ì�–�¢�Ž�«�	�¢�«�Ž����
services needed over the next decade in the Finnish 
research and innovation system. In the past 20 
�É���ì�Ž�–�����¢�8���Ž�����8�ì�Â�����������^���–�=�1�^�=�à�	�ì�^�¢���=�^�Â���–�¢�[���^�¢�–�����É��

PREIN research institutions to develop photonics 
research. These investments include fabrication, 
characterization, and integration capabilities which 
have been central in establishing PREIN partners as 
key players at the international level. We can then 
anticipate that the establishment of FinnLight, an 
�g�Š���^�6�ì�	�	���–�–���	�g�g�Ž���=�^�ì�¢�������=�^�/�Ž�ì�–�¢�Ž�«�	�¢�«�Ž�����^���¢�Ã�g�Ž�P�����É��
�¢�8�����ž�¢�/�T�r���Š�ì�Ž�¢�^���Ž�–���g�Û���Ž�=�^�1���ì���Ã�=�������Ž�ì�^�1�����g�/���–���Ž�Â�=�	���–��
both to researchers and companies, will enhance 
�–�=�1�^�=�à�	�ì�^�¢�S�É���¢�8�����	�ì�Š�ì���=�S�=�¢�=���–���^�������������ì�	�Ž�g�–�–���¢�8����
���^�¢�=�Ž�����ž�8�g�¢�g�^�=�	�–���=�^�^�g�Â�ì�¢�=�g�^���Â�ì�S�«�����	�8�ì�=�^���ì�^�����/�«�S�à�S�S��
current and future needs of the Finnish photonics 
ecosystem. 

Our partnership with Photonics Finland, the 
industry driven platform that develops new 
���«�–�=�^���–�–���g�Š�Š�g�Ž�¢�«�^�=�¢�=���–���/�g�Ž���¢�8�����F�=�^�^�=�–�8���Š�8�g�¢�g�^�=�	�–�6
related companies, has taken a new turn, with the 
�=�[�Š�S���[���^�¢�ì�¢�=�g�^���g�/���ì���M�g�=�^�¢���O�¢���Š�S�ì�¢�/�g�Ž�[���¢�g���/�ì�	�=�S�=�¢�ì�¢����
�	�g�^�¢�ì�	�¢�������¢�Ã�����^�����[�Š�S�g�É���Ž�–���ì�^�����M�g�����–�����P���Ž�–���=�^��
Photonics. We have also continued to organize a 
�–���Ž�=���–���g�/���M�g�=�^�¢���¢�8���[�ì�¢�=�	�����Â���^�¢�–���¢�g���–�¢�Ž���^�1�¢�8���^���¢�8�����S�=�^�P��
between our research community and the industrial 
sector. 

On the educational front, several initiatives have 
been launched. In the successful Photonics Explorer 
Kit outreach campaign, aimed towards lower and 
�«�Š�Š���Ž���–���	�g�^���ì�Ž�É���–�	�8�g�g�S�–���������«�	�ì�¢�=�g�^�ì�S���P�=�¢�–���/�g�Ž���S�=�1�8�¢�6
based physics have been distributed to schools all 
�g�Â���Ž���¢�8�����	�g�«�^�¢�Ž�É���������M�g�=�^�¢���Š�=�S�g�¢���	�g�«�Ž�–���������¢�Ã�����^���ž�¢�/�T�r��
�Š�ì�Ž�¢�^���Ž�–���g�^���g�Š�¢�=�	�ì�S�������–�=�1�^�����ì���¢�g�Š�=�	���g�/���[�ì�M�g�Ž���=�^�¢���Ž���–�¢��
for industry, is under development and should be 
available to all students of the Flagship partner 
�«�^�=�Â���Ž�–�=�¢�=���–���^���È�¢���É���ì�Ž�����·�8�=�–���M�g�=�^�¢���	�g�«�Ž�–�����=�–���¢�8�����à�Ž�–�¢��
step towards a long series of collaboration for a 
better education in Photonics.

�{�«�Ž���Š���Ž�/�g�Ž�[�ì�^�	�����=�–���Ž���á���	�¢���������É���¢�8�����1�g�g�����S���Â���S��
of our key performance indicators, with a large 
�^�«�[�����Ž���g�/���8�=�1�8�6�S���Â���S���Š�«���S�=�	�ì�¢�=�g�^�–�����ì���S�ì�Ž�1�����ì�[�g�«�^�¢��
of references to our work, and a growing number of 
�M�g�=�^�¢���Ž���–���ì�Ž�	�8���Š�Ž�g�M���	�¢�–����

We wish to sincerely acknowledge all of you for 
your commitment and dedication during those 
���=�Ü�	�«�S�¢���¢�=�[���–�����F�ì�	�=�^�1���	�8�ì�S�S���^�1���–���Ã�=�¢�8���–�¢�Ž���^�1�¢�8����
�����¢���Ž�[�=�^�ì�¢�=�g�^���ì�^�����	�g�^�à�����^�	�����=�–���Ã�8�ì�¢���[�ì�¢�¢���Ž�–�����ì�^����
there is clear evidence in the following pages that 
you have done it. With this initial success will come 
greater opportunities and challenges, and we believe 
that we will all face it with the same enthusiasm as 
we have had so far.
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�T�^�����Ž�=���/���6���·�8�����F�S�ì�1�–�8�=�Š�� 
�/�g�Ž���ž�8�g�¢�g�^�=�	�–���¢���–���ì�Ž�	�8���ì�^����
�T�^�^�g�Â�ì�¢�=�g�^���*�ž�¢�/�T�r�+
The Flagship for Photonics Research and Innovation (PREIN) is one of the 
�–�=�È���á�ì�1�–�8�=�Š�–���–���S���	�¢�������=�^���¢�8�������	�ì�����[�É���g�/���F�=�^�S�ì�^�����á�ì�1�–�8�=�Š���Š�Ž�g�1�Ž�ì�[�[����
in 2019. In 2020, the Academy of Finland selected four additional 
�á�ì�1�–�8�=�Š�–�����·�8�����ì�=�[���g�/���¢�8�����F�S�ì�1�–�8�=�Š���ž�Ž�g�1�Ž�ì�[�[�����=�–���¢�g���–�«�Š�Š�g�Ž�¢���8�=�1�8�6�•�«�ì�S�=�¢�É��
�Ž���–���ì�Ž�	�8�����	�Ž���ì�¢�����/�«�¢�«�Ž�����P�^�g�Ã�6�8�g�Ã���/�g�Ž���–�=�1�^�=�à�	�ì�^�¢���–�g�	�=���¢�ì�S���ì�^�������	�g�^�g�[�=�	��
�=�[�Š�ì�	�¢�����·�8�����F�=�^�^�=�–�8���F�S�ì�1�–�8�=�Š�–�������^���à�¢���/�Ž�g�[���¢�8�����–�¢�Ž�g�^�1���	�g�[�[�=�¢�[���^�¢��
of their host organizations, closely cooperate with the business and 
industrial sectors to promote economic growth and interact with the 
public actors to develop sustainable solutions to societal challenges.  

�ž�¢�/�T�r���=�–���ì���Ž���–���ì�Ž�	�8���ì�^�����=�^�^�g�Â�ì�¢�=�g�^���Š�S�ì�¢�/�g�Ž�[���/�g�	�«�–�=�^�1���g�^���S�=�1�8�¢�6���ì�–������
solutions covering the entire innovation value chain from fundamenta l 
and applied research to prototype and technology development, 
�=�^���«�–�¢�Ž�=�ì�S���	�g�S�S�ì���g�Ž�ì�¢�=�g�^���ì�^�����–�¢�ì�Ž�¢�6�«�Š�–�����ž�¢�/�T�r���=�–���ì���^�ì�¢�=�g�^�ì�S���=�^�=�¢�=�ì�¢�=�Â����
between four partners:

 �y Tampere University (TAU)

 �y University of Eastern Finland (UEF)

 �y Aalto University (Aalto)

 �y VTT Technical Research Centre of Finland (VTT) 

�ž�¢�/�T�r���8�ì�–���–���¢���–�	�=���^�¢�=�à�	�����–�g�	�=���¢�ì�S���ì�^���������«�	�ì�¢�=�g�^�ì�S���=�[�Š�ì�	�¢���g���M���	�¢�=�Â���–����
�ž�¢�/�T�r���=�–���	�g�[�[�=�¢�¢�������¢�g�������Â���S�g�Š���8�=�1�8�6�	�S�ì�–�–�������«�	�ì�¢�=�g�^���ì�^�����Ž���–���ì�Ž�	�8��
���^�Â�=�Ž�g�^�[���^�¢�–�����–�¢�ì�¢���6�g�/�6�¢�8���6�ì�Ž�¢���g�Š���^�6�ì�	�	���–�–���=�^�/�Ž�ì�–�¢�Ž�«�	�¢�«�Ž�������ì�–���Ã���S�S���ì�–��
promote innovation culture and diversity.



5

�ž�¢�/�T�r���–�¢�Ž�«�	�¢�«�Ž�����Ô�Ò�Ô�Ò
In 2020, the structure of the PREIN management has been slightly adapted acc ording 
to needs (Fig. 1), and there have been some changes in responsible persons as 
�	�g�[�Š�ì�Ž�������¢�g���¢�8�����à�Ž�–�¢���É���ì�Ž���g�/���¢�8�����á�ì�1�–�8�=�Š���ì�	�¢�=�Â�=�¢�=���–�����·�8�����	�g�g�Š���Ž�ì�¢�=�g�^���ì�^�����–�8�ì�Ž������
�¢�8���[���–�������¢�Ã�����^���¢�8�������=�Û���Ž���^�¢���Ã�g�Ž�P���Š�ì�	�P�ì�1���–���8�ì�Â�����������^�����^�8�ì�^�	���������Ã�8�=�S�����–�g�[�����×�ž��
leadership roles have been interchanged.

Regular meetings of the important bodies, Steering Committee, Managemen t Group 
and support teams have continued, although meetings in partner location s have been 
�	�8�ì�^�1�������=�^�¢�g���g�^�6�S�=�^�����[�����¢�=�^�1�–���–�=�^�	�����o�ì�Ž�	�8���Ô�Ò�Ô�Ò��

�ª�!�T�/�r�·�T�F�T�!�����(�Ö�T�ª�{�¢�Ý��
���{���¢�(

���{���¢�(���{�F��
�ª�·���e�/�O�{�g�(�/�¢�ª

�!�{�o�o�¿�r�T�!���·�T�{�r���·�/���o

�!�g�[�[�«�^�=�	�ì�¢�=�g�^�–�� 
�Ž���Š�Ž���–���^�¢�ì�¢�=�Â���–

�{�¿�·�¢�/���!�O���·�/���o

�c�«�^�=�Â���Ž�–�=�¢�É���*�·���¿ �+
���ì�S�¢�g���c�«�^�=�g�Ž���*���ì�S�¢�g�+

�g�«�[�ì���/�ì�–�¢���Ž�^���F�=�^�S�ì�^�����*�¿�/�F�+

�T�r�r�{�Ö���·�T�{�r���·�/���o

�¢���–���ì�Ž�	�8���ì�^�����=�^�^�g�Â�ì�¢�=�g�^�� 
�–���Ž�Â�=�	���–���Ž���Š�Ž���–���^�¢�ì�¢�=�Â���–

�ª�·�/�/�¢�T�r�H���!�{�o�o�T�·�·�/�/

Aalto  
�o�ì�¢�¢�=���e�ì�=�Â�g�S�ì 
�c�É�Ž�=���O�û�[�û�S�û�=�^���^

TAU  
�c�É�Ž�P�=���Ö�«�g�Ž�=�^���^�� 
�c�É�Ž�P�=���o�û�P���S�û

UEF 
�·�ì�Š�=�g���o�û�û�¢�¢�û�� 
�c�«�P�P�ì���c�«�Ž�Â���S�=�^

VTT 
�c�«�–�–�=���O�=�S�¢�«�^���^�� 
�o�=�P�P�g���o���Ž�=�[�ì�ì

�o���r���H�/�o�/�r�·���H�¢�{�¿�ž

�H�g�#�Ž�É���H���^�¢�É  
Director (TAU)

�c�É�Ž�P�=���ª�ì�ì�Ž�=�^���^  
�Ö�=�	���6�(�=�Ž���	�¢�g�Ž���*�¿�/�F�+

�c�«�8�ì���ž�«�Ž�[�g�^���^  
Impact Manager  
(UEF)

�·���ì���Ö���S�S�ì�[�g 
Admin/Outreach/  
Edu. (TAU)

�O�ì�^�^�ì���e�=�Â�=�–�ì�ì�Ž�=��
Admin/Finances  
(TAU)

�×�ž�Ó 
Light Field Control

�×�ž�Ô  
Materials and 
Structures

�×�ž�Õ 
Advanced Light 
Sources

�×�ž�Ö 
Applied Research

�×�ž�× 
Development and 
Transfer

�·���Ž�g���ª���¢�û�S�û��(UEF) 
�·�=�[�g�����ì�S�¢�g (VTT)

�ç�8�=�Š���=���ª�«�^ (Aalto)  
�O�«�[���É�Ž�ì���!�ì�1�S�ì�É�ì�^  
(TAU)

�o�=�Ž�	���ì���H�«�=�^�ì (TAU) 
�H�«�=�S�S�ì�«�[�����H���^�g�«�� 
(VTT)

�c�«�8�ì���·�g�=�Â�g�^���^ (TAU) 
�O���S�����ª�ì�Â�=�^ (Aalto)

�o�ì�Ž�=�ì�^�^�����O�=�S�¢�«�^���^ 
(VTT) 
�o�ì�¢�¢�8�=���«���¢�g�«�–�–���É (UEF)
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�{�Ž�1�ì�^�=�Ó�ì�¢�=�g�^
PREIN is led by Professor Goëry Genty from Tampere 
University who is responsible for the overall 
�[�ì�^�ì�1���[���^�¢���g�/���ž�¢�/�T�r�����·�8�����Ö�=�	���6�(�=�Ž���	�¢�g�Ž���ž�Ž�g�/���–�–�g�Ž��
Jyrki Saarinen from the University of Eastern 
Finland is responsible for the activities related to 
economic growth and other societal impact. 

The basic research activities of PREIN are organized 
into works packages (WPs). In addition, applied 
research and technology transfer have their own 
dedicated work packages. Each WP is led by a 
�S���ì�����Ž���ì�^�����ì���Â�=�	���6�S���ì�����Ž���Ã�8�g���ì�Ž�����Ž���–�Š�g�^�–�=���S�����/�g�Ž��
�¢�8�����×�ž���[�ì�^�ì�1���[���^�¢���ì�^�����–�	�=���^�¢�=�à�	���Š�Ž�g�1�Ž���–�–�����·�8����
�Ž���–�Š�g�^�–�=���=�S�=�¢�=���–���ì�Ž�������•�«�ì�S�S�É�����=�Â�=���������ì�[�g�^�1���¢�8����
partner organizations.

The PREIN Management Group consists of the 
directors, work package leaders and vice leaders, 
the administrative coordinators, and the impact 
persons. The Management Group has the authority 
to make decisions regarding the everyday activities 
of PREIN, including recruitment and initiating new 
research topics, based on the recommendations of 
the WP's.

The Steering Committee oversees the activities 
�g�/���¢�8�����á�ì�1�–�8�=�Š���ì�^�����[�g�^�=�¢�g�Ž�–���	�S�g�–���S�É���¢�8�����Š�Ž�g�1�Ž���–�–��
through the regular reports on key performance 
indicators and research highlights presented to 
them. The steering committee also acts as the link 
to the intuitional level of the partner organizations 
ensuring the resource and infrastructure 
development and the institutional commitment 
of the partner organizations. In 2020, the Steering 
Committee validated the changes in the PREIN 
structure. 

The administrative coordinators facilitate everyday 
management, acting as the link to the supporting 
teams. Each partner has named administrative 
contact person to enhance the communication on 
practical issues and the internal reporting in the 
�á�ì�1�–�8�=�Š����

The communications team communicates internally 
�ì���g�«�¢���¢�8�����á�ì�1�–�8�=�Š���=�^���¢�8�����Š�ì�Ž�¢�^���Ž���g�Ž�1�ì�^�=�Ó�ì�¢�=�g�^�–���ì�^����
helps in producing popularized news stories on the 
PREIN activities to the general public. The outreach 

team focuses on the activities directed at children 
and young people and produces events and material 
on photonics directed to these target groups. The 
Innovation team monitors the potential of research 
results and promote their transfer to the innovation 
pipeline in collaboration with WP5. In 2020, Juuso 
Uusimäki was hired as an Impact Specialist in PREIN 
in order to help in carrying out outreach activities. 
One of his main tasks has been the coordination and 
realization of the Photonics Explorer kit campaign.

�×�g�Ž�P���Š�ì�	�P�ì�1���–

�×�ž�Ó���g�=�1�8�¢���à���S�����	�g�^�¢�Ž�g�S
 �y Polarization and coherence control

 �y Temporal and spectral control

 �y Nanoscale localization

�×�ž�Ô���o�ì�¢���Ž�=�ì�S�–���ì�^�����–�¢�Ž�«�	�¢�«�Ž���–
 �y Advanced optoelectronic alloys

 �y Nanomaterials, metamaterials and 
nanostructures

 �y Photonics integration platforms

�×�ž�Õ���g�=�1�8�¢���–�g�«�Ž�	���–
 �y �o�=���6�=�^�/�Ž�ì�Ž�������S�ì�–���Ž���–�g�«�Ž�	���–

 �y Visible laser sources

 �y �O�=�1�8�6���^���Ž�1�É���Š�«�S�–�������–�g�«�Ž�	���–���/�g�Ž�� 
���É���6�–�ì�/�����Ã�ì�Â���S���^�1�¢�8�–

 �y Single photon sources

�×�ž�Ö�����Š�Š�S�=�������Ž���–���ì�Ž�	�8
 �y Portable and disposable sensors

 �y LIDAR technologies

 �y Smart photovoltaic modules

�×�ž�×���·���	�8���¢�Ž�ì�^�–�/���Ž
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�ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž��

�ž�Ž�g�/�����Ý�ì�–�«�8�=�P�g�����Ž�ì�P�ì�Ã�ì 
University of Tokyo, Japan

�ž�Ž�g�/�����o�=�	�8�ì�S���g�=�Š�–�g�^ 
Columbia University, USA

�ž�Ž�g�/�����!�8�Ž�=�–�¢�=�^�����ª�=�S�����Ž�8�g�Ž�^ 
Paderborn University, Germany

�ž�Ž�g�/�����ª���Ž�1���=���·�«�Ž�=�¢�–�É�^ 
Aston University, UK

�ž�Ž�g�/�����g�S�«�?�–���·�g�Ž�^���Ž 
Institute for Photonic Sciences, Spain

���g�ì�Ž�����g�/���ª�¢�ì�P���8�g�S�����Ž�–

�ž�=�Ž�M�g���e�«�¢�=�^�S�ì�8�¢�=, Ministry of Economic 
���Û�ì�=�Ž�–���ì�^�����/�[�Š�S�g�É�[���^�¢���=�^���F�=�^�S�ì�^��

�¢���=�M�g���e�ì�^�1�ì�–, Business Finland

�g�ì�«�Ž�ì���c�«�Â�g�^���^, Technology Industries  
in Finland

�¢�=�–�¢�g���g�=�^�¢�«�Ž�=, Futurist

�·�=�[�g�����8�g�Š���S�¢�g, Lifeline Ventures

�c�É�Ž�P�=���O�«�¢�¢�«�^���^, Oplatek

�o�ì�Ž�P�g���c�ì�S�g�^���^, Vaisala

�/���Ž�g���ª�ì�S�[���S�=�^�����O�«�ì�Ã���=

���^�¢�¢�=���ª�«�^�^�ì�Ž�=, Dispelix

�����Â�=�–�g�Ž�É�����g�ì�Ž���–
�ž�¢�/�T�r���=�–���/�«�Ž�¢�8���Ž���–�«�Š�Š�g�Ž�¢���������É���ì���ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É��
���g�ì�Ž�����	�g�[�Š�Ž�=�–�=�^�1���8�=�1�8�6�S���Â���S���=�^�¢���Ž�^�ì�¢�=�g�^�ì�S���–�	�=���^�¢�=�–�¢�–����
�·�8�����ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž�����[���[�����Ž�–���Ž���Š�Ž���–���^�¢��
�¢�g�Š�6�S���Â���S���Š�8�g�¢�g�^�=�	�–���Ž���–���ì�Ž�	�8���	���^�¢���Ž�–���	�g�^�–�=�����Ž�=�^�1��
a balanced geographical distribution and diversity. 
�·�8���É���Š�Ž�g�Â�=�������/���������ì�	�P���g�^���¢�8�����–�	�=���^�¢�=�à�	���ì�	�¢�=�Â�=�¢�=���–��
and on the research progress of PREIN. The 
�ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž�������ì�–���–���=�¢�–���Ž���Š�g�Ž�¢�–���ì�^����
�Ž���	�g�[�[���^���ì�¢�=�g�^�–���g�^���–�=�¢�����Â�=�–�=�¢�–�����Ã�g�Ž�P�6�Š�ì�	�P�ì�1���6
based research reports and benchmarking of the 
�á�ì�1�–�8�=�Š����

The Board of Stakeholders which includes 
representatives from national funding agencies, 
�[�=�^�=�–�¢�Ž�=���–�����S�ì�Ž�1�����	�g�Ž�Š�g�Ž�ì�¢�=�g�^�–�����ª�o�/�E�–�����–�¢�ì�Ž�¢�6�«�Š�–�����ì�^����
�Â���^�¢�«�Ž�����	�ì�Š�=�¢�ì�S�=�–�¢�–�����S�=�^�P�–���¢�8�����á�ì�1�–�8�=�Š���¢�g�����g�¢�8���Š�«���S�=�	��
�ì�^�����Š�Ž�=�Â�ì�¢�����–���	�¢�g�Ž�–�����·�8�=�–���ì�S�S�g�Ã�–���ž�¢�/�T�r���¢�g���ì�Û���	�¢��
policymaking and receive feedback on industrial 
needs. The Stakeholders collaborate with the 
�á�ì�1�–�8�=�Š���=�^���¢�8���[�ì�¢�=�	�����Â���^�¢�–�����Ž���Š�g�Ž�¢�–���ì�^�����ì�^�^�«�ì�S��
Board of Stakeholder meetings.

�·�8�����ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž�����Â�=�–�=�¢�������¢�8�������ì�S�¢�g���¿�^�=�Â���Ž�–�=�¢�É��
�ì�^�����Ö�·�·���o�=�	�Ž�g�^�g�Â�ì���Š�Ž���[�=�–���–���=�^���c�ì�^�«�ì�Ž�É���Ô�Ò�Ô�Ò��

�·�8�����ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É��
���g�ì�Ž�����Â�=�–�=�¢�������¢�8�������ì�S�¢�g��

�¿�^�=�Â���Ž�–�=�¢�É���ì�^�����Ö�·�·��
�o�=�	�Ž�g�^�g�Â�ì���Š�Ž���[�=�–���–���=�^��

�c�ì�^�«�ì�Ž�É���Ô�Ò�Ô�Ò��
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�ž�¢�/�T�r���Ž���–���ì�Ž�	�8���Ž�g�ì���[�ì�Š���/�g�Ž���Ô�Ò�Ô�Ò�3�Ô�Ò�Ô�Ö

�g�=�/�����–�	�=���^�	�� �T�!�· ���«�¢�g�^�g�[�g�«�–���Â���8�=�	�S���–��
�ì�^�����[�g���=�S���������Â�=�	���–

Smart sensors �T�^�¢���1�Ž�ì�¢�������ž�8�g�¢�g�^�=�	�–

Biosensors �H�ì�–���–���^�–�=�^�1 �!�g�[�Š�g�^���^�¢�– �g�T�(���¢

�ž�Ž�=�^�¢�ì���S�����[�=�	�Ž�g�á�«�=���=�–�¢�=�	��
�Š�S�ì�¢�/�g�Ž�[���/�g�Ž�����=�g�ì�Ü�^�=�¢�É��
assays

Broadband 
photoacoustic gas 
analyser for 2.5 – 
3.5 um using super 
continuum source

�O�É���Ž�=�����T�T�T�6�Ö�6�g�^�6�–�=�S�=�	�g�^�6
�g�^�6�=�^�–�«�S�ì�¢�g�Ž���S�ì�–���Ž�–

Large waveguide 
arrays and printed 
3D lenses for >10m 
working distance

Fluorescence readout with 
single photon  
Fluorescence readout with 
single photon detectors 
(SPAD)

Miniaturized 
interferometer 
for portable 
photoacoustic 
broadband gas 
sensor

�Ó�Ò�Ò���H�O�Ó���g�^�6�	�8�=�Š���g�Š�¢�=�	�ì�S��
modulators

Tunable light source 
���ì�–�������g�^���8�É���Ž�=�����T�T�T�6�Ö��
integration on 3 um 
�–�=�S�=�	�g�^�6�g�^�6�=�^�–�«�S�ì�¢�g�Ž

Integration of printable 
�[�=�	�Ž�g�á�«�=���=�–�¢�=�	���–���^�–�g�Ž��
platform with Fluorescence 
readout with single photon 
�����¢���	�¢�g�Ž���6���ì�–�������Ž���ì���g�«�¢���/�g�Ž��
�«�S�¢�Ž�ì�6�–���^�–�=�¢�=�Â�����ì�^�����–���S���	�¢�=�Â����
biosensing

Utilizing of 
tunable photonic 
integrated 
circuit lasers for 
broadband gas 
sensing

100 nm bandwidth 
�g�^�6�	�8�=�Š���	�=�Ž�	�«�S�ì�¢�g�Ž���/�g�Ž��
photonic integrated 
circuits

Waveguide gratings 
and phase modulators 
�/�g�Ž���/�ì�–�¢���Š�g�Ã���Ž�6���Ü�	�=���^�¢��
3D scanning

�·�=�[���6�1�ì�¢�������F�S�«�g�Ž���–�	���^�	����
readout with single 
photon detector array 
for Raman sensing on the 
�[�=�	�Ž�g�á�«�=���=�–�¢�=�	���Š�S�ì�¢�/�g�Ž�[

Miniaturized gas 
sensor based on a 
tunable photonic 
integrated circuit 
�S�ì�–���Ž���ì�¢���Ô�6�Õ���«�[��
wavelength

10 Tbps hybrid 
transceiver

Integrated LIDAR 
module on a single chip

2020

�Ô�Ò�Ô�Ó

2022

�Ô�Ò�Ô�Õ

�Ô�Ò�Ô�Ö
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�/�^�Â�=�Ž�g�^�[���^�¢�ì�S���[�g�^�=�¢�g�Ž�=�^�1�� 
�ì�^�����8���ì�S�¢�8�	�ì�Ž��

Quantum 
�	�Ž�É�Š�¢�g�1�Ž�ì�Š�8�É���ì�^����
�–�«�Š���Ž�	�g�^���«�	�¢�=�^�1��

�S�g�1�=�	

�!�g�[�Š�ì�	�¢�����Ü�	�=���^�¢���Š�8�g�¢�g�Â�g�S�¢�ì�=�	��
�Š�ì�^���S�–���ì�^�����	�S���ì�^�����^���Ž�1�É

�g�=�1�8�¢���–�g�«�Ž�	���– �ž�8�g�¢�g�Â�g�S�¢�ì�=�	

�o�=���6�T�¢���–�g�«�Ž�	���–

�r�ì�^�g�–�	�ì�S�� �T�T�T�6�Ö���–�g�S�ì�Ž��
�	���S�S�– �ž���Ž�g�Â�–�P�=�¢���– �	�6�ª�=���ª�«�Š���Ž�	�g�^�¢�=�^�«�«�[�·�«�^�ì���S�����Š�8�g�¢�g�^�=�	��

�=�^�¢���1�Ž�ì�¢�������	�=�Ž�	�«�=�¢��
�S�ì�–���Ž�–

�×�ì�¢�¢�6�S���Â���S���–�«����
nanosecond seed 
laser beyond  
2.3 um

�H�ì�ª���6���ì�–�������1�ì�=�^��
for 2.7 um

�T�T�T�6�Ö���¡�(�–���/�g�Ž��
�Ó���×���Ð�[���ì�^�����Ô�(��
materials um

Compact 
concentrator 
photovoltaic 
proto panel 28% 
���Û�����ì�^�����8�=�1�8�S�É�����Û����
4J SCs

Design and 
synthesis of 
�^�g�^�6�¢�g�È�=�	���S���ì���6
free perovskites

Passivated 
Emitter and Rear 
Cell and/or Tunnel 
Oxide Passivated 
�!�g�^�¢�ì�	�¢�����6�ª�=���–�g�S�ì�Ž��
cells

Fiber or 
waveguide 
integrated 
architecture

�g�g�Ã�6�S�g�–�–���–�=�S�=�	�g�^��
photonics echelle 
gratings and 
�Ž�=�^�1�6�Ž���–�g�^�ì�¢�g�Ž�–���ì�¢��
2–3 um

�O�=�1�8�6�–�Š��������
�/���Ã�6�Š�8�g�¢�g�^�–��
plasmonic 
nanolasers 
at cryogenic 
temperature 

New 5J and 6J 
solar cells for 
�Ž�×�Ò�š�Ã�Ã�����Û��

�/�ì�Ž�¢�8�6�ì���«�^���ì�^�¢��
photovoltaic 
components and 
�1�Ž�����^�6�–�g�S�Â���^�¢��
processing

Extending to 
possible tandem 
cell technology 

�o�ì�	�8�=�^���6�S���ì�Ž�^�=�^�1��
control

�O�É���Ž�=���� 
integration of  
gain chips and 
tuning silicon 
photonics 
elements

Single particle 
excitation based 
on plasmonic 
cavity with 
broad tuning 

Compact 
concentrator 
photovoltaic 
panels with 
�ˆ�Ö�Ò�š�����Û��

Environmental 
and mechanical 
stability of green 
photovoltaic 
components

Upscaling the 
�–���S���	�¢���������6�ª�=���–�g�S�ì�Ž��
cell technology 
(possibly with 
external partners)

Compact 
on demand 
supercontinuum 
in 2–8 um

Wavelength 
programable 
integrated laser  
in 2–3 um

�/�Ü�	�=���^�¢��
single particle 
excitation and 
�8�=�1�8�6�–�Š��������
nanolasers 
�Ã�=�¢�8���«�S�¢�Ž�ì�6�S�g�Ã��
energy/bit

Compact panels 
integrated 
with dense 
�[�ì�¢�Ž�=�È���[�=�	�Ž�g�6��
concentrator 
photovoltaic III–V 
chips

Device 
engineering to 
maximize the 
performance of 
green perovskite 
photovoltaics

Panel fabrication 
and outdoor 
testing in 
collaboration with 
industry

Maarit Vähä-Tahlo
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�¢���–���ì�Ž�	�8���ž���Ž���–���ì�Ž�	�8���Ž�–��
�ž�¢�/�T�r���8�ì�–���=�����^�¢�=�à�������ì�Š�Š�S�=�	�ì�¢�=�g�^���ì�Ž���ì�–���Ã�8���Ž�����¢�8����
�Š�ì�Ž�¢�^���Ž�–�E���M�g�=�^�¢�����È�Š���Ž�¢�=�–�����=�–�����È�Š���	�¢�������¢�g���S���ì�����¢�g��
�–�=�1�^�=�à�	�ì�^�¢�����Ž���ì�P�¢�8�Ž�g�«�1�8�–�����·�8���–�����=�^�	�S�«�������ì���Â�ì�^�	���–��
in diagnostics and treatments in life sciences; 
�����Â���S�g�Š�[���^�¢���g�/�����^���Ž�1�É�6���Ü�	�=���^�¢���ì�^�������^���Ž�1�É�6
saving technologies; communications, augmented 
�ì�^�����Â�=�Ž�¢�«�ì�S���Ž���ì�S�=�¢�=���–���=�^���T�!�·�����•�«�ì�^�¢�«�[���¢���	�8�^�g�S�g�1�=���–����
sensing, environmental and industrial monitoring 
with LIDAR technologies. Based on the knowledge, 
expertise, research status and strategic plans of 
�=�¢�–���Š�ì�Ž�¢�^���Ž�–�����ž�¢�/�T�r���8�ì�–���–�«�[�[�ì�Ž�=�Ó�������=�¢�–���–�	�=���^�¢�=�à�	��
�g���M���	�¢�=�Â���–���/�g�Ž���Ô�Ò�Ô�Ò�3�Ô�Ò�Ô�Ö���¢�8�����Ž�g�ì���[�ì�Š���g�^���¢�8�����Š�ì�1���–��
�Ú�3�Û�����·�8�����Ž�g�ì���[�ì�Š���=�–���	���^�¢���Ž�������ì�Ž�g�«�^�����/�g�«�Ž�����=�Û���Ž���^�¢��
themes, where the synergies between the PREIN 
�Š�ì�Ž�¢�^���Ž�–���ì�Ž�������È�Š���	�¢�������¢�g���É�=���S�����–�=�1�^�=�à�	�ì�^�¢���ì���Â�ì�^�	���–��
�ì�^�������Ž���ì�P�¢�8�Ž�g�«�1�8�–�����ª�Š���	�=�à�	�ì�S�S�É�����¢�8���–�����ì�Ž���ì�–���=�^�	�S�«������
smart sensors for biosensing and imaging with the 
development of integrated sensing capabilities for 
life science and medical applications, and integrated 
photonics with the development of components 
for ultrafast communications and LIDAR chips for 
autonomous vehicles. PREIN also focuses on the 
development of advanced light sources and in 
particular infrared and nanoscale lasers which are 
���È�Š���	�¢�������¢�g���8�ì�Â�����ì���[�ì�M�g�Ž���=�[�Š�ì�	�¢���g�^�����^�Â�=�Ž�g�^�[���^�¢�ì�S��
�ì�^�����=�^���«�–�¢�Ž�=�ì�S���[�g�^�=�¢�g�Ž�=�^�1���ì�–���Ã���S�S���ì�–���g�^���•�«�ì�^�¢�«�[��
technologies. PREIN also seek for advances in clean 

energy production and harvesting with highly 
���Ü�	�=���^�¢���ì�^�����S�=�1�8�¢�Ã���=�1�8�¢���Š�8�g�¢�g�Â�g�S�¢�ì�=�	���[�g���«�S���–����

There were approximately 350 researchers working 
in PREIN in 2019 and the number has increased 
to almost 400 in 2020 with new researchers 
recruited and new research groups incorporated 
into the activities. Postdoctoral researchers and 
PhD students form the largest group in the PREIN 
�–�¢�ì�Û���S�=�P�����=�^���¢�8�����Š�Ž���Â�=�g�«�–���É���ì�Ž�����T�^���Ö�·�·���[�g�–�¢���g�/���¢�8����
�Ž���–���ì�Ž�	�8���Ž�–���Ã�g�Ž�P���/�g�Ž���–���Â���Ž�ì�S�����=�Û���Ž���^�¢���Š�Ž�g�M���	�¢�–���ì�^����
thus dedicate only part of their working hours to 
PREIN. 

�o�ì�Ž�=�����!�«�Ž�=�����	�g�6�/�«�^�����o�¿�g�·�T�ž�g�Ý���/���S�S�g�Ã�–�8�=�Š��
�Š�Ž�g�1�Ž�ì�[�[��
PREIN university partners signed an agreement 
�¢�g���M�g�=�^���¢�8�����o�ì�Ž�=�����ª�P�Z�g���g�Ã�–�P�ì�6�!�«�Ž�=�����ž�g�–�¢���g�	�¢�g�Ž�ì�S��
Fellowships in Photonics (MULTIPLY) programme 
�ì�=�[�������ì�¢���=�^�¢���Ž�^�ì�¢�=�g�^�ì�S���Š�g�–�¢�6���g�	�¢�g�Ž�ì�S���Ž���–���ì�Ž�	�8���Ž�–����
The consortium comprising of more than 50 
internationally leading academic and industrial 
partners, is coordinated by Aston University. Two 
postdoctoral positions in Tampere University were 
�à�S�S�������Ã�=�¢�8�=�^���¢�8�����o�¿�g�·�T�ž�g�Ý���/�Ž�ì�[���Ã�g�Ž�P���=�^���Ô�Ò�Ô�Ò��

Gender division  
of employees  

Female Male

�Ô�×�š

�Ù�×�š

Foreign personnel

Foreign Finnish

�Õ�Ø�š

�Ø�Ö�š
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The research has led to an impressive number of results from improved theor etical 
�«�^�����Ž�–�¢�ì�^���=�^�1���g�/���S�=�1�8�¢���Š�Ž�g�Š���Ž�¢�=���–���¢�g���^�ì�^�g�–�¢�Ž�«�	�¢�«�Ž���–���ì�^�����S�ì�–���Ž���–�g�«�Ž�	���–���Ã�=�¢�8���«�^�=�•�«����
characteristics as well as sensors and solar cells with outstanding pe rformance. 
Below, we provide a summary of the progress realized in each WP highlightin g 
noteworthy results and publications as well as the partners involved, a nd provide 
short descriptions of upcoming developments.

�¢���–���ì�Ž�	�8���8�=�1�8�S�=�1�8�¢�–���/�Ž�g�[���Ô�Ò�Ô�Ò

�×�ž�Ó�����g�=�1�8�¢���à���S�����	�g�^�¢�Ž�g�S
�·�8�����g���M���	�¢�=�Â�����g�/���×�ž�Ó���=�–���¢�g�������–�=�1�^���ì�^���������Â���S�g�Š��
novel approaches for controlling and harnessing 
�P���É���Š�Ž�g�Š���Ž�¢�=���–���g�/���g�Š�¢�=�	�ì�S���à���S���–���=�^�	�S�«���=�^�1���–�Š�ì�¢�=�ì�S��
�S�g�	�ì�S�=�Ó�ì�¢�=�g�^���ì�^�����	�g�^�à�^���[���^�¢�����¢���[�Š�g�Ž�ì�S���ì�^����
spectral characteristics, as well as polarization 
and coherence properties in order to enable new 
functionalities. 

 �y Imaging, interferometry, and polarimetry (UEF/
Aalto/TAU) : Several novel imaging methods have 
�������^�������Â���S�g�Š�������=�^�	�S�«���=�^�1���ì���à���S���6�=�^�¢���Ž�/���Ž�g�[���¢�Ž�=�	��
method for retrieving the phase and amplitude 
�g�/���g���M���	�¢�–���=�^���¢�8�����Š�Ž���–���^�	�����g�/���–���Â���Ž�����ì�����Ž�Ž�ì�¢�=�g�^�–����
�ì�����«�ì�S�6�	�g�S�g�Ž���¢���[�Š�g�Ž�ì�S���1�8�g�–�¢���=�[�ì�1�=�^�1���¢���	�8�^�=�•�«�����¢�g��
characterize ultrafast waveforms in wavelengths 
regime where fast detectors are lacking, as well 
�ì�–���ì���1�8�g�–�¢���Š�g�S�ì�Ž�=�[���¢�Ž�É���¢���	�8�^�=�•�«�����¢�g���	�8�ì�Ž�ì�	�¢���Ž�=�Ó����
�¢�8�����Š�g�S�ì�Ž�=�Ó�ì�¢�=�g�^�6�����Š���^�����^�¢���Ž���–�Š�g�^�–�����g�/���g���M���	�¢�–����
�����Ã�ì�Â���/�Ž�g�^�¢�6�/�g�S���=�^�1���=�^�¢���Ž�/���Ž�g�[���¢���Ž�����1�8�g�–�¢���o�ì�	�8�6
�ç���8�^�����Ž���=�^�¢���Ž�/���Ž�g�[���¢���Ž�����ì�^�����¢�Ã�g�6�^�ì�^�g�Š�Ž�g������
detection were also implemented for coherence 
measurements.

 �y �ž�g�S�ì�Ž�=�Ó�ì�¢�=�g�^���–�Š�S�=�¢�¢�=�^�1���ì�^�����Ž�g�¢�ì�¢�=�g�^���g�^���Õ���Ð�[��
SOI platform (VTT/UEF/Aalto):  Theoretical 
operating principles of novel polarization 
�–�Š�S�=�¢�¢���Ž�–���ì�^�����Ž�g�¢�ì�¢�g�Ž�–���Ã���Ž�����	�g�^�à�Ž�[�������Ã�=�¢�8��
�^�«�[���Ž�=�	�ì�S���–�=�[�«�S�ì�¢�=�g�^�–���ì�^�����/�«�S�S�6�Â���	�¢�g�Ž�=�ì�S���Õ�(��
analysis. Comparison with experiments were 
also performed and new test devices were 
designed and fabricated to enhance the operating 
wavelength range and reduce the sensitivity 
to fabrication tolerances. Setups were also 
developed for testing Faraday rotation in SOI 
�Ã�ì�Â���1�«�=�����–���=�^���«�	���������É���ì���¢�«�^�ì���S�����[�ì�1�^���¢�=�	���à���S������

Analytical and numerical simulation tools were 
developed to support polarization management 
in optical waveguides.

 �y �O�=�1�8�S�É���Â���Ž�–�ì�¢�=�S�����Š�S�ì�–�[�g�^�=�	���S�ì�¢�¢�=�	���–���*�¿�/�F�����ì�S�¢�g��
TAU): Plasmonic lattices have been utilized 
�=�^���Â�ì�Ž�=�g�«�–���	�g�^�¢���È�¢�–�����=�^�	�S�«���=�^�1���ì�S�S�6�g�Š�¢�=�	�ì�S��
�–�Ã�=�¢�	�8�=�^�1���ì�^�����S�ì�–�=�^�1�����Š�S�ì�–�[�g�^�=�	�����g�–���6�/�=�^�–�¢���=�^��
condensation (in connection to WP2), as well 
�ì�–�����g�«���S���6�Ž���–�g�^�ì�^�¢���S�ì�¢�¢�=�	���–���/�g�Ž�����^�8�ì�^�	�=�^�1���=�^�6
coupling of Raman lasers and Raman transitions. 
Future steps include tailoring the geometric 
phase in such lattices via lattice periodicity and 
geometry.

 �y �¡�«�ì�^�¢�«�[���S�=�1�8�¢���Ž���–���ì�Ž�	�8���*�·���¿���¿�/�F�+�� A link 
between the degree of polarization and 
�Ã�ì�Â���6�Š�ì�Ž�¢�=�	�S�������«�ì�S�=�¢�É���=�^���Â���	�¢�g�Ž���S�=�1�8�¢���•�«�ì�^�¢�«�[��
�	�g�[�Š�S���[���^�¢�ì�Ž�=�¢�É���=�^���Ý�g�«�^�1�E�–�����«�ì�S�6�Š�=�^�8�g�S�����–���¢�«�Š��
was formally established. The relation provides 
a fundamental link between the photon path 
predictability through the openings, the Stokes 
visibility involving intensity and polarization 
modulations at the observation plane, and 
the degree of polarization of the initial single 
photon state. Using a recently developed scheme 
�¢�g���Š���Ž�/�g�Ž�[���–�Š�ì�¢�=�ì�S�6�[�g�������«�^�=�¢�ì�Ž�É���g�Š���Ž�ì�¢�=�g�^�–����
�Â�ì�Ž�=�g�«�–���8�=�1�8�6���=�[���^�–�=�g�^�ì�S���•�«�ì�^�¢�«�[���1�ì�¢���–���Ã���Ž����
�Ž���ì�S�=�Ó�������ì�^�����¢���–�¢�������=�^�	�S�«���=�^�1���ì���¢�Ã�g�6�•�«���=�¢���1�ì�¢����
�=�[�Š�S���[���^�¢�������g�^���ì���–�=�^�1�S�����Š�8�g�¢�g�^�����·�Ã�g�6�Š�8�g�¢�g�^��
interferences in spatial modes have been also 
�����[�g�^�–�¢�Ž�ì�¢���������Ž���Š�Ž���–���^�¢�=�^�1���¢�8�����à�Ž�–�¢���–�¢���Š��
�¢�g�Ã�ì�Ž���–���	�g�[�Š�S���È���•�«�ì�^�¢�«�[���g�Š�¢�=�	�–�����È�Š���Ž�=�[���^�¢�–��
implemented through linear optical networks 
along a single path.
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�¿�Š�	�g�[�=�^�1�������Â���S�g�Š�[���^�¢�–
 �y Imaging, interferometry, and polarimetry:  

Extension of the temporal ghost imaging method 
�¢�g���Š�8�ì�–�����g���M���	�¢�–�����/�È�Š���Ž�=�[���^�¢�ì�S���Â���Ž�=�à�	�ì�¢�=�g�^���g�/��
scaling law for nonstationary light. 

 �y �ž�g�S�ì�Ž�=�Ó�ì�¢�=�g�^���–�Š�S�=�¢�¢�=�^�1���ì�^�����Ž�g�¢�ì�¢�=�g�^���g�^���Õ���Ð�[���ª�{�T��
platform:  Experimental demonstration of novel 
polarization splitting and rotation concepts 
with broad wavelength range and insensitivity 
�¢�g���/�ì���Ž�=�	�ì�¢�=�g�^���¢�g�S���Ž�ì�^�	���–�����·�8�����à�^�ì�S���1�g�ì�S���=�–���¢�g��
demonstrate an optical isolator with >100 nm 
bandwidth and <2 dB insertion loss. 

 �y �O�=�1�8�S�É���Â���Ž�–�ì�¢�=�S�����Š�S�ì�–�[�g�^�=�	���S�ì�¢�¢�=�	���–�� Study 
�g�/���¢�g�Š�g�S�g�1�=�	�ì�S���Š�Ž�g�Š���Ž�¢�=���–���g�/�����=�Û���Ž���^�¢���S�ì�¢�¢�=�	����
geometries and production of coherent, 
topologically nontrivial light by incorporating 
optical gain into the structures. 

 �y �¡�«�ì�^�¢�«�[���S�=�1�8�¢���Ž���–���ì�Ž�	�8�� Theory and experiment 
of single photon geometrical phase in Young’s 
�–���¢�«�Š���ì�^�����Â���	�¢�g�Ž���S�=�1�8�¢���•�«�ì�^�¢�«�[���	�g�[�Š�S���[���^�¢�ì�Ž�=�¢�É��
with anisotropic and/or nonlinear medium 
�=�^���Ý�g�«�^�1�E�–���–���¢�«�Š�����T�^�Â���–�¢�=�1�ì�¢�=�^�1���¢���	�8�^�=�•�«���–���¢�g��
�Ž���ì�S�=�Ó�����–�Š�ì�¢�=�ì�S�6�[�g�������«�^�=�¢�ì�Ž�É���g�Š���Ž�ì�¢�=�g�^�–���=�^���ì�^��
integrated manner, demonstrating supersensitive 
�[���ì�–�«�Ž���[���^�¢�–���«�–�=�^�1���–�Š�ì�¢�=�ì�S�6�[�g�������r�{�{�r�6�–�¢�ì�¢���–��
and developing novel schemes for the generation 
�g�/���[�«�S�¢�=�6�Š�ì�Ž�¢�=�¢�����8�=�1�8�6���=�[���^�–�=�g�^�ì�S���•�«�ì�^�¢�«�[��
states. 

�ª���S���	�¢�������Ô�Ò�Ô�Ò���Š�«���S�=�	�ì�¢�=�g�^�–���g�/���×�ž�Ó
1. C. Ding, M. Koivurova, T. Setälä, J. Turunen, and A. 

T. Friberg, “Spectral invariance and scaling law for 
�^�g�^�–�¢�ì�¢�=�g�^�ì�Ž�É���g�Š�¢�=�	�ì�S���à���S���–�C�����ž�8�É�–�����¢���Â���������Ó�Ò�Ó�����Ò�Õ�Õ�Ú�Ò�Ú��
(2020). 

2. �������O�ì�S�����Ž�����O�����ž�ì�Ž�¢�ì�^���^�����������g���=�^�g�^���^�����o�����e�g�=�Â�«�Ž�g�Â�ì�����·�����e����
�O�ì�P�ì�S�ì�����·�����ª���¢�û�S�û�����c�����·�«�Ž�«�^���^�����ì�^�����������·�����F�Ž�=�����Ž�1�����B�o�=�Ž�Ž�g�Ž�6
���ì�–�������–�	�ì�^�^�=�^�1���Ã�ì�Â���/�Ž�g�^�¢�6�/�g�S���=�^�1���=�^�¢���Ž�/���Ž�g�[���¢���Ž���/�g�Ž��
�«�^�=�Â���Ž�–�ì�S���	�g�8���Ž���^�	�����[���ì�–�«�Ž���[���^�¢�–�C�����{�Š�¢�����g���¢�¢�����Ö�×����
4260 (2020).

3. B. O. Asamoah, S. Mohamed, S. Datta, P. Karvinen, 
�O�����¢���P�g�S�ì�����������ž�Ž�=�=�[�ì�1�=�����ì�^�����·�����e�����O�ì�P�ì�S�ì�����B�{�Š�¢�=�	�ì�S�S�É��
induced crossover from weak to strong coupling 
regime between surface plasmon polaritons and 
�Š�8�g�¢�g�	�8�Ž�g�[�=�	���[�g�S���	�«�S���–�C�����{�Š�¢�����/�È�Š�Ž���–�–���Ô�Ú�����Ô�Ø�×�Ò�Û��
(2020).

4. �o�����e�g�=�Â�«�Ž�g�Â�ì�����·�����O�ì�P�ì�S�ì�����c�����·�«�Ž�«�^���^�����������·�����F�Ž�=�����Ž�1�����o����
�{�Ž�^�=�1�g�¢�¢�=�����ì�^�����O�����!�ì�1�S�ì�É�ì�^�����B�o���¢�ì�[�ì�¢���Ž�=�ì�S�–�������–�=�1�^������
�/�g�Ž�����^�8�ì�^�	�������/�r�ç���Š�Ž�g�Š���Ž�¢�=���–�C�����r���Ã���c�����ž�8�É�–���Ô�Ô�����Ò�Û�Õ�Ò�×�Ö��
(2020).

5. �e�����ª�ì�ì�–�¢�ì�[�g�=�^���^�����O�����ž�ì�Ž�¢�ì�^���^�����������·�����F�Ž�=�����Ž�1�����ì�^����
T. Setälä, “Probing the electromagnetic degree of 
�	�g�8���Ž���^�	�����g�/���S�=�1�8�¢�������ì�[�–���Ã�=�¢�8���^�ì�^�g�–�	�ì�¢�¢���Ž���Ž�–�C�������!�ª��
Photonics 7, 1030 (2020). 

6. �c�����o�����·�ì�–�P�=�^���^�����������c�����o�g�=�S�ì�^���^�����O�����¢���P�g�S�ì�����e�����e�«�^�¢�Ó������
�������ž�Ž�=�=�[�ì�1�=�����ž�����·�q�Ž�[�û�����ì�^�����·�����e�����O�ì�P�ì�S�ì�����B���S�S�6�g�Š�¢�=�	�ì�S��
���[�=�–�–�=�g�^���	�g�^�¢�Ž�g�S���ì�^�����S�ì�–�=�^�1���=�^���Š�S�ì�–�[�g�^�=�	���S�ì�¢�¢�=�	���–�C�������!�ª��
Photonics 7, 2850–2858 (2020).

7. �F�������Ž�ì�^���¢�����o�����O�=���P�P�ì�[�û�P�=�����F�������g�«�	�8�ì�Ž�������o�����O�«�����Ž�����ì�^����
�¢�����F�=�	�P�S���Ž�����B�O�=�1�8�6���=�[���^�–�=�g�^�ì�S���•�«�ì�^�¢�«�[���1�ì�¢���–���«�–�=�^�1��
�/�«�S�S�6�à���S�����–�Š�ì�¢�=�ì�S���[�g�����–���g�/���Š�8�g�¢�g�^�–���C���{�Š�¢�=�	�ì���Ù�����Û�Ú�6�Ó�Ò�Ù��
(2020). 

8. �������O�ì�^�^�g�^���^�����O�����ž�ì�Ž�¢�ì�^���^�����������g���=�^�g�^���^�����c�����O���=�P�P�=�^���^�����·�����e����
�O�ì�P�ì�S�ì�����������·�����F�Ž�=�����Ž�1�����ì�^�����·�����ª���¢�û�S�û�����B�o���ì�–�«�Ž���[���^�¢���g�/���¢�8����
�ž�ì�^�	�8�ì�Ž�ì�¢�^�ì�[�6�����Ž�Ž�É���Š�8�ì�–�����=�^���¢�Ã�g�6�����ì�[���=�^�¢���Ž�/���Ž���^�	���C����
�{�Š�¢�=�	�ì���Ù�����Ó�Ö�Õ�×�6�Ó�Ö�Õ�Û���*�Ô�Ò�Ô�Ò�+��

�g���/�¢�����!�g�^�¢�Ž�g�S�S���������[�=�–�–�=�g�^���/�Ž�g�[���ì���Š�S�ì�–�[�g�^�=�	���^�ì�^�g�Š�ì�Ž�¢�=�	�S�����S�ì�¢�¢�=�	�����(�/�Ž�g�[���¢���/�����Ø�)�����o�=�����S�������ž�g�S�ì�Ž�=�Ó�ì�¢�=�g�^���–�Š�S�=�¢�¢���Ž�������–�=�1�^���ì�^����
�–�=�[�«�S�ì�¢�=�g�^�����¢�=�1�8�¢�����ª���¢�«�Š���/�g�Ž���[���ì�–�«�Ž�=�^�1�����S���	�¢�Ž�g�[�ì�1�^���¢�=�	���–�Š�ì�¢�=�ì�S���	�g�8���Ž���^�	�����Ã�=�¢�8���¢�Ã�g���^�ì�^�g�Š�ì�Ž�¢�=�	�S���–���(�/�Ž�g�[���¢���/�����×�)��
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�×�ž�Ô�����o�ì�¢���Ž�=�ì�S�–���ì�^�����–�¢�Ž�«�	�¢�«�Ž���–

�{�Â���Ž�Â�=���Ã
The rationale of WP2 is to design and develop novel 
classes of materials and structures, study their 
properties and realize integrated architectures that 
allows linking the fundamental research performed 
in WP1 to the light sources and devices developed 
in WP3–WP4. The type of materials and structures 
studied range from advanced optoelectronic alloys 
�ì�^�����Ô�(���[�ì�¢���Ž�=�ì�S�–�����¢�g���Š�S�ì�–�[�g�^�=�	���ì�^�������Š�–�=�S�g�^�6�^���ì�Ž�6
zero nanostructures and photonics integrated 
circuits.

�ª���S���	�¢�������Ô�Ò�Ô�Ò���O�=�1�8�S�=�1�8�¢�–
 �y �/�Š�=�¢�ì�È�É���g�/���H�ì�ª�����=���H�ì�ª�����	�g�[�Š�g�«�^���–���/�g�Ž���[�=���6

�=�^�/�Ž�ì�Ž�������Ã�=�¢�8���·�É�Š���6�T���¢�Ž�ì�^�–�=�¢�=�g�^�� An important 
milestone was reached with the realization 
�g�/���H�ì�ª�����=���à�S�[�–�����Š�=�¢�ì�È�É���g�^���H�ì���–���–�«���–�¢�Ž�ì�¢���–��
using metamorphic growth. This development 
�����[�g�^�–�¢�Ž�ì�¢���–���¢�8�����Š�g�–�–�=���=�S�=�¢�É���¢�g���1�Ž�g�Ã���[�=���6
�=�^�/�Ž�ì�Ž�������	�g�[�Š�g�«�^���–���g�^���H�ì���–���«�–�=�^�1���ì�Ž�¢�=�à�	�=�ì�S���ª�=��
�ª�=�H�����H�ì���–���–�«���–�¢�Ž�ì�¢���–�����Ã�=�¢�8���–�=�1�^�=�à�	�ì�^�¢���Š�g�¢���^�¢�=�ì�S��
for light sources and their monolithic integration 
to silicon photonics.

 �y �O�=�1�8�6�Š���Ž�/�g�Ž�[�ì�^�	�����Š�8�g�¢�g�^�=�	�������Â�=�	���–���Ã�=�¢�8��
1D materials:���O�=�1�8�6�Š���Ž�/�g�Ž�[�ì�^�	�����Š�8�g�¢�g�^�=�	�–��
devices based on 1D materials have been 
demonstrated including saturable absorbers 
�Ã�=�¢�8���	�ì�Ž���g�^���^�ì�^�g�¢�«�������à�S�[�–���ì�^�����^�ì�^�g�Ã�=�Ž���–�����8�=�1�8�6
���Ü�	�=���^�	�É���/�Ž���•�«���^�	�É���	�g�^�Â���Ž�¢���Ž�–�����ì�^�����á���È�=���S����
�Š�6�^���M�«�^�	�¢�=�g�^�������Â�=�	�����g�^���Š�S�ì�–�¢�=�	�–���Ã�=�¢�8���^�ì�^�g�Ã�=�Ž���–����
�·�8���������[�g�^�–�¢�Ž�ì�¢�=�g�^�–���–�8�g�Ã���á���È�=���S�������[�g�^�g�S�=�¢�8�=�	��
fabrication and integration strategies with 1D 
�[�ì�¢���Ž�=�ì�S�–���/�g�Ž���8�=�1�8�6�Š���Ž�/�g�Ž�[�ì�^�	�������S���	�¢�Ž�g�^�=�	���ì�^����
optoelectronic devices.

 �y New fabrication and integration methods for 
2D materials:  novel fabrication and integration 
approaches for 2D materials were explored 
yielding precise control of interlayer twist 
�ì�^�1�S�����=�^���8�g�[�g�6�–�¢�Ž�«�	�¢�«�Ž���–���ì�^�����8�É���Ž�=�����Š�8�g�¢�g�^�=�	��
�	�Ž�É�–�¢�ì�S���à�����Ž�–�����g�Ž���ì�S�S�g�Ã�=�^�1���/�g�Ž���8�=�1�8���Š���Ž�/�g�Ž�[�ì�^�	����
�	�g�[�Š�S���[���^�¢�ì�Ž�É�������Â�=�	���–�����8�=�1�8�6���Ü�	�=���^�	�É��
���=�Û���Ž���^�	���6�/�Ž���•�«���^�	�É���1���^���Ž�ì�¢�=�g�^���ì�^�������S���	�¢�Ž�=�	�ì�S��
control of nonlinear phenomena with 2D 
materials. These particular results open novel 

perspectives for optoelectronic applications of 
�Ô�(���[�ì�¢���Ž�=�ì�S�–�����–�«�	�8���ì�–�������1�����•�«�ì�^�¢�«�[���=�^�/�g�Ž�[�ì�¢�=�g�^��
processing and tunable coherent light 
generation.

 �y �/�Š�–�=�S�g�^�6�^���ì�Ž�6�Ó���Ž�g���^�ì�^�g�–�¢�Ž�«�	�¢�«�Ž���–���ì�^�����^�ì�^�g�6
materials with spatially extended modes:  
The ultrafast optical response of a multilayer 
metamaterial of alternating metal and 
���=���S���	�¢�Ž�=�	���S�ì�É���Ž�–�����È�8�=���=�¢�=�^�1���ì���Â�ì�^�=�–�8�=�^�1�����Û���	�¢�=�Â����
permittivity was studied. A change in the 
���Û���	�¢�=�Â�����Š���Ž�[�=�¢�¢�=�Â�=�¢�É���ì�–���8�=�1�8���ì�–���Ö�Ò�Ò�š�� 
was measured with a relaxation time of  
3.3 picoseconds, opening an avenue towards 
ultrafast photonic applications. Plasmonic 
nanorods that can be strongly coupled to a 
plasmonic waveguide were also demonstrated, 
providing two new hybrid resonance modes 
���È�8�=���=�¢�=�^�1���	�8�ì�Ž�ì�	�¢���Ž�=�–�¢�=�	�–���g�/�����g�¢�8���1�«�=�����������Š�–�=�S�g�^�6
�^���ì�Ž�6�Ó���Ž�g���[�g�����–���ì�^�����S�g�	�ì�S�=�Ó�������–�«�Ž�/�ì�	�����Š�S�ì�–�[�g�^��
�[�g�����–�����·�8�=�–���–�Š���	�=�à�	���[���¢�8�g�����8�ì�–���¢�8�����Š�g�¢���^�¢�=�ì�S��
�¢�g���������«�–�������¢�g���1���^���Ž�ì�¢�����ì�^�����[�ì�^�=�Š�«�S�ì�¢�������Š�–�=�S�g�^�6
�^���ì�Ž�6�Ó���Ž�g���[�����=�ì�����·�ì�P�=�^�1���ì���Â�ì�^�¢�ì�1�����g�/���¢�8����
vanishing index of the substrate, the spectral 
position of the plasmonic resonance can further 
be tuned to a particular narrow spectral range 
�^���ì�Ž���¢�8�������Š�–�=�S�g�^�6�^���ì�Ž�6�Ó���Ž�g���Ã�ì�Â���S���^�1�¢�8���/�g�Ž��
photonic applications. 

�ž�S�ì�–�[�g�^�=�	���^�ì�^�g�–�¢�Ž�«�	�¢�«�Ž���–���g�^���/�r�ç���[�����=�ì���(�/�Ž�g�[���¢���/�����Ø�)��
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 �y Ultrafast carrier dynamics in photoactive thin 
�à�S�[�–���ì�^�����ì���Š�S�ì�–�[�g�^�=�	�����g�–���6�/�=�^�–�¢���=�^���	�g�^�����^�–�ì�¢���� 
An optical method to monitor charge carrier 
migration on the picosecond time scale in thin 
�–���[�=�	�g�^���«�	�¢�g�Ž���à�S�[�–���Ã�ì�–�������Â���S�g�Š���������É�=���S���=�^�1��
enhanced photocatalytic performance of ALD 
grown TiO2���Š�8�g�¢�g�ì�^�g�����–�����ª�«���6�Š�=�	�g�–���	�g�^����
���É�^�ì�[�=�	�–���g�/���ì�����g�–���6�/�=�^�–�¢���=�^���	�g�^�����^�–�ì�¢�����=�^���ì��
lattice of plasmonic nanoparticles overlaid 
�Ã�=�¢�8���á�«�g�Ž���–�	���^�¢�����É�����[�g�S���	�«�S�����–�g�S�«�¢�=�g�^���Ã���Ž����
further studied, exhibiting crossover from 
�g�^���6���=�[���^�–�=�g�^�ì�S���S�ì�–�=�^�1���¢�g���¢�Ã�g�6���=�[���^�–�=�g�^�ì�S��
�	�g�^�����^�–�ì�¢�=�g�^���Ã�=�¢�8���=�^�	�Ž���ì�–�=�^�1���Š�«�[�Š���á�«���^�	����

 �y Engineering novel nanomaterials and 
micromaterials containing glasses:  The 
possibility to tailor Er 3+ glass composition (e.g. 
increase the thermal stability of the glass 
without modifying the bulk crystallization, 
enhance spectroscopic properties with electron 
and protons irradiations) was demonstrated with 
�Š�g�¢���^�¢�=�ì�S���ì�Š�Š�S�=�	�ì�¢�=�g�^�–���=�^���g�Š�¢�=�	�ì�S���à�����Ž���/�ì���Ž�=�	�ì�¢�=�g�^����
�·�8�����«�–�����g�/���–���	�g�^���6�8�ì�Ž�[�g�^�=�	���1���^���Ž�ì�¢�=�g�^��
microscopy was further applied to obtain 
�¢�8�Ž�����6���=�[���^�–�=�g�^�ì�S���=�[�ì�1�����=�^���=�Â�=���«�ì�S���S�«�[�=�^���–�	���^�¢��
particles embedded in glass, revealing for the 
�à�Ž�–�¢���¢�=�[�����¢�8�����Š�Ž���–���^�	�����g�/���[�=�	�Ž�g�[���¢���Ž�6�–�=�Ó������
domains in such particles.

 �y Photonics integration platforms:  GaInNAs lasers 
on Si/SiGe substrates were fabricated and the 
growth of GaAs nanowires was investigated 
�/�g�Ž�����=�Û���Ž���^�¢�����–���–�Š���	�=���–���*���–2 and As4). A novel 
�ì�^�����–�=�[�Š�S�����/�ì���Ž�=�	�ì�¢�=�g�^���[���¢�8�g�����¢�g���/�g�Ž�[���	�g�–�¢�6
���Û���	�¢�=�Â�������Ž���=�«�[�6���g�Š�������Ã�ì�Â���1�«�=�������ì�[�Š�S�=�à���Ž�–���g�^��
silicon was also introduced, which constitutes 
�ì�^���=�[�Š�g�Ž�¢�ì�^�¢���–�¢���Š���¢�g�Ã�ì�Ž���–�������Â���S�g�Š�=�^�1���	�g�–�¢�6
���Û���	�¢�=�Â�����ì�	�¢�=�Â�������«�=�S���=�^�1�����S�g�	�P�–���g�^���¢�8�����–�=�S�=�	�g�^��
photonic platform.

�¿�Š�	�g�[�=�^�1�������Â���S�g�Š�[���^�¢�–
 �y Nonlinear plasmonic metasurfaces (TAU/

UEF/Aalto) : we will investigate plasmonic 
metasurfaces exhibiting tunable surface 
lattice resonances. Preliminary calculations 
suggest that changes in device transmittances 
should already be observed when moderate 
temperature changes (tens of degrees) 
�ì�Ž�����ì�Š�Š�S�=���������ª���	�g�^���6�8�ì�Ž�[�g�^�=�	���1���^���Ž�ì�¢�=�g�^��
experiments on a new sample design are 
ongoing targeting an even larger enhancement 
close to 1,000.

 �y �/�Š�–�=�S�g�^�6�^���ì�Ž�6�Ó���Ž�g���[���¢�ì�[�ì�¢���Ž�=�ì�S�–���*�·���¿�����ì�S�¢�g�+�� 
cylindrical waveguides with alternating metal 
and dielectric thin layers will be studied with 
the aim to optimize the geometrical parameters 
�ì�^�����[�ì�¢���Ž�=�ì�S���¢�É�Š���–���ì�^���������[�g�^�–�¢�Ž�ì�¢�����–���S�/�6�Ž�g�S�S������
structured based metamaterials for wavefront 
�	�g�^�¢�Ž�g�S���ì�^�����8�=�1�8�6�Ž���–�g�S�«�¢�=�g�^���=�[�ì�1�=�^�1��

 �y New 1D and 2D nanomaterial fabrication and 
integration approaches (Aalto/UEF/VTT):  
Investigations on the fabrication of 1D (e.g. 
carbon nanotubes, nanowires) and 2D materials 
�*�����1�����1�Ž�ì�Š�8���^�����ì�^�����1�Ž�ì�Š�8�=�¢�=�	���	�ì�Ž���g�^���à�S�[�–�����·�o�(�–�+����
and their waveguide integration methods (e.g. 
�g�Š�¢�=�	�ì�S���à�����Ž�–�����–�S�g�¢���g�Ž���^�ì�^�g���Ã�ì�Â���1�«�=�����–�+���Ã�=�S�S��������
continued.

 �y �Ô�(���[�ì�¢���Ž�=�ì�S�–���/�g�Ž���•�«�ì�^�¢�«�[���g�Š�¢�=�	�–���*�·���¿�����ì�S�¢�g�+: 
we will investigate 2D material as possible 
�^�g�Â���S���–�g�«�Ž�	���–���g�/���Š�8�g�¢�g�^���Š�ì�=�Ž�–���/�g�Ž���•�«�ì�^�¢�«�[��
optics experiments. Those systems are not 
�g�^�S�É���Š�Ž�g�[�=�–�=�^�1�����«�����¢�g���¢�8���=�Ž�����Ü�	�=���^�¢���^�g�^�S�=�^���ì�Ž��
optics responses and small scale, but they are 
also interesting as novel sources of photonic 
�•�«�ì�^�¢�«�[���–�¢�ì�¢���–�����«�����¢�g���Â�ì�^�=�–�8�=�^�1���Š�8�ì�–���6�[�ì�¢�	�8�=�^�1��
constraints.

 �y Development of integrated single photon 
sources (UEF/TAU/Aalto):  development and 
testing of integrated single photon sources 
through multiple patterning on GaAs substrates. 
We will also consider using various 1D and 2D 
�^�ì�^�g�[�ì�¢���Ž�=�ì�S�–���/�g�Ž���=�^�¢���1�Ž�ì�¢�������•�«�ì�^�¢�«�[���S�=�1�8�¢��
sources.

 �y A robust platform for selective growth of neural 
�^���¢�Ã�g�Ž�P�–���ì�^�������=�g�6�Š�8�g�¢�g�^�=�	���–���^�–�=�^�1���*�¿�/�F�+�� we 
ambition to combine the advantages of 3D 
skeleton structure and 2D graphene platform in 
�g�Ž�����Ž���¢�g���/�ì���Ž�=�	�ì�¢�������=�g�6�	�g�[�Š�ì�¢�=���S�������Õ�(���–�	�ì�Û�g�S����
supporting both selective growth of neural 
�^���¢�Ã�g�Ž�P���ì�^�������=�g�6�Š�8�g�¢�g�^�=�	���–���^�–�=�^�1�����·�8�����S�ì�–���Ž��
�–�	�Ž�«�����=�^�1���¢���	�8�^�=�•�«���������Â���S�g�Š�������=�^���¿�/�F�����^�ì���S�=�^�1��
the fabrication of arbitrary shaped 3D pattern on 
dielectric and/or semiconductor substrates (Si, 
SiO2, GaAs, etc) will be used for developing the 3D 
�–�	�ì�Û�g�S������

 �y �¿�Š�6�	�g�^�Â���Ž�–�=�g�^���=�^���Ô�(���[�ì�¢���Ž�=�ì�S�–�6���ì�–�������•�«�ì�^�¢�«�[��
dots (UEF/Aalto): ���·�8�����1�g�ì�S���=�–���¢�g���	�g�[���=�^�����«�Š�6
converting ions and graphene (and other 2D 
�[�ì�¢���Ž�=�ì�S�–�+���•�«�ì�^�¢�«�[�����g�¢�–���¢�g���ì�	�8�=���Â�����Š�Ž�����=�	�¢�ì���S����
and controlled level / parameters / statistics 
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�g�/���«�Š�6�	�g�^�Â���Ž�–�=�g�^�����[�=�–�–�=�g�^�����·�8�=�–���¢���	�8�^�g�S�g�1�É���=�–��
�¢�8���^���¢�g���������ì�Š�Š�S�=�������/�g�Ž���Ž���ì�S�=�Ó�=�^�1���8�=�1�8�6�–�Š�ì�¢�=�ì�S���ì�^����
�8�=�1�8�6�¢���[�Š�g�Ž�ì�S���Ž���–�g�S�«�¢�=�g�^�����ì�–�������g�^���•�«�ì�^�¢�«�[��
algorithms of images reconstruction in 
�B�¢�8���Ž�ì�Š���«�¢�=�	���Ã�=�^���g�Ã�C��

 �y Epitaxy of GaSbBi/GaSb compounds and 
integration (TAU/VTT):  The plan is to extend the 
operating wavelength range of GaSbBi materials 
�¢�g�Ã�ì�Ž���–���Õ���Ð�[���=�^�	�S�«���=�^�1���1�Ž�g�Ã�¢�8���g�^���H�ì���–���«�–�=�^�1��
the metamorphic approach, optimizing the 
growth of GaInNAs on Ge/SiGe targeting emission 
�ì�¢���Ó���Õ���Ð�[���ì�^���������[�g�^�–�¢�Ž�ì�¢�=�g�^���g�/���H�ì�T�^�r���–�ª�����H����
heterostructure for solar cells.

�ª���S���	�¢�������Ô�Ò�Ô�Ò���Š�«���S�=�	�ì�¢�=�g�^�–���g�/���×�ž�Ô
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�ì�^�1�S�����=�^���S�ì�Ž�1�����–�	�ì�S�����o�g�ª�Ô���8�g�[�g�–�¢�Ž�«�	�¢�«�Ž���–���C���r�ì�¢����
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���«�Ž�g�Š�=�«�[�6���g�Š�������–�¢�Ž�g�^�¢�=�«�[���ì�S�«�[�=�^�ì�¢�����[�=�	�Ž�g�Š�ì�Ž�¢�=�	�S���–��
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7. D. Bychanok et al, “Terahertz optics of materials with 
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�×�ž�Õ���������Â�ì�^�	�������S�=�1�8�¢���–�g�«�Ž�	���–

�{�Â���Ž�Â�=���Ã
This WP develops lasers with properties tailored 
�/�g�Ž���–�Š���	�=�à�	���ì�Š�Š�S�=�	�ì�¢�=�g�^�–���=�^�	�S�«���=�^�1���8�=�1�8�6�Š�g�Ã���Ž��
supercontinuum sources, novel GaSbBi/GaSb 
�8���¢���Ž�g�–�¢�Ž�«�	�¢�«�Ž���–���/�g�Ž���[�=���6�=�^�/�Ž�ì�Ž�������S�ì�–���Ž�����=�g�����–���g�Ž��
�8�É���Ž�=�����–�É�–�¢���[���=�^�	�g�Ž�Š�g�Ž�ì�¢�=�^�1���ª�=�����T�T�T�6�Ö�–�����g�Ž���1�Ž�ì�Š�8���^����
nanostructures enabling photonic integrated 
�–�g�«�Ž�	���–�����·�8�����[�=���6�=�^�/�Ž�ì�Ž�������Ã�ì�Â���S���^�1�¢�8���Ž�ì�^�1�����=�–��
�–�Š���	�=�à�	�ì�S�S�É���¢�ì�Ž�1���¢�������=�^���	�g�^�^���	�¢�=�g�^���Ã�=�¢�8���¢�8�����^�������–��
in WP4, but the WP also explores the possibility 

to exploit recent advances of nanotechnology and 
new materials to develop nonclassical light sources 
�ì�^�����Š�S�ì�–�[�g�^�=�	���S�ì�–���Ž�–���/�g�Ž���•�«�ì�^�¢�«�[���¢���	�8�^�g�S�g�1�É��
applications.

�ª���S���	�¢�������Ô�Ò�Ô�Ò���O�=�1�8�S�=�1�8�¢�–
 �y �g�g�Ã�6�^�g�=�–�����[�=���6�=�^�/�Ž�ì�Ž�������–�«�Š���Ž�	�g�^�¢�=�^�«�«�[��

generation (TAU): ���·�8�����1���^���Ž�ì�¢�=�g�^���g�/���ì���S�g�Ã�6�^�g�=�–������
�g�	�¢�ì�Â���6�–�Š�ì�^�^�=�^�1���[�=���6�=�^�/�Ž�ì�Ž�������–�«�Š���Ž�	�g�^�¢�=�^�«�«�[��
extending from 1,700 to 4,800 nm was 
�����[�g�^�–�¢�Ž�ì�¢�������=�^���ì���[�«�S�¢�=�[�g�������–�¢���Š�6�=�^�����È��
�	�8�ì�S�	�g�1���^�=�������à�����Ž���Ã�=�¢�8���Ó�Ò�Ò���Ð�[���	�g�Ž�������=�ì�[���¢���Ž����
A systematic study of the intensity noise across 
the supercontinuum spectrum shows that the 
�=�^�=�¢�=�ì�S���á�«�	�¢�«�ì�¢�=�g�^�–���g�/���¢�8�����Š�«�[�Š���S�ì�–���Ž���ì�Ž�����ì�¢���[�g�–�¢��
�ì�[�Š�S�=�à���������É���ì���/�ì�	�¢�g�Ž���g�/���¢�8�Ž���������Ã�8�=�	�8���=�–���[�g�Ž����
than an order of magnitude less than previously 
reported results that used an anomalous 
dispersion pumping approach. The results 
open up novel perspectives for many practical 
�ì�Š�Š�S�=�	�ì�¢�=�g�^�–���–�«�	�8���ì�–���S�g�^�1�6���=�–�¢�ì�^�	�����Ž���[�g�¢����
sensing where high power and low noise are 
paramount.

 �y �·�«�^�ì���S�����[�=���6�=�^�/�Ž�ì�Ž�������S�ì�–���Ž���*�·���¿���Ö�·�·�+�� Combining 
�T�T�T�3�Ö���¢���	�8�^�g�S�g�1�É���ì�^�����–�=�S�=�	�g�^�6�g�^�6�=�^�–�«�S�ì�¢�g�Ž��
platform, we have demonstrated a tunable 
laser over more than 70 nm in the range 
�Ô���Ø�3�Ô���Ù���[�=�	�Ž�g�^�–���Ž�ì�^�1�����Ã�=�¢�8���[�×�6�S���Â���S���g�«�¢�Š�«�¢��
power. The tuning was achieved using a Vernier 
���Û���	�¢���Š�Ž�g�Â�=�����������É���¢�Ã�g���[�=�	�Ž�g�6�Ž�=�^�1���Ž���–�g�^�ì�¢�g�Ž�–��

�g�g�Ã�6�^�g�=�–�����[�=���6�=�^�/�Ž�ì�Ž�������–�«�Š���Ž�	�g�^�¢�=�^�«�«�[���1���^���Ž�ì�¢�=�g�^���=�^���ì��
�[�«�S�¢�=�[�g�������	�8�ì�S�	�g�1���^�=�������à�����Ž���(�/�Ž�g�[���¢���/�����Ô�)����
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�=�[�Š�S���[���^�¢�������=�^���–�=�S�=�	�g�^�6�g�^�6�=�^�–�«�S�ì�¢�g�Ž�����·�8����
�ì�Š�Š�Ž�g�ì�	�8���	�«�Ž�Ž���^�¢�S�É���«�–���–�����«�¢�¢�6�	�g�«�Š�S�=�^�1���Ã�=�¢�8���¢�8����
�H�ì�ª���6���ì�–�������1�ì�=�^���	�8�=�Š�–�������«�¢���Ž���[�ì�Ž�P�ì���S�����Š�Ž�g�1�Ž���–�–��
�Ã�ì�–���ì�S�–�g���ì�	�8�=���Â�������=�^���á�=�Š�6�	�8�=�Š���[�g�«�^�¢�=�^�1�����·�8�=�–��
�����[�g�^�–�¢�Ž�ì�¢�=�g�^���Ž���Š�Ž���–���^�¢�–���¢�8�����–�¢�ì�¢���6�g�/�6�¢�8���6�ì�Ž�¢���=�^��
the area of emerging photonic integrated circuits 
�[�=���6�=�^�/�Ž�ì�Ž�������¢�«�^�ì���S�����S�ì�–���Ž�–����

 �y �O�É���Ž�=�����S�=�1�8�¢���–�g�«�Ž�	���–���*�¿�/�F�+�� a TiO2/SiO2/TiO2���–�¢�Ž�=�Š�6
loaded horizontal slot waveguide for routing the 
emission of a microdisk laser was successfully 
demonstrated. The active region of the laser 
contains optically pumped InAs/InGaAs/GaAs 
�•�«�ì�^�¢�«�[�����g�¢�–���Ã�=�¢�8���	�g�^�¢�=�^�«�g�«�–���Ã�ì�Â�����g�Š���Ž�ì�¢�=�g�^��
at 1,290 nm. Atomic layer deposition was used 
for the fabrication of the waveguide covering 
�¢�8�����Ó�Ò�6�Ð�[�6���=�ì�[���¢���Ž�����=�–�P�����{�^�	�����S�=�1�8�¢���=�–���S�g�	�ì�S�=�Ó������
inside this planar waveguide, a loading strip 
�	�Ž���ì�¢���–���ì�^�����Û���	�¢�=�Â�����=�^�����È�����=�Û���Ž���^�	�������Ã�8�=�	�8���=�–��
�–�«�Ü�	�=���^�¢���¢�g���	�g�^�à�^�����¢�8�����[�g�������S�ì�¢���Ž�ì�S�S�É���ì�^�����S���ì���–��
to the guiding of the lasing emission.

�¿�Š�	�g�[�=�^�1�������Â���S�g�Š�[���^�¢�–
 �y �ž�S�ì�–�[�g�^�=�	���^�ì�^�g�S�ì�–���Ž�����ì�–�������g�^���•�«�ì�^�¢�«�[�����g�¢�–���=�^��

nanopilars (TAU/UEF/Aalto):  Combining epitaxy, 
nanofabrication, and atomic layer deposition 
passivation we plan to develop plasmonic 
�^�ì�^�g�S�ì�–���Ž�����ì�–�������g�^���•�«�ì�^�¢�«�[�����g�¢�–���=�^���^�ì�^�g�Š�=�S�ì�Ž�–����
�����à�Ž�–�¢�����–�–���^�¢�=�ì�S���–�¢���Š���8�ì�–���ì�S�Ž���ì���É���������^���ì�	�8�=���Â������
�Ã�=�¢�8���–�«�Ž�/�ì�	�����•�«�ì�^�¢�«�[�����g�¢���Š�ì�–�–�=�Â�ì�¢�=�g�^����
demonstrating that emission properties can be 
preserved in the proximity of GaAs interfaces.

 �y �O�É���Ž�=���6�=�^�¢���1�Ž�ì�¢�=�g�^���g�/���T�T�T�3�Ö���	�g�[�Š�g�^���^�¢�–���g�^���ª�=�ž�8��
(TAU/VTT):���g�«�Ž���Ã�g�Ž�P���¢�g�Ã�ì�Ž���–���8�É���Ž�=���6�=�^�¢���1�Ž�ì�¢�=�g�^��
of various III–V components on SiPh will continue, 
aiming at improving the yield and demonstrating 
�=�[�Š�Ž�g�Â�������Š���Ž�/�g�Ž�[�ì�^�	�����=�^���¢�8�����[�=���6�=�^�/�Ž�ì�Ž������

�ª���S���	�¢�������Š�«���S�=�–�8�������Š�ì�Š���Ž�–���Ž���1�ì�Ž���=�^�1���S�=�1�8�¢��
�–�g�«�Ž�	���–
1. G. Genty, L. Salmela, J. M Dudley, D. Brunner, A. 

Kokhanovskiy, S. Kobtsev, and S. K Turitsyn, “Machine 
�S���ì�Ž�^�=�^�1���ì�^�����ì�Š�Š�S�=�	�ì�¢�=�g�^�–���=�^���«�S�¢�Ž�ì�/�ì�–�¢���Š�8�g�¢�g�^�=�	�–���C���r�ì�¢����
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�Ô���Ø���Ð�[���«�–�=�^�1���–�=�S�=�	�g�^���Š�8�g�¢�g�^�=�	�–���Ž���–�g�^�ì�¢�g�Ž�–���g�Ž�����È�¢���Ž�^�ì�S��
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(2020).

5. �O�����·�«�g�Ž�=�S�ì�����c�����Ö�=�8���Ž�=�û�S�û�����r�����ç�=�ì�����o�����!�8���Ž�	�8�=�����o�����O�ì�Ž�M�ì�^�^�������¢����
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�ì�	�¢�=�Â�����H�ì���–�6���ì�–�������g�Š�¢�g���S���	�¢�Ž�g�^�=�	�������Â�=�	���–���/�g�Ž���S�g�Ã�6�S�g�–�–��
�–�=�S�=�	�g�^���Š�8�g�¢�g�^�=�	�–���=�^�¢���1�Ž�ì�¢�=�g�^���C���{�Š�¢�����g���¢�¢�����Ö�×�����Û�Ö�Õ�6�Û�Ö�Ø��
(2020).

6. �ž�8�«�^�1�����O�6�o�������e�ì�8�S�������O�������ž���^�¢�¢�=�^���^�����c�6�ž�������¢�ì�M�ì�S�ì�����ž�������¢�ì�^�¢�ì����
S. & Guina, M., “Power scaling and thermal lensing in 
�Ú�Ô�×���^�[�����[�=�¢�¢�=�^�1���[���[���Ž�ì�^�������È�¢���Ž�^�ì�S�6�	�ì�Â�=�¢�É���–�«�Ž�/�ì�	���6
���[�=�¢�¢�=�^�1���S�ì�–���Ž�–���C���{�Š�¢�����g���¢�¢�����Ö�×�����×�Ö�Ù�6�×�×�Ò���*�Ô�Ò�Ô�Ò�+��

�×�ž�Ö�������Š�Š�S�=�������Ž���–���ì�Ž�	�8

�{�Â���Ž�Â�=���Ã
WP4 focuses on three spearheads areas where 
PREIN partners have a strong synergy, including 
portable and disposable sensors, Lidar technology, 
and solar energy. These application areas have been 
�Š�Ž�=�g�Ž�=�¢�=�Ó�������=�^���¢�8�����à�Ž�–�¢���É���ì�Ž�–���g�/���¢�8�����á�ì�1�–�8�=�Š���Š�Ž�g�1�Ž�ì�[����
whereas other areas such as e.g. augmented/
�Â�=�Ž�¢�«�ì�S���Ž���ì�S�=�¢�É���ì�^�����•�«�ì�^�¢�«�[���g�Š�¢�=�	�–���Ã�=�S�S���������1�Ž�ì���«�ì�S�S�É��
included over the years.

�ª���S���	�¢�������Ô�Ò�Ô�Ò���O�=�1�8�S�=�1�8�¢�–
 �y Optical detection of microplastic in water bodies 

(UEF): Optical methods such as transmission, 
�Ž���/�Ž�ì�	�¢�=�Â�����=�^�����È�����=�Û���Ž���^�	�������–���	�g�^���������Ž�=�Â�ì�¢�=�Â����
of transmission, and speckle pattern contrast 
have been successfully implemented to identify 
�Š�S�ì�–�¢�=�	�–���g�/�����=�Û���Ž���^�¢���¢�É�Š���–���ì�^�����–�8�ì�Š���–���=�^���Ã�ì�¢���Ž��
�ì�^�����à�S�¢�Ž�ì�¢�������–�S�«���1�����–�ì�[�Š�S���–�����·�8�����Ž���–�«�S�¢�–��
have been compared to standard Raman 
measurements.

 �y �¢�g�S�S�6�¢�g�6�Ž�g�S�S���[�ì�^�«�/�ì�	�¢�«�Ž�=�^�1���g�/���=�^�¢���1�Ž�ì�¢������
immunodetection sensors (VTT): ���¢�g�S�S�6�¢�g�6�Ž�g�S�S��
�/�ì���Ž�=�	�ì�¢�=�g�^���Š�Ž�g�	���–�–���Ã�ì�–�������[�g�^�–�¢�Ž�ì�¢�������/�g�Ž���S�ì�Ž�1���6��
�–�	�ì�S�����[�ì�^�«�/�ì�	�¢�«�Ž�=�^�1���g�/�����=�–�Š�g�–�ì���S�����[�=�	�Ž�g�á�«�=���=�	��
�����Â�=�	���–���/�g�Ž���á�«�g�Ž���–�	���^�	���6���ì�–�������=�[�[�«�^�g�ì�–�–�ì�É�–��
with optical readout.

 �y �ª�«�Ž�/�ì�	���6�/�^�8�ì�^�	�������¢�ì�[�ì�^���ª�Š���	�¢�Ž�g�–�	�g�Š�É���g�/��
single organic molecules and living cells on 
�1�g�S���6�Š�S�ì�¢���������S�ì�	�P���–�=�S�=�	�g�^���*�¿�/�F�+�� Black silicon/gold 
substrates have been developed to visualize the 
characteristic bands of nucleic acids, proteins 
�ì�^�����S�=�Š�=���–���=�^���¢�8�����B�à�^�1���Ž�Š�Ž�=�^�¢�C���ª�/�¢�ª���–�Š���	�¢�Ž�«�[��
region with low excitation intensities and short 
accumulation time.
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 �y �O���¢���Ž�g�Â�ì�S���^�¢�����6�–�=�¢�����	�g�6�ì�S�S�g�É�=�^�1���=�^���¢�=�^�6���ì�–������
nanocrystals (TAU): ���¢�=�^�6�1���Ž�[�ì�^�=�«�[���^�ì�^�g�	�Ž�É�–�¢�ì�S�–��
�8�ì�Â�����������^���–�É�^�¢�8���–�=�Ó�������/�g�Ž���¢�8�����à�Ž�–�¢�6�¢�=�[�������É���ì�����7
�–�=�¢�����	�g�7�ì�S�S�g�É�=�^�1���–�¢�Ž�ì�¢���1�É�����·�8�����=�^�¢�Ž�g���«�	�¢�=�g�^���g�/���H����
���Û���	�¢�=�Â���S�É�������	�Ž���ì�–���–���¢�8�����8�=�1�8�������^�–�=�¢�É���g�/���=�^�¢�Ž�=�^�–�=�	��
Sn defects, resulting in an extended excitonic 
lifetime and enhanced solar cell performance.

 �y �g�g�Ã�6�	�g�–�¢���g�Ž�1�ì�^�=�	���Š�8�g�¢�g�Â�g�S�¢�ì�=�	�–���*�·���¿���Ö�·�·�+�� two 
�S�g�Ã�6�	�g�–�¢�����S���	�¢�Ž�g�^���¢�Ž�ì�^�–�Š�g�Ž�¢�=�^�1���[�ì�¢���Ž�=�ì�S�–���Ã���Ž����
designed and synthesized allowing to replace the 
�Š�Ž�=�	���É���/�«�S�S���Ž���^���6���ì�–�������g�^���–�����·�8�����[�ì�¢���Ž�=�ì�S�–���8�ì�Â����
been tested in organic photovoltaics at VTT. The 
�[�ì�¢���Ž�=�ì�S�–���ì�Ž�����Š�Ž�g�[�=�–�=�^�1�����É���¢���¢�8���É���Ž���•�«�=�Ž�����/�«�Ž�¢�8���Ž��
optimization.

 �y Compact and lightweight concentrated 
photovoltaic (CPV) panels (TAU/UEF):  CPV panels 
that aim for low weight, compact size and high 
���Ü�	�=���^�	�É���8�ì�Â�����������^�������Â���S�g�Š�����������{�«�Ž���1�g�ì�S���=�–���¢�g��
�����[�g�^�–�¢�Ž�ì�¢�����ˆ���Ö�Ò�š�����Ü�	�=���^�¢���–�g�S�ì�Ž���Š�ì�^���S�–���«�–�=�^�1��
dilute nitride based solar cells developed at TAU 
�*�{�¢�!�������/�¢�!�����o�/�·�T�ª�·���Š�Ž�g�M���	�¢�+���=�^���	�g�^�^���	�¢�=�g�^���Ã�=�¢�8��
�–�¢�ì�¢���6�g�/�6�¢�8���6�ì�Ž�¢���g�Š�¢�=�	�–�������Â���S�g�Š�������ì�^�����/�ì���Ž�=�	�ì�¢������
�ì�¢���¿�/�F�����F�=�1�«�Ž�����Ó���–�8�g�Ã�–���¢�8�����à�Ž�–�¢�������[�g�^�–�¢�Ž�ì�¢�=�g�^��
�¢�8�ì�¢���–�8�g�Ã�������«�Š���¢�g���Ô�Ú�š�����Ü�	�=���^�	�É��

 �y Charge transfer optimized ALD TiO 2���Š�8�g�¢�g�6
catalyst for solar energy applications (TAU):  
A combination of ALD grown TiO 2���ì�^�����–���•�«���^�¢�=�ì�S��
�8���ì�¢�6�¢�Ž���ì�¢�[���^�¢���Ã�ì�–���–�8�g�Ã�^���¢�g���Ž���–�«�S�¢���=�^���S�g�^�1��
charge carrier lifetime at temperatures as low 
as 300 °C, which enables a usage of temperature 
sensitive materials such as polymers in the 
process.

�¿�Š�	�g�[�=�^�1�������Â���S�g�Š�[���^�¢�–
 �y Development of a portable device for the 

detection of microplastics in water (UEF/TAU): 
We are currently studying the possibility to 
integrate into one sensor cell the robust optical 

�¢���	�8�^�=�•�«���–���«�–�=�^�1���Õ�(���Š�Ž�=�^�¢�=�^�1���g�Š�¢�=�	�ì�S�����S���[���^�¢�–��
�ì�^�����S�g�Ã�6�	�g�–�¢�������¢���	�¢�g�Ž����

 �y Toroidal lenses (UEF/VTT): New types of lenses 
have been 3D printed at UEF and sent for lidar 
characterization at VTT. The goal is to focus light 
�/�Ž�g�[���g�^�6�	�8�=�Š���S�=���ì�Ž�–��

 �y �o�«�S�¢�=�6�Š�ì�–�–���Š�8�g�¢�g�ì�	�g�«�–�¢�=�	���–�Š���	�¢�Ž�g�–�	�g�Š�É���/�g�Ž��
radiocarbon detection (VTT/TAU): A combination 
�g�/���[�«�S�¢�=�6�Š�ì�–�–���	���S�S���ì�^�����	�ì�^�¢�=�S���Â���Ž�6���^�8�ì�^�	������
photoacoustic detector is used to develop a 
highly sensitive and compact system for the 
monitoring of radiocarbon via the detection of 
14CO2. 

�T�^�	�Ž���ì�–�����g�/���	�8�ì�Ž�1�����	�ì�Ž�Ž�=���Ž���S�=�/���¢�=�[�������É���8���ì�¢�6�¢�Ž���ì�¢�[���^�¢���/�g�Ž��
���g�(���·�=�{2���¢�8�=�^���à�S�[�–���(�/�Ž�g�[���¢���/�����Ø�)��

�!�g�^�	���^�¢�Ž�ì�¢�������Š�8�g�¢�g�Â�g�S�¢�ì�=�	���Š�ì�^���S�������[�g�^�–�¢�Ž�ì�¢�=�g�^�����o�«�S�¢�=�6
�M�«�^�	�¢�=�g�^���–�g�S�ì�Ž���	���S�S�–���*�S���/�¢�+���ì�Ž�����Š�S�ì�	�������=�^���¢�8�����/�g�	�ì�S���Š�g�=�^�¢�–���g�/��

�¢�8�����Ö���È���Ö���S���^�–���ì�Ž�Ž�ì�É���*�Ž�=�1�8�¢�+����

�ž�Ž�=�^�¢�=�^�1���Š�Ž�g�	���–�–���*�S���/�¢�+���ì�^�������=�–�Š�g�–�ì���S�����[�=�	�Ž�g�á�«�=���=�	�������Â�=�	�����Ã�=�¢�8���/�«�S�S�����=�g�	�8���[�=�	�ì�S���¢���–�¢���=�^�	�S�«���������*�Ž�=�1�8�¢�+���(�/�Ž�g�[���¢���/�����Ó�)����
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 �y Green solvent engineering (TAU/VTT): We are 
�����–�=�1�^�=�^�1���^���Ã���g�Ž�1�ì�^�=�	���	�8�ì�Ž�1���6�¢�Ž�ì�^�–�Š�g�Ž�¢�=�^�1��
materials for OPVs that can be processed in 
green solvents towards truly sustainable OPVs.

 �y Stability perovskite (TAU/Aalto): We are 
optimizing the stability of perovskite solar cells 
���É�����g�Š�ì�^�¢�����^�1�=�^�����Ž�=�^�1���g�/���¢�8�����8�g�S���6�¢�Ž�ì�^�–�Š�g�Ž�¢�=�^�1��
�S�ì�É���Ž�����·�8�����[�g�–�¢���Š�Ž�g�[�=�–�=�^�1���	�g�^�à�1�«�Ž�ì�¢�=�g�^�–���ì�Ž����
sent to Aalto for accelerated ageing tests.

 �y Compact and lightweight concentrated 
photovoltaic panels (TAU/UEF/Aalto):  We are 
currently studying the possibility to develop 
�«�S�¢�Ž�ì�¢�8�=�^���g�Š�¢�=�	�–���/�g�Ž���–�«���6�	���^�¢�=�[���¢���Ž���¢�8�=�	�P���!�ž�Ö��
panels using imaging type lenses and solar cell 
chip miniaturization, which are also known as 
micro solar cells.

 �y Solar fuel production using TiO 2���6���ì�–�������Š�8�g�¢�g�^�=�	��
crystals (TAU/UEF):���¢�8�����à�Ž�–�¢���T�{���·�=�{2 structures 
will be fabricated at UEF and delivered to TAU for 
surface functionalization..

 �y �¿�S�¢�Ž�ì�6�8�=�1�8���•�«�ì�^�¢�«�[�����Ü�	�=���^�	�É���ª�=�6���ì�–�������–�g�S�ì�Ž���	���S�S��
for solar fuel production (TAU/Aalto): the delivery 
�g�/���à�Ž�–�¢���Š�8�g�¢�g���=�g�����–���*�Š�S�ì�^�ì�Ž���Ž���/���Ž���^�	���–�+���/�Ž�g�[��
���ì�S�¢�g���/�g�Ž�����g�(���!�«�6�·�=�{2 coating at TAU.

�ª���S���	�¢�������Ô�Ò�Ô�Ò���Š�«���S�=�	�ì�¢�=�g�^�–���g�/���×�ž�Ö
1. �!�����g�=�������Ž�¢�����g�����¢�ì�^�^�ì�–�¢�������������e�g�P�P�g�^���^�����{���6�O�����O�«�¢�¢�«�^���^����

�¢�����g�=�������Ž�¢�����c�����O�=�S�¢�«�^���^�����ì�^�����g�����O�ì�P�ì�S�ì�8�¢�=�����B�¢�g�S�S�6�¢�g�6�Ž�g�S�S��
manufacturing of integrated immunodetection 
�–���^�–�g�Ž�–���C�����!�ª���ª���^�–�g�Ž�–���×�����Ô�Ò�Ó�Ò���*�Ô�Ò�Ô�Ò�+��

2. �/�����c�«�^�1�����e�������«���Ó�=�^�ì�–�P�ì�«�–�����ª�����…�Ó�����F�����¿�^�S�°�����O�����e�«�8�^�����c����
Wagner, D. Grabowski, B. Klingebiel, M. Cherasse, J. 
Dong, P. Aversa, P. Vivo, T. Kirchartz, T. Miyasaka, P. 
van Loosdrecht, L. Perfetti, and S. Mathur, “Femto 
to microsecond dynamics of excited electrons in a 
�•�«�ì���Ž�«�Š�g�S�����	�ì�¢�=�g�^�–���Š���Ž�g�Â�–�P�=�¢�����C�����!�ª���/�^���Ž�1�É���g���¢�¢���Ž�–���×����
785 (2020). 

3. �o�����g�=�«�����O�����ž�ì�–�ì�^���^�����O�������S�=�6�g�q�É�¢�¢�É�����������O�=�S�¢�«�^���^�����e����
�g�ì�8�¢�g�^���^�����¡�����ª�É�����ì�����c���O�����ª�[���¢�¢�����o�����Ö�ì�S�����^�����r�����·�P�ì�	�8���^�P�g����
�ì�^�����ž�����Ö�=�Â�g�����B���6�–�=�¢�����	�g�6�ì�S�S�g�É�=�^�1���Ã�=�¢�8���1���Ž�[�ì�^�=�«�[��
�=�[�Š�Ž�g�Â���–���¢�8�������Ü�	�=���^�	�É���ì�^�����–�¢�ì���=�S�=�¢�É���g�/���ì�S�S�6�=�^�g�Ž�1�ì�^�=�	��
�¢�=�^�6���ì�–�������Š���Ž�g�Â�–�P�=�¢�����^�ì�^�g�	�Ž�É�–�¢�ì�S���–�g�S�ì�Ž���	���S�S�–���C�����^�1���Ã����
Chem. Int. Ed. 59, 22117 (2020). 

4. �o�����·�ì�S�8�ì���o�ì�–�g�g�������ª�����¡�«���–�=�ì�����o�����O�ì���ì���=�ì�^�����!�����×���=�^�����Ž�1���Ž����
M. Nyman, C. Ahläng, S. Dahlström, M. Liu, P. Vivo, R. 
�…�–�¢���Ž���ì�	�P�ì�����ì�^�����c���O�����ª�[���¢�¢�����B�T�^�Â���–�¢�=�1�ì�¢�=�g�^���g�/���Ã���S�S�6
�����à�^�������Š�=�^�8�g�S���–���=�^���·�=�{�Ô�����S���	�¢�Ž�g�^���–���S���	�¢�=�Â�����S�ì�É���Ž�–��
�«�–�������=�^���Š�S�ì�^�ì�Ž���8���¢���Ž�g�M�«�^�	�¢�=�g�^���Š���Ž�g�Â�–�P�=�¢�����–�g�S�ì�Ž���	���S�S�–���C��
Nanomaterials 10, 181 (2020).

5. J. Salunke, X. Guo, Z. Lin, N.R. Candeias, A. Priimagi, J. 
�!�8�ì�^�1�����ì�^�����ž�����Ö�=�Â�g�����B�r�6�–�«���–�¢�=�¢�«�¢�������Š�8���^�g�¢�8�=�ì�Ó�=�^���–���ì�–��
���^�Â�=�Ž�g�^�[���^�¢�ì�S�S�É���/�Ž�=���^���S�É���8�g�S���6�¢�Ž�ì�^�–�Š�g�Ž�¢�=�^�1���[�ì�¢���Ž�=�ì�S�–��

�/�g�Ž���S�g�Ã�6�	�g�–�¢���ì�^�����8�=�1�8�S�É���–�¢�ì���S�����8�ì�S�=�������Š���Ž�g�Â�–�P�=�¢�����–�g�S�ì�Ž��
�	���S�S�–�C�������!�ª���{�[���1�ì���×�����Ô�Õ�Õ�Õ�Ö���*�Ô�Ò�Ô�Ò�+����

6. �¢�����e�8�ì�^�����O�������S�=�6�g�q�É�¢�¢�É�����c�����ª�ì�ì�Ž�=�����o�����Ö�ì�S�����^�����������·�«�P�=�ì�=�^���^����
K. Lahtonen, and N. V. Tkachenko, “Optimization of 
photogenerated charge carrier lifetimes in ALD grown 
�·�=�{�Ô���/�g�Ž���Š�8�g�¢�g�^�=�	���ì�Š�Š�S�=�	�ì�¢�=�g�^�–�C�����r�ì�^�g�[�ì�¢���Ž�=�ì�S�–���Ó�Ò�����Ó�×�Ø�Ù��
(2020). 

7. �������O�«�¢�¢�«�^���^�����ª�������=�P�=�g�����o�����e�«�Ž�P�=�^���^�����c���6�·�����o�û�P�=�^���^�����¢����
�o�=�¢�=�P�P�ì�����g�����e�=�Â�=�[�û�P�=�����o�����O�ì�Ž�M�«�[�ì�ì�����c�����·�ì�P�ì�S�g�6�o�ì�¢�¢�=�S�ì�����!����
�g�=�������Ž�¢�����c�����O�=�S�¢�«�^���^�����ì�^�����g�����^�ì���O�ì�P�ì�S�ì�8�¢�=�����B�ž�g�Ž�¢�ì���S�����S�g�Ã�6
�	�g�–�¢���á�«�g�Ž���–�	���^�	�����Ž���ì�����Ž���/�g�Ž���g�F�����[���ì�–�«�Ž���[���^�¢�–���C���T�/�/�/��
Sensors Journal 20, 10275 (2020).

8. �ª�����¢���Â�g�M�«�����������o�ì�¢�«�8�=�^�ì�����g�����!�ì�^�=�S�����O�����ª�ì�S�g�^���^�����������O�=�S�¢�«�^���^����
�����������ì�¢�������ì�^�����ž�����Ö�=�Â�g�����B�ª�¢�Ž�«�	�¢�«�Ž���6�=�^���«�	�������g�Š�¢�g���S���	�¢�Ž�g�^�=�	��
�Š�Ž�g�Š���Ž�¢�=���–���g�/���Š�8���^�g�¢�8�=�ì�Ó�=�^���6���ì�–�������[�ì�¢���Ž�=�ì�S�–���C���c�����o�ì�¢���Ž����
Chem. C 8, 15486 (2020).

�×�ž�×�����·���	�8�^�g�S�g�1�É���¢�Ž�ì�^�–�/���Ž

�{�Â���Ž�Â�=���Ã
This work package deals with the creation and 
strengthening of collaboration between research 
institutions and companies. It involves the 
advertisement of possible commercialization 
opportunities of research work and guiding 
researchers through the process leading to market. 
Several measures have been undertaken towards 
�¢�8�����g���M���	�¢�=�Â���–���g�/���¢�8�=�–���×�ž��

�ª���S���	�¢�������Ô�Ò�Ô�Ò���O�=�1�8�S�=�1�8�¢�–
 �y Knowledge database: ���·�8�������=�Û���Ž���^�¢���ž�¢�/�T�r��

partners possess expertise and knowledge 
reaching far beyond optics. We have collected 
the skills and knowledge of the PREIN personnel, 
�/�Ž�g�[�����ì�Ž�S�É�6�–�¢�ì�1�����Ž���–���ì�Ž�	�8���Ž�–���¢�g���Š�Ž�g�/���–�–�g�Ž�–�����·�8�=�–��
�ì�S�S�g�Ã�–���«�–���¢�g�����–�¢�ì���S�=�–�8���•�«�=�	�P�S�É���ì�^�������Ü�	�=���^�¢�S�É���ì��
�S�=�^�P�������¢�Ã�����^���ì���	�g�[�Š�ì�^�É���Ž���•�«���–�¢���ì�^�����ì���Ž���–���ì�Ž�	�8��
institution.

 �y �×�����6���ì�–�������	�g�^�¢�ì�	�¢���/�g�Ž�[�����¡�«���–�¢�=�g�^�–���g�Ž���Ž���•�«���–�¢�–��
from companies are usually very simple. In order 
to facilitate initial contacts and allow industrial 
�ì�	�¢�g�Ž�–���¢�g���M�g�=�^���¢�8�����ž�¢�/�T�r�����	�g�–�É�–�¢���[�����Ã�����8�ì�Â����
implemented a simple electronic registration 
form available from PREIN website. This allows 
us to identify company needs rapidly and contact 
researchers with the most suitable skills.

 �y �!�g�[�[���Ž�	�=�ì�S�=�Ó�ì�¢�=�g�^���Š�Ž�g�M���	�¢�� An important part of 
the activities of WP5 is to identify innovations 
within the research by PREIN partners. The 
potential for market reach and new opportunities 
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of the innovation are evaluated and developed 
�ì�^�����8���S�Š���=�–���g�Û���Ž�������=�^���–�����P�=�^�1���/�g�Ž���–�«�=�¢�ì���S����
�	�g�[�[���Ž�	�=�ì�S�=�Ó�ì�¢�=�g�^���Š�Ž�g�M���	�¢���/�«�^���=�^�1���=�^�–�¢�Ž�«�[���^�¢�–����
Two main schemes exist for this purpose: 
�Ž���–���ì�Ž�	�8���¢�g�����«�–�=�^���–�–���*�¢�Ô���+���Š�Ž�g�M���	�¢�–���ì�^�����O�Ô�Ò�Ô�Ò��
EU FET. PREIN has been successful in both 
(more than 10 R2B funded this year, and several 
�ì�Š�Š�S�=�	�ì�¢�=�g�^�–���¢�g���O�Ô�Ò�Ô�Ò���/�¿���F�/�·�+��

�¿�Š�	�g�[�=�^�1�������Â���S�g�Š�[���^�¢�–��
 �y Online training and experimental tutorials:  

�Ö�ì�Ž�=�g�«�–���¢�Ž�ì�=�^�=�^�1�–���Ã�=�S�S���������g�Û���Ž�������g�^�S�=�^�����=�^�	�S�«���=�^�1��
themes such as optical design, simulations 
with robust methods (FDTD, FMM), waveguide 
characterizations, microscopy and spectroscopy. 
Tutorials will be realized during 2021 and shared 
on the PREIN website.

 �y �T�^���«�–�¢�Ž�É�6���Ž�=�Â���^���Ã�g�Ž�P�–�8�g�Š�–�� We are currently in 
the process of identifying the most important 
�^�������–���g�/���¢�8�����Š�8�g�¢�g�^�=�	�–�6�Ž���S�ì�¢�������=�^���«�–�¢�Ž�É���–���	�¢�g�Ž��
and we are preparing a series of short online 
�Ã�g�Ž�P�–�8�g�Š�–���Ã�=�¢�8���Â�ì�Ž�=�g�«�–���¢�8���[���–���–�Š���	�=�à�	�ì�S�S�É��
intended to strengthen collaboration with 
companies. This will stimulate the establishment 
of new consortia with the possibility to apply 
for funding solve industrial partners’ immediate 
problems.

 �y Commercialization campaign in universities:  We 
aim at promoting research for industry and the 
creation of startups by meetings in universities. 
�×�����Ã�=�S�S���ì�S�–�g���¢�ì�Ž�1���¢���^�g�^�6�Š�8�g�¢�g�^�=�	�–���Ž���–���ì�Ž�	�8��
groups in order to promote photonics as an 
enabling technology.

�/�S���	�¢�Ž�g�^�=�	���/�g�Ž�[���¢�g���M�g�=�^���¢�8�����ž�¢�/�T�r�����	�g�–�É�–�¢���[��
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�¢���–���ì�Ž�	�8���g�«�¢�Š�«�¢�–��
The number of publications remains stable as compared to 2019 with 
�Ô�Ö�Õ���ì�Ž�¢�=�	�S���–���*�Â�–�����Ô�Ø�Õ���=�^���Ô�Ò�Ó�Û�+���ì�^�����¢�8�����^�«�[�����Ž���g�/���M�g�=�^�¢���Š�«���S�=�	�ì�¢�=�g�^�–���–�S�=�1�8�¢�S�É��
increased from 29 to 32. Detailed bibliometric analysis conducted with  
�ª�	�g�Š�«�–���ª�	�=�Ö�ì�S���–�8�g�Ã�–���¢�8�ì�¢���ž�¢�/�T�r���Ž���–���ì�Ž�	�8���=�–���8�=�1�8�S�É���=�^�á�«���^�¢�=�ì�S�����·�8�����à���S���6
�Ã���=�1�8�¢�������	�=�¢�ì�¢�=�g�^���=�[�Š�ì�	�¢���/�g�Ž���ž�¢�/�T�r�6�ì�Ü�S�=�ì�¢�������Š�«���S�=�	�ì�¢�=�g�^�–���=�–���	�g�^�–�=�–�¢���^�¢�S�É��
higher than the national average and articles from PREIN researchers  are 
�Š�«���S�=�–�8�������=�^���8�=�1�8�6�=�[�Š�ì�	�¢���M�g�«�Ž�^�ì�S�–���[�«�	�8���[�g�Ž�����Ž���1�«�S�ì�Ž�S�É���¢�8�ì�^���¢�8�����^�ì�¢�=�g�^�ì�S��
average. Approximately 40% of PREIN articles in 2020 were published in 
�¢�8�����¢�g�Š���Ó�Ò�š���M�g�«�Ž�^�ì�S�–���=�^���¢�8���=�Ž���Ž���–�Š���	�¢�=�Â�����à���S���–�����·�8�����Š���Ž�	���^�¢�ì�1�����g�/���ž�¢�/�T�r��
publications in the top cited papers is rising, reaching as high as 14%. 
���^�g�¢�8���Ž���=�[�Š�g�Ž�¢�ì�^�¢���ì�–�Š���	�¢���=�–���¢�8�����ì�	�	���–�–�=���=�S�=�¢�É���g�/���ž�¢�/�T�r���–�	�=���^�¢�=�à�	���g�«�¢�Š�«�¢��
with 55% of published articles in 2020 in open access. While this is 
more than satisfactory (the average in Europe was 36% in 2018), PREIN 
is aiming to increase this fraction even more in the coming years. Key 
phrase analysis showed that a number of very active research areas 
�Ž���á���	�¢���¢�8�����×�ž���–�¢�Ž�«�	�¢�«�Ž�����g�/���ž�¢�/�T�r���Ã���S�S��

55%
of publications 
are open access

32
Publications 
�=�^���8�=�1�8�6�=�[�Š�ì�	�¢��
�*�T�F�ˆ�Ú�+���M�g�«�Ž�^�ì�S�–

14%
Top cited  
papers

�ž�¢�/�T�r���Ô�Ò�Ô�Ò���Š�«���S�=�	�ì�¢�=�g�^�–�����É���M�g�«�Ž�^�ì�S�–���*�g�^�S�É���M�g�«�Ž�^�ì�S�–���Ã�=�¢�8���[�g�Ž���� 
�¢�8�ì�^���Õ���Š�«���S�=�	�ì�¢�=�g�^�–���ì�Ž�����–�8�g�Ã�^�+��

�e���É���Š�8�Ž�ì�–�����ì�^�ì�S�É�–�=�–���g�/���¢�8�����Ž���–���ì�Ž�	�8��
�Š�«���S�=�–�8�������=�^���Ô�Ò�Ô�Ò���8�=�1�8�S�=�1�8�¢�=�^�1���¢�8����

�[�g�–�¢���ì�	�¢�=�Â�����Ž���–���ì�Ž�	�8���ì�Ž���ì�–����
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�·�g�Š���Ó�Ò�� 
�	�g�S�S�ì���g�Ž�ì�¢�=�g�^���	�g�«�^�¢�Ž�=���–��
�Ó���� �¢�«�–�–�=�ì
�Ô���� �!�8�=�^�ì
�Õ���� �H���Ž�[�ì�^�É
�Ö���� �¿�^�=�¢�������e�=�^�1���g�[
�×���� �¿�^�=�¢�������ª�¢�ì�¢���–
�Ø���� �F�Ž�ì�^�	��
�Ù���� �T�¢�ì�S�É
�Ú���� �����S�ì�Ž�«�–
�Û���� �g�=�¢�8�«�ì�^�=�ì
�Ó�Ò���� �!�ì�^�ì���ì

�T�^�¢���Ž�^�ì�¢�=�g�^�ì�S���^���¢�Ã�g�Ž�P
PREIN has an extensive international network of 
collaborators. Our researchers collaborate with 
many key universities in Russia, China, Germany, 
UK, USA, and France. 70% of PREIN publications 
included at least one international collaboration in 
2020. The list of TOP 10 cooperation countries in 
2020 portrays the wide geographical distribution of 
international partner universities. There was little 
change in the partner geographical distribution of 
�Š�ì�Ž�¢�^���Ž�–���ì�–���	�g�[�Š�ì�Ž�������¢�g���Ô�Ò�Ó�Û�����·�8�����^�«�[�����Ž���g�/���S�g�^�1�6
�¢���Ž�[���Ž���–���ì�Ž�	�8���Â�=�–�=�¢�–���Ã�ì�–���–�=�1�^�=�à�	�ì�^�¢�S�É���Ž�����«�	���������«�����¢�g��
�¢�8�����!�{�Ö�T�(�6�Ó�Û���Ž���–�¢�Ž�=�	�¢�=�g�^�–���g�^���¢�Ž�ì�Â���S�S�=�^�1���ì�^�������È�	�8�ì�^�1����
practices in Finnish and foreign universities.

�ž�¢�/�T�r���=�^�¢���Ž�^�ì�¢�=�g�^�ì�S���	�g�S�S�ì���g�Ž�ì�¢�=�g�^���^���¢�Ã�g�Ž�P�����!�g�S�g�Ž���=�^���=�	�ì�¢���–���¢�8�����^�«�[�����Ž���g�/���M�g�=�^�¢��
�–�	�8�g�S�ì�Ž�S�É���g�«�¢�Š�«�¢���Ã�=�¢�8���=�^�–�¢�=�¢�«�¢�=�g�^�–���g�/���ì���Š�ì�Ž�¢�=�	�«�S�ì�Ž���	�g�«�^�¢�Ž�É����

>160
International 
collaborations  
in publications

>280
Institutions  
collaborated  
with PREIN 
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�ž�¢�/�T�r�� 
�¢�=�[���S�=�^�����Ô�Ò�Ô�Ò

� o � / � / � · � T � r � H � ª � · � O � / � o � � � · � T � ! � � � { � ¿ � · � ¢ � / � � � ! � O � � � / � Ö � / � r � · � ª

� { � ¿ � · � ¢ � / � � � ! � O � � � / � Ö � / � r � · � ª � � � F � { � ¢ � � � ž � ¿ � � � g � T � !

� ž � ¢ � / � T � r � � � × � { � ¢ � e � ª � O � { � ž � � � / � Ö � / � r � · � ª� F � � � T � ¢ � ª

�c���r ���ž�¢�F�/�� �o���¢ �o���Ý �c�¿�r

8 th �����Š�Ž�=�S Management 
�H�Ž�g�«�Š���[�����¢�=�^�1���*�g�^�6�S�=�^���+

PREIN newsletter  
3/2020

�Ó�Ôth  June Management 
�H�Ž�g�«�Š���[�����¢�=�^�1���*�g�^�6�S�=�^���+

�Óst���6���Øth  Feb Photonics West Fair, 
San Francisco

2nd Feb LUMA representative 
�[�����¢�=�^�1���*�g�^�6�S�=�^���+

PREIN newsletter  
2/2020

�×th ���o�ì�Ž�	�8 Communications 
�Ž���Š�Ž���–���^�¢�ì�¢�=�Â�����[�����¢�=�^�1���*�g�^�6�S�=�^���+

�Øth ���o�ì�É Photonics Education 
�=�^���¢�8�����F�«�¢�«�Ž�����*�g�^�6�S�=�^���+

PREIN newsletter  
1/2020

8 th  Jan Management Group 
�[�����¢�=�^�1�����O���S�–�=�^�P�=

9 th ���6���Ó�Òth  Jan���ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É��
���g�ì�Ž�����[�����¢�=�^�1�����O���S�–�=�^�P�=

�Ô�Öth  Jan Steering Committee 
meeting, Tampere

�Ô�×th  Jan Tiedon valoa event /
TAU Tampere



23

�{�!�·���¿�H �ª�/�ž �r�{�Ö �(�/�!

�Ô�×th �����«�1���T�^���«�–�¢�Ž�É�6�¿�^�=�Â���Ž�–�=�¢�É��
�!�g�S�S�ì���g�Ž�ì�¢�=�g�^�����¿�/�F���*�g�^�6�S�=�^���+

PREIN newsletter 4/2020

�Öth ���ª���Š�¢ Management Group 
�[�����¢�=�^�1���*�g�^�6�S�=�^���+��

�Ó�×th ���ª���Š�¢ Communications 
�Ž���Š�Ž���–���^�¢�ì�¢�=�Â�����[�����¢�=�^�1���*�g�^�6�S�=�^���+

�×th ���6���Øth ���{�	�¢ Photonics4Agrifood 
�*�g�^�6�S�=�^���+

8 th ���{�	�¢ Shaking up Tech/ Aalto 
�*�g�^�6�S�=�^���+��

9 th ���{�	�¢ Millennium Youth Prize/ 
���ì�S�¢�g���*�g�^�6�S�=�^���+

9 th ���{�	�¢ PREIN Workshop:  
�g�=�1�8�¢���!�g�^�¢�Ž�g�S�����¿�/�F���*�g�^�6�S�=�^���+

�Ô�Óst���{�	�¢ Steering Committee 
�[�����¢�=�^�1���*�g�^�6�S�=�^���+

�Ô�Øth ���{�	�¢ Photonics for Food 
�*�g�^�6�S�=�^���+

�Ô�Øth ���{�	�¢ Photonics Application 
�–���[�=�^�ì�Ž�������¿�/�F���*�g�^�6�S�=�^���+

28 th ���{�	�¢��Revolution of Light  
�ì�^�����T�[�ì�1�������·���¿���*�g�^�6�S�=�^���+��

�Óst���(���	 PREIN Workshop: 
�ž�8�g�¢�g�Â�g�S�¢�ì�=�	�–���������ì�S�¢�g���*�g�^�6�S�=�^���+

�Óst���(���	 Forest and Photonics  
�*�g�^�6�S�=�^���+

8 th ���(���	���T�ž�¢���=�^���ž�8�g�¢�g�^�=�	�–���*�g�^�6�S�=�^���+

9 th ���(���	 Steering Committee  
and Management Group meeting 
�*�g�^�6�S�=�^���+

�Ó�×th ���(���	 Funding for Photonics 
�*�g�^�6�S�=�^���+��

�Ó�Úth ���(���	 Board of Stakeholders 
�[�����¢�=�^�1���*�g�^�6�S�=�^���+

PREIN newsletter 6/2020

PREIN newsletter 5/2020

�Ó�Õth ���r�g�Â LUMA representative 
�[�����¢�=�^�1���*�g�^�6�S�=�^���+��

�Ó�Ùth ���r�g�Â Photonics and 
�·���	�8�^�g�S�g�1�É���ª�ì�S���–���*�g�^�6�S�=�^���+

�Ô�Öth ���r�g�Â Optical Design and 
�o�ì�^�«�/�ì�	�¢�«�Ž�=�^�1�����F�=�^�^�=�–�8�6�H���Ž�[�ì�^��
�{�^�S�=�^�����ª�É�[�Š�g�–�=�«�[���*�g�^�6�S�=�^���+

�Ô�Øth ���r�g�Â Photonics for food 
�*�g�^�6�S�=�^���+



24

�/�Â���^�¢�–
�ª���Â���Ž�ì�S���¢�8���[�ì�¢�=�	�����Â���^�¢�–���Ã���Ž�����Š�S�ì�^�^�������/�g�Ž���¢�8�����É���ì�Ž���Ô�Ò�Ô�Ò�����O�g�Ã���Â���Ž�������«�����¢�g���¢�8�����!�{�Ö�T�(�6�Ó�Û��
pandemic most of the events since February were cancelled or postponed. Canc elled 
events included the UEF photonics exhibition in the Biathlon World Cup in K ontiolahti, 
Physics Days and the Photonics for Metrology event. Whereas the public ou treach 
event Suomi Areena in July and the Optics and Photonics days in May, includin g 
�¢�8�������^�^�«�ì�S���ž�¢�/�T�r�����Â���^�¢���ì���M�ì�	���^�¢���¢�g���=�¢�����Ã���Ž�����Š�g�–�¢�Š�g�^�������¢�g���Ô�Ò�Ô�Ó�����ª���Â���Ž�ì�S�����Â���^�¢�–��
�Ã���Ž�����g�Ž�1�ì�^�=�Ó�������=�^���g�^�6�S�=�^�����/�g�Ž�[�ì�¢���=�^�–�¢���ì�������ì�^�����=�^���o�ì�É���ì���–���Ž�=���–���g�/���Š�8�g�¢�g�^�=�	�–���¢�8���[������
�Ã�����=�^�ì�Ž�–���Ã�ì�–���S�ì�«�^�	�8�������¢�g���	�g�[�Š���^�–�ì�¢�����/�g�Ž���¢�8�����	�ì�^�	���S�S�ì�¢�=�g�^���g�/���¢�8�����/�ì�	���6�¢�g�6�/�ì�	�������Â���^�¢�–����
Altogether about 30 events including internal meetings, workshops,  outreach and 
thematic events and workshops, were organized in 2020.

�T�^�¢���Ž�^�ì�S�����Â���^�¢�–
There was a meeting with the PREIN Management 
�H�Ž�g�«�Š���=�^���c�ì�^�«�ì�Ž�É���=�^���O���S�–�=�^�P�=�������«�¢���ì�S�S���=�^�¢���Ž�^�ì�S��
operation and regular meetings within PREIN were 
�	�8�ì�^�1�������=�^�¢�g���g�^�6�S�=�^�����[�����¢�=�^�1�–���/�Ž�g�[���o�ì�Ž�	�8���Ô�Ò�Ô�Ò��
onwards. Altogether there were four Management 
Group meetings, four Steering Committee 
meetings and regular meetings with the outreach, 
communications and innovation teams and a Board 
of Stakeholders meeting.

�·�8�����ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž�����[�����¢�=�^�1 in January 
�1�ì�¢�8���Ž�������¢�8�������g�ì�Ž�����[���[�����Ž�–���/�Ž�g�[�����=�Û���Ž���^�¢��
�	�g�^�¢�=�^���^�¢�–���¢�g���O���S�–�=�^�P�=���/�g�Ž���¢�Ã�g�����ì�É�–���¢�g�����Â�ì�S�«�ì�¢�����¢�8����
�S���Â���S���g�/���–�	�=���^�¢�=�à�	���Ž���–���ì�Ž�	�8�����Â�=�–�=�¢���¢�8�������ì�S�¢�g���ì�^�����Ö�·�·��
�/�ì�	�=�S�=�¢�=���–���ì�^�����1�=�Â�����/���������ì�	�P���¢�g���¢�8�����ž�¢�/�T�r���á�ì�1�–�8�=�Š����
�·�8�����ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž�����Ž���	���=�Â�������ì���–�«�[�[�ì�Ž�É���g�/��
the 2019 research and listened to selected research 
highlight presentations and a poster session. 

���	�	�g�Ž���=�^�1���¢�g���¢�8���=�Ž���/���������ì�	�P���¢�8�����á�ì�1�–�8�=�Š���8�ì�–���ì��
�8�=�1�8���–�	�=���^�¢�=�à�	���S���Â���S���Ã�=�¢�8���=�[�Š�Ž���–�–�=�Â�����Ž���–���ì�Ž�	�8��
���Ž���ì�P�¢�8�Ž�g�«�1�8�–���=�^���–���S���	�¢�������à���S���–�����·�8�������g�ì�Ž����
members also gave development ideas to the 
�á�ì�1�–�8�=�Š���=�^�	�S�«���=�^�1���ì���Ž���	�g�[�[���^���ì�¢�=�g�^���/�g�Ž�����È�¢���Ž�^�ì�S��
�=�[�Š�ì�	�¢�����Â�ì�S�«�ì�¢�=�g�^���g�/���¢�8�����á�ì�1�–�8�=�Š���ì�	�¢�=�Â�=�¢�=���–�����·�8����
�Š�S�ì�^���Ã�ì�–���¢�8�ì�¢���¢�8�����ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž�����Ã�g�«�S����
meet in December 2020 and visit the coordinating 
university’s premises at Tampere. Due to the 
�!�{�Ö�T�(�6�Ó�Û���Š�ì�^�����[�=�	�����¢�8�����[�����¢�=�^�1���	�g�«�S�����^�g�¢��������
arranged. 

���g�ì�Ž�����g�/���ª�¢�ì�P���8�g�S�����Ž�–���[�����¢�=�^�1 in December 
2020 gathered the PREIN members and external 
stakeholders together to discuss the activities of 
2020. The program included an update on overall 
progress, especially on science and applied research, 
impact and outreach activities and a presentation of 
the main points of the external evaluation report.

�ª�	�=���^�¢�=�à�	�������Â�=�–�g�Ž�É�����g�ì�Ž����
�[���[�����Ž�–���/�Ž�g�[���S���/�¢���¢�g��
�Ž�=�1�8�¢���ª���Ž�1���=���·�«�Ž�=�¢�–�É�^����
�Ý�ì�–�«�8�=�P�g�����Ž�ì�P�ì�Ã�ì���� 
�g�S�«�=�–���·�g�Ž�^���Ž���ì�^���� 
�o�=�	�8�ì�S���g�=�Š�–�g�^����



25

�ž�¢�/�T�r���Ã�g�Ž�P�–�8�g�Š�–��
The research cooperation within PREIN partner 
organizations was enhanced by organizing thematic 
�Ã�g�Ž�P�–�8�g�Š�–���g�^���	�Ž�g�–�–�6�	�«�¢�¢�=�^�1���¢�8���[���–�����·�8�������Â���^�¢�–��
were mainly intended for those doing research 
related to the topic in any of the PREIN partner 
organizations, but open to external interested 
parties as well. Originally the events were planned 
�ì�–���/�ì�	���6�¢�g�6�/�ì�	�����[�����¢�=�^�1�–�������«�¢���Ã���Ž�����g�Ž�1�ì�^�=�Ó�������=�^���ì��
�[�=�È�������/�g�Ž�[�ì�¢���Ã�=�¢�8���g�^�6�S�=�^�����–�¢�Ž���ì�[�=�^�1���ì�^�����–�[�ì�S�S���S�g�	�ì�S��
meetings. 

�·�8�����×�g�Ž�P�–�8�g�Š���g�^���g�=�1�8�¢���F�=���S�����!�g�^�¢�Ž�g�S was organized 
in October 2020 by the University of Eastern Finland 
�=�^���[�=�È�������/�g�Ž�[�ì�¢���ì�–���g�^�6�S�=�^�����–�¢�Ž���ì�[�=�^�1�����Â���^�¢���ì�^����
with small local meeting in the PREIN partners. 
The workshop attracted over 90 participants to 
discuss themes related to WP1 from coherence and 
polarization properties of light to nanostructured 
�S�=�1�8�¢���–�g�«�Ž�	���–���ì�^�������Š�–�=�S�g�^�6�^���ì�Ž�6�Ó���Ž�g���[�ì�¢���Ž�=�ì�S�–��

�×�g�Ž�P�–�8�g�Š���g�^���ž�8�g�¢�g�Â�g�S�¢�ì�=�	�– was organized online 
in December 2020 by Aalto University. The aim 
of this event was to promote communication 
and collaboration among groups working on 
�Š�8�g�¢�g�Â�g�S�¢�ì�=�	�–�6���ì�–�������Ž���–���ì�Ž�	�8���Ž���S�ì�¢�������¢�g���–�g�S�ì�Ž���	���S�S�–��
and photocatalysis in particular. There were 25 
participants from 11 research groups from all the 
PREIN partners in the event. External events

�ž�8�g�¢�g�^�=�	�–���Ã�����=�^�ì�Ž���–���Ž�=���–
A new photonics webinar series was launched in 
May 2020 with six thematic events taking place 
during the year. The events attracted close to 1,000 
participants altogether. Participants ranged from 
researchers from foreign and Finnish universities to 
people working in photonics industry, students and 
other people interested in the themes.

�ž�8�g�¢�g�^�=�	�–���/���«�	�ì�¢�=�g�^���=�^���¢�8�����F�«�¢�«�Ž�����=�^���o�ì�É��
The event was organized in collaboration with PREIN, 
University of Eastern Finland, Business Joensuu, 
Karelia University of Applied Sciences and Riveria 
vocational education institution. The programme 
�Ã�ì�–���¢�Ã�g�6�/�g�S�������	�g�^�–�=�–�¢�=�^�1���g�/���ì���Ž���1�=�g�^�ì�S���Â�=���Ã���g�^��
educational collaboration across sectors and an 
international aspect. The internationalization of 
�Š�8�g�¢�g�^�=�	�–�������«�	�ì�¢�=�g�^���/���ì�¢�«�Ž���������È�Š���Ž�¢�–���/�Ž�g�[���Ã�g�Ž�S���6
class photonics programmes from the Netherlands, 

France, Germany and the US. The Photonics 
Education webinar had 148 registered participants.

�ž�8�g�¢�g�^�=�	�–���=�^���F�=�^�S�ì�^�����=�^���c�«�^��
The webinar presented an update on the current 
issues in the Finnish Photonics scene, including a 
summary on the Photonic Industry survey results 
commissioned by Photonics Finland, presentation 
on the Photonics Explorer Kit campaign where 
companies can sponsor teaching material to local 
schools and a short info session about possible 
�	�g�g�Š���Ž�ì�¢�=�g�^���Ã�=�¢�8���F�=�^�S�ì�^�����ì�^�����H���Ž�[�ì�^�É���=�^���¢�8�����à���S�����g�/��
Photonics.

�T�^���«�–�¢�Ž�É�6�¿�^�=�Â���Ž�–�=�¢�É���!�g�S�S�ì���g�Ž�ì�¢�=�g�^�� 
�Â�=�Ž�¢�«�ì�S���o�g�Ž�^�=�^�1���!�g�Û�������=�^�����«�1�«�–�¢
�¿�^�=�Â���Ž�–�=�¢�É���g�/���/�ì�–�¢���Ž�^���F�=�^�S�ì�^�����g�Ž�1�ì�^�=�Ó�������ì�^���g�^�6
line discussion event on the possibilities of 
�/�«�¢�«�Ž�����	�g�S�S�ì���g�Ž�ì�¢�=�g�^���=�^���Š�8�g�¢�g�^�=�	�–���=�^���«�^�=�Â���Ž�–�=�¢�É�6
business cooperation in Eastern Finland with 
Karelia University of Applied Sciences, Riveria 
Vocational School and Business Joensuu. The event 
�Ã�ì�–���ì���/�g�S�S�g�Ã�6�«�Š���g�^���¢�8�����c�F�e���Š�8�g�¢�g�^�=�	�–�������«�	�ì�¢�=�g�^��
�Š�ì�¢�8���Š�Ž�g�M���	�¢���=�^���c�g���^�–�«�«���Ž���1�=�g�^�����·�8���Ž�����Ã���Ž�����×�Ö��
participants.
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�¢���Â�g�S�«�¢�=�g�^���g�/���g�=�1�8�¢���ì�^�����T�[�ì�1�����=�^���{�	�¢�g�����Ž
Tampere University hosted one of the Future is 
Made in Finland series webinars by Business Finland 
in October. The theme was the Revolution of Light 
and Image and the event featured photonics and 
imaging in Tampere University and in the region 
together with Business Tampere Imaging network. 
There were over 900 participants registered for the 
event.

�ž�8�g�¢�g�^�=�	�–���H�8�ì�^�ì���!���S�����Ž�ì�¢�g�Ž�É���/�Â���^�¢�� 
�=�^���r�g�Â���[�����Ž
The event organized by the University of Eastern 
Finland presented the photonics landscape in Ghana 
and discussed the impact of UEF’s International 
Photonics Master’s Degree Program for Ghanaian 
alumni. Altogether 57 people participated.

�¢���	�Ž�«�=�¢�[���^�¢���ì�^�����O�¢���=�^���ž�8�g�¢�g�^�=�	�–�� 
�=�^���r�g�Â���[�����Ž
PREIN and Photonics Finland organized a discussion 
���Â���^�¢���¢�g���à�^�����g�«�¢���¢�8�����Ž���	�Ž�«�=�¢�[���^�¢���^�������–���g�/���¢�8����
Finnish photonics industry. Representatives of 
�Ó�Ô�����=�Û���Ž���^�¢���	�g�[�Š�ì�^�=���–���Š�ì�Ž�¢�=�	�=�Š�ì�¢���������·�8�����¢�8���[���–��
covered recruitment of international experts to 
Finnish companies and the activities of Photonics in 
Finland and PREIN. Photonics Finland and PREIN also 
�ì�=�[���¢�g���S�ì�«�^�	�8���ì���Š�8�g�¢�g�^�=�	�–���O�¢���Š�S�ì�¢�/�g�Ž�[���=�^�����ì�Ž�S�É���Ô�Ò�Ô�Ó��

�ž�8�g�¢�g�^�=�	�–�Ö���×�����=�^�ì�Ž�–
The Photonics4 series was organized by Photonics 
Finland in collaboration with PREIN and other 
relevant stakeholders depending on the theme of 
�¢�8�������Â���^�¢�����/�ì�	�8�����Â���^�¢���Ã�ì�–���¢�ì�Ž�1���¢�������¢�g���ì���–�Š���	�=�à�	��
�à���S�����g�/���Š�8�g�¢�g�^�=�	�–���ì�Š�Š�S�=�	�ì�¢�=�g�^�–���ì�^�����ì�=�[�������/�g�Ž�����g�¢�8��
photonics researchers and company experts in a 
�Š�ì�Ž�¢�=�	�«�S�ì�Ž���à���S�����g�/���=�^���«�–�¢�Ž�É�����T�^���¢�g�¢�ì�S���¢�8�������S���Â���^���g�^�6
line events in 2020 attracted approximately 350 
participants. 

�ž�8�g�¢�g�^�=�	�–�Ö�����1�Ž�=�/�g�g�����=�^���{�	�¢�g�����Ž
PREIN and Photonics Finland participated as the 
Finnish representatives together with Finnish 
photonics companies and regional actors in this 
European level webinar. The event was targeted 
�Š�Ž�=�[�ì�Ž�=�S�É���/�g�Ž���ì�1�Ž�=�6�/�g�g�����	�g�[�Š�ì�^�=���–�������È�Š���Ž�¢�–���ì�^����
�g�Š���Ž�ì�¢�g�Ž�–���=�^���¢�8�����à���S�����¢�g���à�^�����g�«�¢���ì���g�«�¢���¢���	�8�^�g�S�g�1�=�	�ì�S��
solutions and applications based on photonics 
aimed at the sector. The event was an Eprise Europe 
Network collaboration event with other European 
countries.

�ž�8�g�¢�g�^�=�	�–���ì�^�����·���	�8�^�g�S�g�1�É���ª�ì�S���–�� 
�=�^���r�g�Â���[�����Ž
The invited speaker Valtteri Tuominen gave 
a presentation on how to sell technology. 
The event was intended for companies in the 
photonics industry and researchers interested in 
commercializing their innovation. There were 35 
participants.

�{�Š�¢�=�	�ì�S���(���–�=�1�^���ì�^�����o�ì�^�«�/�ì�	�¢�«�Ž�=�^�1�� 
�=�^���r�g�Â���[�����Ž��
The event was organized in cooperation with 
�Š�ì�Ž�¢�^���Ž�–���/�Ž�g�[���¢�8�����ž�8�g�¢�g�^�=�	�–���O�¿�����H���Ž�[�ì�^�É�����·�8����
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event provided insights into optical design and 
manufacturing in Germany and Finland and the 
possibility for international matchmaking between 
�Ô�Ô���F�=�^�^�=�–�8���ì�^�����H���Ž�[�ì�^�����È�Š���Ž�¢�–���=�^���¢�8�����à���S����
participating. Company presentations were given by 
�–�g�^�6�È�����{�Š�¢�g�·���	�8���{�Š�¢�=�P�[�ì�–�	�8�=�^���^�����{�Š�S�ì�¢���P���ì�^�����T�^�P�Ž�g�^��

�ž�8�g�¢�g�^�=�	�–���/�g�Ž���F�g�g�����=�^���r�g�Â���[�����Ž��
The webinar was organized in cooperation with 
the Food Tech Platform to bring together food and 
photonics companies and experts. The aim was to 
present the use of photonics throughout the whole 
�/�g�g�����Â�ì�S�«�����	�8�ì�=�^���=�^���ì�–�Š���	�¢�–���S�=�P�����[�g�Ž�������Ü�	�=���^�¢��
�1�Ž�����^�8�g�«�–�����1�Ž�g�Ã�=�^�1�����•�«�ì�S�=�¢�É���[�g�^�=�¢�g�Ž�=�^�1�����–�ì�^�=�¢�=�Ó�=�^�1��
and traceability. There were 56 participants. 

�F�g�Ž���–�¢���ì�^�����ž�8�g�¢�g�^�=�	�–���=�^���(���	���[�����Ž
The event brought together the forest and 
technology experts to network, collaborate and 
share their views on photonics applications in the 
forestry industry. In 2020 the theme was digital 
forestry business and particularly managing biotic 
forest damages. About 170 participants were 
registered for the event.

�T�ž�¢���=�^���ž�8�g�¢�g�^�=�	�–���=�^���(���	���[�����Ž
�·�8�������Â���^�¢���Ã�ì�–���g�Ž�1�ì�^�=�Ó�������¢�g�1���¢�8���Ž���Ã�=�¢�8���ž�ì�Š�«�S�ì�6
Nevinpat as a webinar with a variety of speakers 
���=�–�	�«�–�–�=�^�1���T�ž�¢���Ž���S�ì�¢�������•�«���–�¢�=�g�^�–���ì�^�����Š�ì�¢���^�¢�=�^�1���=�^��
particular. The event was targeted at photonics 
researchers who would be interested in patenting 
or commercializing their research results. The event 
attracted 30 participants. 

�F�«�^���=�^�1���/�g�Ž���ž�8�g�¢�g�^�=�	�–���=�^���(���	���[�����Ž
The webinar event was targeted at photonics 
researchers, startups and SME companies. The event 
featured funding opportunities from VCs, Business 
Angels, and public funding bodies. The aim was to 
�8���S�Š���F�=�^�^�=�–�8���Š�8�g�¢�g�^�=�	�–���	�g�[�Š�ì�^�=���–���à�^�����à�^�ì�^�	�=�ì�S��
partners and raise the awareness of investors on 
�	�g�[�Š�ì�^�=���–�������S�=�Â���Ž�=�^�1���¢�g�Š�6�^�g�¢�	�8���ì�^�����1�Ž�g�«�^�����Ž���ì�P�=�^�1��
technologies and products. The event also included 
presentations of Research to Business cases from 
PREIN partners. There were 33 participants in the 
event. 

�T�^�¢���Ž�^�ì�¢�=�g�^�ì�S���F�ì�=�Ž�–

PREIN has decided to participate in the largest 
and most important photonics fairs to promote 
�Ž���–���ì�Ž�	�8���ì�	�¢�=�Â�=�¢�=���–���ì�^�����g�Û���Ž���–���Ž�Â�=�	���–���ì�^�������È�Š���Ž�¢�=�–����
to potential international industrial partners. These 
include the main European event, LASER World of 
�ž�8�g�¢�g�^�=�	�–�����È�8�=���=�¢�=�g�^���g�Ž�1�ì�^�=�Ó���������=�6�ì�^�^�«�ì�S�S�É���ì�^�����¢�8����
annual Photonics West fair in the United States. In 
2020 PREIN participated in Photonics West. 

�ª�ž�T�/���ž�8�g�¢�g�^�=�	�–���×���–�¢���/�ì�=�Ž���=�^���ª�ì�^���F�Ž�ì�^�	�=�–�	�g���=�^��
February  is the premier event for laser, photonics 
and biomedical optics. SPIE Photonics West 
covers a wide range of topics: biomedical optics, 
biophotonics, industrial lasers, optoelectronics, 
microfabrication, displays, and more. PREIN 
participated in the Finnish pavilion together with 14 
Finnish photonics companies.

�ž�¢�/�T�r���Š�ì�Ž�¢�=�	�=�Š�ì�¢�������=�^��
�¢�8�����ž�8�g�¢�g�^�=�	�–���×���–�¢��
�/�ì�=�Ž���=�^���ª�ì�^���F�Ž�ì�^�	�=�–�	�g���=�^��
�F�����Ž�«�ì�Ž�É���Ô�Ò�Ô�Ò���¢�g�1���¢�8���Ž��
�Ã�=�¢�8���ž�8�g�¢�g�^�=�	�–���F�=�^�S�ì�^����
�ì�^�����F�=�^�^�=�–�8���Š�8�g�¢�g�^�=�	�–��
�	�g�[�Š�ì�^�=���–����



28

�T�[�Š�ì�	�¢��
In 2020 many of the impact activities have developed further and more and more 
�Ž���–�«�S�¢�–���8�ì�Â�����������^���1�ì�=�^�������=�^���–�	�=���^�¢�=�à�	�����–�g�	�=���¢�ì�S���ì�^���������«�	�ì�¢�=�g�^���=�[�Š�ì�	�¢�����T�^���Ô�Ò�Ô�Ò���ì�^��
���È�¢���Ž�^�ì�S�����Â�ì�S�«�ì�¢�=�g�^���g�/���¢�8�����ž�¢�/�T�r���=�[�Š�ì�	�¢���ì�	�¢�=�Â�=�¢�=���–�����È�	�S�«���=�^�1���–�	�=���^�¢�=�à�	���=�[�Š�ì�	�¢���Ã�ì�–��
�	�ì�Ž�Ž�=�������g�«�¢�����É���¢�8�����	�g�^�–�«�S�¢�=�^�1���1�Ž�g�«�Š���{�Ã�ì�S�����·�8�����[�ì�=�^���à�^���=�^�1�–���/�g�Ž���ž�¢�/�T�r���=�^�	�S�«��������

1) �ž�¢�/�T�r���8�ì�–���Š�S�ì�É�������ì���–�=�1�^�=�à�	�ì�^�¢���Ž�g�S�����=�^���Š�8�g�¢�g�^�=�	�–��
degree education and achieved its goal of 
�Š�Ž�g�[�g�¢�=�^�1�������«�	�ì�¢�=�g�^���=�^���¢�8�����à���S�����g�/���Š�8�g�¢�g�^�=�	�–��
especially to young people.

2) �ž�¢�/�T�r���ì�	�¢�=�Â�=�¢�=���–���8�ì�Â�����8�ì�����[�g�Ž�����–�=�1�^�=�à�	�ì�^�¢�����Û���	�¢��
on education and society than on economic 
growth.

3) The close cooperation between PREIN and 
Photonics Finland is both an advantage and a 
challenge.

4) �/�Â�=�����^�	�����g�/�����Û���	�¢���g�^�����«�–�=�^���–�–���1�Ž�g�Ã�¢�8���=�–���Ã���ì�P����
but the patent applications and collaboration 
indicate the economic impact of PREIN.

5) Cooperation between research groups is 
challenging due to the diversity of PREIN.

The following recommendations were given to 
PREIN: 

1) Strengthen the external visibility of PREIN by 
participating both in academic seminars and 
events as in trade fairs.

2) Strengthen internal communication to foster 
cooperation.

3) Clarify the work distribution between PREIN and 
Photonics Finland.

4) Consider interactive working methods and 
workshops with the Board of Stakeholders.

5)  Develop and streamline the reporting procedure 
of PREIN.

6) Consider if all internal PREIN committees are 
relevant.

7) Look at new research funding opportunities from 
the European Union.

8) Join potential Finnish and international 
�	�g�Ž�Š�g�Ž�ì�¢���–���¢�g���ž�¢�/�T�r���Š�=�S�g�¢���Š�Ž�g�M���	�¢�–���ì�^�����M�g�=�^�¢��
research strategies.

9)  Competence of technology, IP issues and 
commercialization should be developed 
comprehensively. The ownership of IP and the 
�Š�Ž�g�	�����«�Ž���–���g�/���T�ž�¢���–�8�g�«�S���������������à�^�������=�^�������¢�ì�=�S���=�^��
the consortium agreement. 

�ª�	�=���^�	�����ì�^�����T�^�^�g�Â�ì�¢�=�g�^��
�ž�8�g�¢�g�^�=�	�–���Ž���–���ì�Ž�	�8���Š�Ž�g�M���	�¢�–���Ã���Ž�����1�Ž�ì�^�¢�������/�«�^���=�^�1��
�/�Ž�g�[�����=�Û���Ž���^�¢���–�g�«�Ž�	���–���=�^�	�S�«���=�^�1�����	�ì�����[�É���g�/��
Finland, Business Finland and European funding 
agencies. More than 10 Business Finland Research 
�¢�g�����«�–�=�^���–�–���*�¢�Ô���+���Š�Ž�g�M���	�¢�–���Ã���Ž�����/�«�^���������=�^���Ô�Ò�Ô�Ò���ì�^����
�¢�8�Ž�������Š�Ž�g�M���	�¢�–���Ž���	���=�Â�������/�¢�!���/�«�^���=�^�1��

�/�«�Ž�g�Š���ì�^���¢���–���ì�Ž�	�8���!�g�[�[�=�–�–�=�g�^���*�/�¢�!�+��
�H�Ž�ì�^�¢�–
�e�g�^�–�¢�ì�^�¢�=�^�g�–���(�ì�–�P�ì�S�ì�P�=�–��and���c�ì�ì�^�ì���Ö�ì�Š�ì�ì�Â�«�g�Ž�= 
from Aalto University received an ERC starting 
grant for research on Polariton Assisted White Light 
�H���^���Ž�ì�¢�=�g�^���=�^���{�Ž�1�ì�^�=�	���g�=�1�8�¢�6�/�[�=�¢�¢�=�^�1���(�=�g�����–���/�g�Ž��
2020–2025.

Associate Professor �·�ì�^�M�ì���·�ì�Ž�Â�ì�=�^���^ from University 
of Eastern Finland was granted the ERC Consolidator 
�H�Ž�ì�^�¢���/�g�Ž���Ž���–���ì�Ž�	�8���g�^�������Â���S�g�Š�=�^�1���^�g�Â���S���•�«�ì�^�¢�=�¢�ì�¢�=�Â����
imaging modalities based on coupled physics, such 
as light and ultrasound through the photoacoustic 
���Û���	�¢��

Professor �·�=�[�g���g�ì�ì�P�–�g�^���^, who divides his time 
�����¢�Ã�����^���¢�8�����¿�^�=�Â���Ž�–�=�¢�É���g�/���O���S�–�=�^�P�=���ì�^�����·�ì�[�Š���Ž����
University, received the ERC Consolidator Grant for 
research on releasing pharmaceutical agents in a 
controlled way in the body using blue or ultraviolet 
light.

���	�ì�����[�É���g�/���F�=�^�S�ì�^����
In 2020, the Academy of Finland has granted PREIN 
�Š�ì�Ž�¢�^���Ž�–���à�Â�������	�ì�����[�É���Š�Ž�g�M���	�¢�–�����g�/���Ã�8�=�	�8���¢�Ã�g���ì�Ž����
consortia between PREIN partners. In addition, two 
�ž�g�–�¢���g�	�¢�g�Ž�ì�S���Ž���–���ì�Ž�	�8���Ž���Š�Ž�g�M���	�¢�–���ì�^�����g�^�������	�ì�����[�É��
�¢���–���ì�Ž�	�8���F���S�S�g�Ã���Š�Ž�g�M���	�¢���/�Ž�g�[���¢�8�������	�ì�����[�É���g�/��
Finland were funded. 

���	�ì�����[�É���g�/���F�=�^�S�ì�^�����r�ì�¢�=�g�^�ì�S���¢���–���ì�Ž�	�8��
�T�^�/�Ž�ì�–�¢�Ž�«�	�¢�«�Ž�����¢�g�ì���[�ì�Š���ì�^�����!�g�S�S�ì���g�Ž�ì�¢�=�Â����
�ž�S�ì�¢�/�g�Ž�[���/�«�^���=�^�1
Tampere University, University of Eastern Finland 
and VTT together form the consortium for 
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�F�=�^�^�g�=�1�8�¢, which is a research infrastructure on 
�S�=�1�8�¢�6���ì�–�������¢���	�8�^�g�S�g�1�=���–�����F�=�^�^�g�=�1�8�¢ was selected on 
the national research infrastructure. The Roadmap 
decision grants privileged status for national 
funding applications. Another infrastructure 
�Š�ì�Ž�¢�=�ì�S�S�É���������=�	�ì�¢�������¢�g���Š�8�g�¢�g�^�=�	�–�����¢�8�����o�=�	�Ž�g�6���ì�^����
Nanotechnology Research Infrastructure (OtaNano) 
was also selected for the Roadmap. OtaNano is a 
�M�g�=�^�¢���=�^�/�Ž�ì���g�/�����ì�S�¢�g���¿�^�=�Â���Ž�–�=�¢�É���ì�^�����Ö�·�·��

The Academy of Finland also granted additional 
funding in 2020 under the call FIRI: Research 
infrastructures as collaborative platforms. This 
is a new type of funding to support, in particular, 
the development of research infrastructures in 
�	�g�S�S�ì���g�Ž�ì�¢�=�g�^���Ã�=�¢�8���¢�8�������«�–�=�^���–�–���–���	�¢�g�Ž���ì�^�����à�^���=�^�1��
new interfaces between research infrastructures 
and industry. �ž�8�g�¢�g�^�=�	�–���T�^�/�Ž�ì�–�¢�Ž�«�	�¢�«�Ž�����/�g�Ž���¢���–���ì�Ž�	�8��
�ì�^�����T�^���«�–�¢�Ž�É���*�ž�¢�/�ª�T�+���Ž���	���=�Â�������/�«�^���=�^�1���¢�g���/�«�S�à�S��
some of the immediate research and industry 
needs by providing comprehensive fabrication and 
characterization capabilities for photonics devices 
and components. The infrastructure will allow for 
the development of new materials and integrated 
�	�g�[�Š�g�^���^�¢�–���¢�g���������«�–�������=�^���S�=�1�8�¢�6���ì�–�������¢���	�8�^�g�S�g�1�É��
�ì�Š�Š�S�=�	�ì�¢�=�g�^�–���=�^�	�S�«���=�^�1���8�=�1�8�6�Ž���–�g�S�«�¢�=�g�^���=�[�ì�1�=�^�1����
�8�=�1�8�6�–���^�–�=�¢�=�Â�=�¢�É���–���^�–�=�^�1�����•�«�ì�^�¢�«�[���¢���	�8�^�g�S�g�1�=���–����
�ì�^�������^���Ž�1�É�����Ü�	�=���^�¢���8�ì�Ž�Â���–�¢�=�^�1���ì�^�����Š�Ž�g���«�	�¢�=�g�^�����·�8����
partners in the PRESI infrastructure are Tampere 
University, University of Eastern Finland and VTT. 

�·�8�����M�g�=�^�¢���Š�8�g�¢�g�^�=�	�–���=�^�/�Ž�ì�–�¢�Ž�«�	�¢�«�Ž�����ž�¢�/�ª�T���Ž���	���=�Â������
funding of 1.3 million euros in the call. 

�ª�«�Ž�Â���É���g�^���–�	�=���^�¢�=�à�	���=�[�Š�ì�	�¢���g�/���ž�¢�/�T�r��
�·�g�����Â�ì�S�«�ì�¢�����¢�8�����–�	�=���^�¢�=�à�	���=�[�Š�ì�	�¢���g�/���ž�¢�/�T�r�����ì���–�«�Ž�Â���É��
to the Finnish research organizations was carried 
out in May 2020. The survey was conducted by an 
external company, Boost Brothers and directed to 
researchers in photonics in Finnish research institu �6
tions and universities. It received 110 responses and 
the response rate was approximately 25%. Approx �6
imately 60% of the respondents were associated 
�Ã�=�¢�8���¢�8�����ž�¢�/�T�r���á�ì�1�–�8�=�Š�����o�g�–�¢���g�/���¢�8�����Ž���–�Š�g�^�����^�¢�–��
worked in experimental or applied research, the 
distribution being similar with PREIN members and 
�^�g�^�6�[���[�����Ž�–����

The Flagship for Photonics Research and Innovation 
�=�–���ì�Š�Š�Ž���	�=�ì�¢���������É�����g�¢�8���ž�¢�/�T�r���[���[�����Ž�–���ì�^�����^�g�^�6
members with 95% and 77%, respectively, having 
�ì���Š�g�–�=�¢�=�Â�����g�Š�=�^�=�g�^���g�/���ž�¢�/�T�r�����Ž���á���	�¢�=�^�1���¢�8�����Š�g�¢���^�¢�=�ì�S��
�=�[�Š�ì�	�¢���g�/���ž�¢�/�T�r���/�g�Ž���Ž���–���ì�Ž�	�8���ì�¢���S�ì�Ž�1�������·�8�����M�g�=�^�¢��
�Ž���–���ì�Ž�	�8���ì�	�¢�=�Â�=�¢�=���–���ì�^�����M�g�=�^�¢�����Â���^�¢�–���Ã�=�¢�8���ž�8�g�¢�g�^�=�	�–��
�F�=�^�S�ì�^�����ì�Ž�����–�����^���ì�–���¢�8�����8�=�1�8�S�É�������^���à�	�=�ì�S���ì�	�¢�=�g�^�–��
carried out by PREIN. Research cooperation is 
seen as the most important future activity for the 
�á�ì�1�–�8�=�Š���ì�–���Ã���S�S�����ž�8�g�¢�g�^�=�	�–���Ã�ì�–���8�=�1�8�S�=�1�8�¢�������¢�g���Š�S�ì�É��
an important role in the education programs of the 
respondents’ institutions.

�F�=�^�^�g�=�1�8�¢���=�^���ì���^�«�¢�–�8���S�S��
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�T�^�^�g�Â�ì�¢�=�g�^

�·�8���Ž�����Ã���Ž�����–���Â���Ž�ì�S���Š�Ž�g�M���	�¢�–���/�g�Ž���	�g�[�[���Ž�	�=�ì�S�=�Ó�=�^�1��
research in 2020 including Business Finland 
Research to Business (R2B), funding and European 
�ž�8�g�¢�g�^�=�	�–�Ô�Ó���Š�Ž�g�M���	�¢�–�����(�«�Ž�=�^�1���Ô�Ò�Ô�Ò���¢�8���Ž�����Ã���Ž�����	�S�g�–����
�¢�g���Ø�Ò���=�^�Â���^�¢�=�g�^�����=�–�	�S�g�–�«�Ž���–���ì�^�����Ó�×���Š�ì�¢���^�¢�–���à�S���������É��
PREIN partners.

�¢���–���ì�Ž�	�8���¢�g�����«�–�=�^���–�–���*�¢�Ô���+���/�«�^���=�^�1��
Research to Business funding is intended for 
researchers and research groups in universities 
and other research organizations who want to 
build new business based on their research and 
�	�g�[�[���Ž�	�=�ì�S�=�Ó�����¢�8���=�Ž���=�����ì�����·�8�����Š�Ž�g�M���	�¢���[�«�–�¢���8�ì�Â����
several commercialization options – the entity who 
commercializes the idea cannot be known at the 
�–�¢�ì�Ž�¢���g�Ž�����«�Ž�=�^�1���¢�8�����Š�Ž�g�M���	�¢�����·�8�����ì�	�¢�«�ì�S���Š�Ž�g���«�	�¢���ì�^����
���«�–�=�^���–�–�������Â���S�g�Š�[���^�¢���g�	�	�«�Ž�–���ì�/�¢���Ž���¢�8�����Š�Ž�g�M���	�¢�����^���–��
either within a new company being established, or 
as a new business activity in an existing company. 
PREIN partners secured 10 Research to Business 
(R2B) grants in 2020.

���«�–�=�^���–�–���=�^�	�«���ì�¢�g�Ž���Š�Ž�g�M���	�¢�–
�F�g�«�Ž�����«�–�=�^���–�–���=�^�	�«���ì�¢�g�Ž���Š�Ž�g�M���	�¢�–���ì�¢���Ö�·�·���g�ì�«�^�	�8�Š�ì����
were selected in 2020. 

�F�«�^���=�^�1���/�g�Ž���������=�	�ì�¢�������Š�8�g�¢�g�^�=�	�–���Š�=�S�g�¢���S�=�^����
�/�g�Ž���[�����=�	�ì�S�����=�ì�1�^�g�–�¢�=�	�–���ì�¢���Ö�·�·
The MedPhab pilot production line at VTT focuses 
on three application areas: medical diagnostics 
devices for hospital use, home care devices and 
���•�«�=�Š�[���^�¢���/�g�Ž���	�8���[�=�	�ì�S�����=�ì�1�^�g�–�¢�=�	�–�����·�8�����Š�=�S�g�¢��
line addresses the issues of fragmentation in 
photonics and its areas of application and the strict 
regulations within the medical sector in particular. 
�·�8�����Š�Ž�g�M���	�¢���ì�	�	���S���Ž�ì�¢���–���¢�8�����	�g�[�[���Ž�	�=�ì�S�=�Ó�ì�¢�=�g�^���g�/��
diagnostic devices and instruments for treatment 
based on photonics, at the same time reducing R&D 
costs. The orders are made in a centralized manner 
and channeled to the manufacturer with the best 
implementation capability. MedPhab is an initiative 
of the Photonics Public Private Partnership and 
connected to Photonics21.

59
Invention  
disclosures  
were made

15
new patent 

applications 
�Ã���Ž�����à�S����

3
technology or 
IPR transfers to 
companies

2
new ERC 
�Š�Ž�g�M���	�¢�–��
funded
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�T�^���«�–�¢�Ž�É���!�g�S�S�ì���g�Ž�ì�¢�=�g�^��
Economic impact and industrial collaboration are increased through tight co llaboration 
with Photonics Finland. Collaboration with regional service provid ers for businesses, 
���^�¢�Ž���Š�Ž���^���«�Ž�–���ì�^�����=�^�Â���–�¢�g�Ž�–�������«�–�=�^���–�–���c�g���^�–�«�«�������«�–�=�^���–�–���·�ì�[�Š���Ž�����ì�^�����O���S�–�=�^�P�=��
���«�–�=�^���–�–���O�«�����8�ì�–���������^���ì�	�¢�=�Â�����=�^���Ô�Ò�Ô�Ò��

 

�ž�8�g�¢�g�^�=�	�–���T�^���«�–�¢�Ž�É���–�«�Ž�Â���É
Photonics Finland carried out a Photonics Industry 
survey in May 2020. The results of the Photonics 
Finland Industry survey show an increase of 40% 
in photonics companies’ revenues in the last four 
�É���ì�Ž�–�������•�«�ì�S�=�^�1���¢�g���ì���Ó�Ô�š���ì�^�^�«�ì�S���=�^�	�Ž���ì�–�����–�=�^�	����
2016. This year, the turnover of companies will rise 
to 1.2 billion euros, most of which will come from 
exports. The number of companies in the sector has 
increased. In 2016, there were about 200 companies 
�=�^���Š�8�g�¢�g�^�=�	�–���g�Ž���Ž���S�ì�¢�������à���S���–�����!�«�Ž�Ž���^�¢�S�É�����¢�8���Ž�����ì�Ž����
260 companies that utilize photonics and they 
employ about 4,200 people. Most of the companies 
operate in industrial applications and health 
technology, which together account for almost 40% 
of the industry’s revenue this year.

�r���Ã���ž�8�g�¢�g�^�=�	�–���!���^�¢���Ž���=�^���c�g���^�–�«�«��
�{�^�����g�/���¢�8�����[�ì�M�g�Ž���=�^�/�Ž�ì�–�¢�Ž�«�	�¢�«�Ž�ì�S���=�^�Â���–�¢�[���^�¢�–���g�/��
the University of Eastern Finland and its regional 
partners has been the decision to open a new 
Photonics Center in Joensuu in 2021. The goal is  
�¢�g���	�Ž���ì�¢�����[�g�Ž�����¢�8�ì�^���Ó���Ò�Ò�Ò���M�g���–���ì�^�����¢�«�Ž�^�g�Â���Ž���g�/�� 
200 million euros and create new business 
opportunities on the sector and attract new 
companies from Finland and overseas to the region. 
The parties of the Photonics center agreement are 
the City of Joensuu, Business Joensuu, University 
of Eastern Finland, Karelia University of Applied 
Sciences, Riveria training consortium, University 
Properties of Finland and the Regional Council of 
North Karelia.

�r���Ã���Š�8�g�¢�g�^�=�	�–���–�¢�ì�Ž�¢�6�«�Š�–��
A new photonics startup emerged from Tampere 
University in 2020. The company, �ž�S�ì�–�[�g�^�=�	�– 
designs and manufactures plasmonic nanoparticles 
which can be used in various photocatalytic 
applications like future energy solutions and 
novel antimicrobial coatings. Plasmonics secured 
a 150,000 euros seed investment from Nanoksi 
�F�=�^�S�ì�^�����{�É�����¢�8�����S���ì���=�^�1���	�g�[�Š�ì�^�É���=�^���F�=�^�S�ì�^�����g�Û���Ž�=�^�1��

photocatalytic coatings, to start its operations. 
With this investment Plasmonics will set up a 
private lab for upscaling production for plasmonic 
�^�ì�^�g�Š�ì�Ž�¢�=�	�S���–���Ã�8�=�	�8���	�ì�^���������«�–�������¢�g���	�Ž���ì�¢�����^���Ã���–���S�/�6
���=�–�=�^�/���	�¢�=�^�1���	�g�ì�¢�=�^�1���–�g�S�«�¢�=�g�^�–���¢�g���à�1�8�¢���	�«�Ž�Ž���^�¢���ì�^����
future pandemics. 

�!�8�=�Š�[���¢�Ž�=�	�– is a startup spun from VTT research 
in December 2020. Chipmetrics produces test 
structures, test chips and wafer concepts for 
advanced materials and microelectronics 
manufacturing. It is a part of the emerging Atomic 
Layer Deposition (ALD) industry and research 
community.

�ž�8�g�¢�g�^�=�	�–���F�=�^�S�ì�^�������Ž�g�	�8�«�Ž�����=�^��
�	�g�S�S�ì���g�Ž�ì�¢�=�g�^���Ã�=�¢�8���	�g�[�Š�ì�^�=���–
�T�^���¢�8�����ì�«�¢�«�[�^���ì���M�g�=�^�¢���=�^�¢���Ž�ì�	�¢�=�Â�����ž�8�g�¢�g�^�=�	�–���=�^���F�=�^�S�ì�^����
���Ž�g�	�8�«�Ž�����Š�Ž�g�M���	�¢���Ã�ì�–���	�ì�Ž�Ž�=�������g�«�¢���¢�g�1���¢�8���Ž���Ã�=�¢�8��
Photonics Finland. There were 28 Finnish photonics 
�	�g�[�Š�ì�^�=���–���=�^�Â�g�S�Â�������=�^���¢�8�����Š�Ž�g�M���	�¢�����·�8�������Ž�g�	�8�«�Ž����
is aimed at informing international collaboration 
partners about the photonics research, 
infrastructure, education and industry in Finland. 
�·�8�����g�^�6�S�=�^�������Ž�g�	�8�«�Ž�����=�–���ì�Â�ì�=�S�ì���S���������–�=�¢�¢�����[�[�����à��
photonics/WebView/

�o�=�	�Ž�g�–�g�/�¢���S�ì�«�^�	�8�������^���Ã���ì�	�¢�=�Â�=�¢�=���–���=�^��
�·�ì�[�Š���Ž��
The new Microsoft Tampere product development 
team focuses on designing camera, imaging, 
electronics and wireless network solutions. The 
unit will initially hire 20–30 specialists, especially 
in camera technology. Later, the activities are to be 
expanded. According to Microsoft, the development 
prospects of Tampere University, research and the 
university's contacts with the business world locally 
and globally are convincing and create the right 
environment for expanding the company’s imaging 
technologies. 
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�ª�g�	�=���¢�ì�S���=�[�Š�ì�	�¢��

The aims to increase the visibility of photonics and 
educate the general public about the possibilities 
�S�=�1�8�¢�6���ì�–�������¢���	�8�^�g�S�g�1�=���–���	�ì�^���g�Û���Ž���ì�Ž�����=�[�Š�g�Ž�¢�ì�^�¢��
for PREIN. To reach these goals PREIN had reserved 
a place in Suomi Areena, one of the most popular 
events on politics, society, culture and sports in 
Finland, for July 2020. The event was postponed 
to summer 2021. PREIN has designed a Finnish 
���Ž�g�	�8�«�Ž�����g�^���Š�8�g�¢�g�^�=�	�–���ì�=�[�������ì�¢���^�g�^�6���È�Š���Ž�¢��
�ì�«���=���^�	���–�����–�«�	�8���ì�–���M�g�«�Ž�^�ì�S�=�–�¢�–�����Š�g�S�=�	�É���[�ì�P���Ž�–�����ì�^����
practically anyone. The PREIN partner VTT also 

launched a short animated video both in Finnish 
�ì�^�����/�^�1�S�=�–�8���¢�g�����È�Š�S�ì�=�^���Š�8�g�¢�g�^�=�	�–���¢�g���^�g�^�6���È�Š���Ž�¢��
audiences. 

The visibility of photonics is also increased by 
stories in popular media. There were about 30 news 
�–�¢�g�Ž�=���–���g�^���ž�¢�/�T�r���á�ì�1�–�8�=�Š�����Ž���S�ì�¢�������Š�8�g�¢�g�^�=�	�–���Ž���–���ì�Ž�	�8��
or researchers published in national media. In 2020 
PREIN and the popular science magazine Tiede 
�[�ì�������ì���	�g�^�¢�Ž�ì�	�¢���g�^���ì���–���Ž�=���–���g�/���Š�g�Š�«�S�ì�Ž�=�Ó�������–�	�=���^�¢�=�à�	��
�ì�Ž�¢�=�	�S���–���g�^���[�ì�M�g�Ž���Š�8�g�¢�g�^�=�	���ì�Š�Š�S�=�	�ì�¢�=�g�^�–�����·�8�����à�Ž�–�¢��
article in the series will be published in 2021.

�/���«�	�ì�¢�=�g�^
�o�ì�–�¢���Ž���–���(���1�Ž�����–
�·�8�����!�{�Ö�T�(�6�Ó�Û���Š�ì�^�����[�=�	��
�ì�Û���	�¢�������¢�8�����=�^�¢���Ž�^�ì�¢�=�g�^�ì�S��
master's degree programmes 
in photonics in the partner 
universities and many of the 
newly selected students were 
not able to obtain a residence 
permit or arrive to Finland 
to start their studies. Most 
teaching, excluding small 
group laboratory work, was 
�¢�Ž�ì�^�–�/���Ž�Ž�������g�^�6�S�=�^�����=�^���–�Š�Ž�=�^�1��
2020. Many students postponed the start of their 
studies with one year due to these drawbacks. 
�g�«�	�P�=�S�É���¢�8�����M�g�=�^�¢�������1�Ž�������Š�Ž�g�1�Ž�ì�[�[�����–�¢�«�����^�¢�–���=�^���¢�8����
Erasmus Mundus programmes were mostly able 
to continue their studies in the programmes and 
even move between the partner countries according 
to their mobility plans. Most teaching continued in 
remote mode also in the autumn semester 2020.

�r���Ã���M�g�=�^�¢���	�g�«�Ž�–�����=�^���{�Š�¢�=�	�ì�S���(���–�=�1�^���¢�g�1���¢�8���Ž��
�Ã�=�¢�8���ž�¢�/�T�r���Š�ì�Ž�¢�^���Ž�–
�·�8�����ž�¢�/�T�r���«�^�=�Â���Ž�–�=�¢�É���Š�ì�Ž�¢�^���Ž�–���–�¢�ì�Ž�¢�������Š�S�ì�^�^�=�^�1���M�g�=�^�¢��
�����«�	�ì�¢�=�g�^���Ã�=�¢�8���¢�8�����ì�=�[���¢�g���ì�Ž�Ž�ì�^�1�����ì���M�g�=�^�¢���[�=�È������
format course on Optical design directed at degree 
students, mainly on the master's level. The course 
was added in the new curriculum plan of all three 
�«�^�=�Â���Ž�–�=�¢�=���–���ì�^�����¢�8�����à�Ž�–�¢���=�[�Š�S���[���^�¢�ì�¢�=�g�^���g�/���¢�8����
course will be in autumn 2021.

�T�^�¢���Ž�^�ì�¢�=�g�^�ì�S���	�g�S�S�ì���g�Ž�ì�¢�=�g�^
The international collaboration in education with 
Russia has increased as Tampere University has 
made an agreement on a double degree programme 
in photonics with ITMO University in St. Petersburg. 
With this agreement all the PREIN partner 
universities have a double degree in photonics 
with ITMO. There are also plans for double degree 
collaboration between the University of Bordeaux 
and Tampere University.

�(�g�	�¢�g�Ž�ì�S���(���1�Ž�����–
Doctoral education 
continued mostly as 
planned, however the 
international summer 
schools for the summer 
2020 were cancelled 
this year.

57
Master’s  
degrees

18
Doctoral  
degrees
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�!�g�^�¢�=�^�«�g�«�–�������«�	�ì�¢�=�g�^���ì�^�����	�g�«�Ž�–���–��

In 2020 the following short continuous education 
�	�g�«�Ž�–���–���Ã���Ž�����g�Û���Ž�������[�ì�=�^�S�É���¢�g���	�g�[�Š�ì�^�=���–���ì�^����
employees in photonics industry. These courses 
have been planned according to the needs and 
�Ž���•�«�=�Ž���[���^�¢�–���/�g�Ž���/�«�Ž�¢�8���Ž���–�P�=�S�S�–���=�^���Š�8�g�¢�g�^�=�	�–���Ž���S�ì�¢������
companies.

 �y Introduction to Photonics

 �y Zemax Optics Studio trainings

 �y Clean room

 �y Laser safety

 �y Fundamental Optical Design

�·�8���Ž�����Ã���Ž�����ì�S�–�g���–�g�[�����g�^�6�S�=�^�����	�g�«�Ž�–���–���[�ì�=�^�S�É��
directed for degree students but open to anyone 
interested.

�¡�«�ì�^�¢�«�[���Š�Ž�g�1�Ž�ì�[�[�=�^�1���Ã�g�Ž�P�–�8�g�Š���=�^��
�o�ì�Ž�	�8��
�·�ì�[�Š���Ž�����¿�^�=�Â���Ž�–�=�¢�É���8�g�–�¢�������ì���•�«�ì�^�¢�«�[���Š�Ž�g�1�Ž�ì�[�[�=�^�1��
�Ã�g�Ž�P�–�8�g�Š���8���S�������É���¡�(�Ž�=�Â�����ì�=�[�������ì�¢���–�¢�«�����^�¢�–���/�Ž�g�[���ì�S�S��
�¢���	�8�^�=�	�ì�S���à���S���–����

�ž�8�g�¢�g�^�=�	�–�����Š�Š�S�=�	�ì�¢�=�g�^�–���Ã�����=�^�ì�Ž�� 
�{�	�¢�g�����Ž�6�r�g�Â���[�����Ž��
To celebrate the 10th anniversary of the Photonics 
Master of Science program in University of Eastern 
Finland the popular Photonics M.Sc. level course 
was held in 2020 as a series of webinars open to 
everyone. The webinars consisted of applications 
of photonics and company overviews given by 
�Š�Ž�g�/���–�–�=�g�^�ì�S�–���g�/���¢�8�����à���S�����/�Ž�g�[���Â�ì�Ž�=�g�«�–���	�g�[�Š�ì�^�=���–����
and after each webinar a dedicated discussion 
�–���	�¢�=�g�^���g�Û���Ž�������^���¢�Ã�g�Ž�P�=�^�1���Š�g�–�–�=���=�S�=�¢�=���–�����·�8�����–���Ž�=���–��
�Ã�ì�–���[�ì�Ž�P���¢�������Š�ì�Ž�¢�=�	�«�S�ì�Ž�S�É���¢�g���[�ì�–�¢���Ž�6�S���Â���S���ì�^����
doctoral students in photonics in the PREIN partner 
universities, but also to anyone interested in 
�–�¢�«���É�=�^�1���g�Ž���Ã�g�Ž�P�=�^�1���=�^���¢�8�����à���S�����g�/���Š�8�g�¢�g�^�=�	�–���	�g�«�S����
�M�g�=�^�����·�8�����Ô�Ô�����=�Û���Ž���^�¢���–�Š���ì�P���Ž�–���Ž���Š�Ž���–���^�¢�������Š�8�g�¢�g�^�=�	��
related companies from large corporations such as 
�O�«�ì�Ã���=���¢�g���–�¢�ì�Ž�¢���«�Š�–���S�=�P�����Ö���È�S�«�[��

�T�^���¢�8�����à�Ž�–�¢�����Â���^�¢���¢�8���Ž�����Ã���Ž�����[�g�Ž�����¢�8�ì�^���Ú�Ò���Š�ì�Ž�¢�=�	�=�6
pants and the number of participants in the other 
events varied between 40–50 participants in each 
webinar. 

maarit
Voiko tätä kuvaa aiheesta käyttää? 
Laatu riittävä painoa varten.
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�{�«�¢�Ž���ì�	�8��

�ª�g�	�=���¢�ì�S���=�[�Š�ì�	�¢��

The aims to increase the visibility of photonics and 
educate the general public about the possibilities 
�S�=�1�8�¢�6���ì�–�������¢���	�8�^�g�S�g�1�=���–���	�ì�^���g�Û���Ž���ì�Ž�����=�[�Š�g�Ž�¢�ì�^�¢��
for PREIN. To reach these goals PREIN had reserved 
a place in Suomi Areena, one of the most popular 
events on politics, society, culture and sports in 
Finland, for July 2020. The event was postponed to 
summer 2021, when also PREIN will participate. 

PREIN has designed a Finnish brochure on photonics 
�ì�=�[�������ì�¢���^�g�^�6���È�Š���Ž�¢���ì�«���=���^�	���–�����–�«�	�8���ì�–���M�g�«�Ž�^�ì�S�=�–�¢����
policy makers, and practically anyone. The PREIN 
partner VTT also launched an animated video both 
in Finnish and English on photonics. 

The visibility of photonics is also increased by 
stories in popular media. There were 20 news 
stories on photonics published national media. In 
2020 PREIN and the popular science magazine Tiede 
�[�ì�������ì���	�g�^�¢�Ž�ì�	�¢���g�^���ì���–���Ž�=���–���g�/���Š�g�Š�«�S�ì�Ž�=�Ó�������–�	�=���^�¢�=�à�	��
�ì�Ž�¢�=�	�S���–���g�^���[�ì�M�g�Ž���Š�8�g�¢�g�^�=�	���ì�Š�Š�S�=�	�ì�¢�=�g�^�–�����·�8�����à�Ž�–�¢��
article in the series will be published in 2021.

�·�8�����ž�¢�/�T�r���^���Ã�–�S���¢�¢���Ž���Ã�ì�–���Š�«���S�=�–�8���������=�6�[�g�^�¢�8�S�É��
during the year. PREIN twitter account reached more 
than 450 followers in 2020

PREIN partner universities and researchers provide 
visiting lectures and workshops as well as lab visits 
to school groups regularly and these activities were 
carried out also in 2020.

�·�=�����g�^���Â�ì�S�g�ì�����Â���^�¢���c�ì�^�«�ì�Ž�É��
�·�8�����B�·�=�����g�^���Â�ì�S�g�ì�C�����Â���^�¢���¢�ì�Ž�1���¢�������¢�g���/�ì�[�=�S�=���–���ì�^����
�	�8�=�S���Ž���^���Ã�ì�–���g�Ž�1�ì�^�=�Ó�������=�^���·�ì�[�Š���Ž���6�¢�ì�S�g���8�ì�S�S���g�^��
January 25th January attracted 4,408 visitors. The 
PREIN partner Tampere University had a stand 
featuring photonics lab demos and providing 
information on the practical applications of 
the science of light. Several of the other demos 
and research presented also rely on photonics 
applications including the virtual reality gear, drones 
and robots.

�T�^�¢���Ž�^�ì�¢�=�g�^�ì�S���(�ì�É���g�/���g�=�1�8�¢���o�ì�É���Ó�Ø�¢�8��
During the week before the International Day of 
Light in 2020, PREIN, its partner organizations and 
researchers shared videos, information and pictures 
on light and photonics in social media with a focus 
on our outreach activities. 
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�ª�8�ì�P�=�^�1���«�Š���·���	�8���{�	�¢�g�����Ž
�ž�Ž�g�/���–�–�g�Ž���O���S�����ª�ì�Â�=�^�����Ã�8�g���–�¢�«���=���–���Š�8�g�¢�g�Â�g�S�¢�ì�=�	�–����
solar energy and solar panels at Aalto University 
is a great role model for young girls and one of the 
speakers in the Shaking up Tech event organized in 
October 2020. This year the Shaking up Tech event 
�Ã�ì�–���g�Ž�1�ì�^�=�Ó�������/�«�S�S�É���g�^�6�S�=�^�����ì�^�����g�Š���^���/�g�Ž���ì�^�É�g�^����
interested. 

�o�=�S�S���^�^�=�«�[���Ý�g�«�¢�8���ž�Ž�=�Ó�����{�	�¢�g�����Ž��
�·�8�����à�^�ì�S���g�/���¢�8�����o�=�S�S���^�^�=�«�[���Ý�g�«�¢�8���ž�Ž�=�Ó�����Ã�ì�–���8���S�����=�^��
�{�	�¢�g�����Ž���Ô�Ò�Ô�Ò�����T�^���¢�8�������Â���^�¢���¢�8�����à�^�ì�S�=�–�¢�–���Š�Ž���–���^�¢������
their solutions to one of the six challenges given by 
�Š�Ž�g�/���–�–�g�Ž�–���/�Ž�g�[�����=�Û���Ž���^�¢���¢���	�8�^�=�	�ì�S���à���S���–�����{�^�����g�/���¢�8����
�	�8�ì�S�S���^�1���–���Ã�ì�–���Š�Ž�g�Â�=�����������É���O���S�����ª�ì�Â�=�^���/�Ž�g�[�����ì�S�¢�g��
�¿�^�=�Â���Ž�–�=�¢�É�����O���Ž���	�8�ì�S�S���^�1�����Ã�ì�–�����O�g�Ã�����g���Ã�����8�ì�Ž�^���–�–��
the potential of light to combat climate change?

�·�8�����ž�8�g�¢�g�^�=�	�–���/�È�Š�S�g�Ž���Ž���e�=�¢���	�ì�[�Š�ì�=�1�^��
�·�8�����ž�8�g�¢�g�^�=�	�–���/�È�Š�S�g�Ž���Ž���e�=�¢���*�ž�/�e�+���=�–���ì�^���=�^�¢�Ž�ì�6
curricular educational kit with a focus on 
���È�Š���Ž�=�[���^�¢�ì�S���S�=�1�8�¢�6�Ž���S�ì�¢�������Š�8�É�–�=�	�–�������–�Š���	�=�ì�S�S�É���Ž���S�É�=�^�1��
�g�^���8�ì�^���–�6�g�^���Ã�g�Ž�P���ì�^�����«�¢�=�S�=�Ó�=�^�1���–�	�=���^�¢�=�à�	���[���¢�8�g���–����
�/�È�Š���Ž�=�[���^�¢�–���ì�Ž�����Š�g�–�–�=���S�����Ã�=�¢�8���g�Â���Ž���Ó�Ó�Ò���8�=�1�8�6�	�S�ì�–�–��
and durable components, such as lenses, LED and 
�S�ì�–���Ž���[�g���«�S���–�������=�Û�Ž�ì�	�¢�=�g�^���1�Ž�ì�¢�=�^�1�–���ì�^�����Š�g�S�ì�Ž�=�Ó���Ž�–����

In 2020, PREIN together with Photonics Finland 
organized a campaign for companies and private 
persons to donate kits to local schools. The 
campaign was launched on the International Day of 
Light in May with the aim to have 60 new Photonics 
Explorer Kits donated to schools by the end of 2020. 
Each private donation was matched up with one kit 
from PREIN and one from Photonics Finland. The 
target for the campaign was reached already in 
October, but the campaign will be continued in 2021 
with the aim to donate another 60 kits.

�ž�Ž�g�/���–�–�g�Ž���O���S�����ª�ì�Â�=�^���/�Ž�g�[�����ì�S�¢�g���Ž���Š�Ž���–���^�¢�������ž�¢�/�T�r���=�^���¢�8����
�ª�8�ì�P�=�^�1���«�Š���·���	�8���ì�^�����¢�8�����o�=�S�S���^�^�=�«�[���Ý�g�«�¢�8���ž�Ž�=�Ó�������Â���^�¢�–��

�·�8�����ž�8�g�¢�g�^�=�	�–���/�È�Š�S�g�Ž���Ž���e�=�¢���ì�S�S�g�Ã�–���–�¢�«�����^�¢�–���¢�g�����È�Š���Ž�=�[���^�¢��
�ì�^�����S���ì�Ž�^�����É�����g�=�^�1����

�ž�Ž�=�Ó���–���ì�^�������	�P�^�g�Ã�S�����1���[���^�¢�–

Professor Zhipei Sun from Aalto University was elected as a 
Fellow Member of the Optical Society.

Professor Zhipei Sun was selected as one of the most cited 
�Ž���–���ì�Ž�	�8���Ž�–���=�^���¢�8�����Ã�g�Ž�S�������·�8�����O�=�1�8�S�É���!�=�¢�������¢���–���ì�Ž�	�8���Ž�–��
list produced by the Web of Science Group includes 6,200 
researchers whose articles are among the one percent of most 
�	�=�¢�������ì�Ž�¢�=�	�S���–���=�^���¢�8���=�Ž���à���S����

maarit
Zhipei Sun kuva, sama PREIN websivulla  – onko kuvalle vaihtoehtoja? 
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�F�«�^���=�^�1

2020 FUNDING DISTRIBUTION

Other Academy of Finland funding 9.3%

University/research institute’s funding 51.7%

Business Finland 11.9%

EU 14.7%

Business companies 9.3%

Other Finnish & foreign 2.4%

�/�È�¢���Ž�^�ì�S���=�^�6�P�=�^�����	�g�^�¢�Ž�=���«�¢�=�g�^���¢�g���¢�8�����á�ì�1�–�8�=�Š0.7%

�Ô�Ò�Ô�Ò���F�«�^���=�^�1���–�g�«�Ž�	���–

University/research institute’s funding

Business Finland

EU

Business companies

Other Finnish & foreign

�/�È�¢���Ž�^�ì�S���=�^�6�P�=�^�����	�g�^�¢�Ž�=���«�¢�=�g�^���¢�g���¢�8�����á�ì�1�–�8�=�Š

Other Academy of Finland funding

maarit
Funding – tuleeko johdantoa / tekstiä?
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�×�8���Ž�����¢�g���à�^�����«�–

�F�g�S�S�g�Ã���g�«�Ž���Ã�����–�=�¢�������Š�Ž���=�^���à

�F�g�S�S�g�Ã���«�–���g�^���·�Ã�=�¢�¢���Ž���� 
�•�á�ì�1�–�8�=�Š�Š�Ž���=�^

�ª�«���–�	�Ž�=�������¢�g���g�«�Ž���r���Ã�–�S���¢�¢���Ž�����Š�Ž���=�^���à��



38

For direct inquiries:

�H�g�#�Ž�É���H���^�¢�É 
PREIN Director 
Tampere University  
�1�g���Ž�É���1���^�¢�É�•�¢�«�^�=���à

�c�É�Ž�P�=���ª�ì�ì�Ž�=�^���^ 
�ž�¢�/�T�r���Ö�=�	���6�(�=�Ž���	�¢�g�Ž�� 
and Industry Specialist  
University of Eastern Finland  
�M�É�Ž�P�=���–�ì�ì�Ž�=�^���^�•�«���/���à

�c�«�8�ì���ž�«�Ž�[�g�^���^ 
PREIN Impact Manager 
University of Eastern Finland  
�M�«�8�ì���Š�«�Ž�[�g�^���^�•�«���/���à

�·���ì���Ö���S�S�ì�[�g 
PREIN Administrative Coordinator  
Tampere University  
�¢���ì���Â���S�S�ì�[�g�•�¢�«�^�=���à
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