
Master Lectures on Photonics Integration

VCSEL Photonics for Communications 
and 3D Sensing

 Prof. Fumio Koyama

Institute of Science Tokyo (formerly Tokyo Institute of Technology)

Venue: IB202, National Taiwan University of Science and Technology, Taipei, Taiwan 

Time: 16:30-17:30, Feb. 17, 2025 

Sponsorship: National Science and Technology Council (NSTC) and Heterogeneously-integrated Silicon 

Photonic Integration Center (HiSiPIC) of National Taiwan University of Science and Technology 

(Taiwan Tech), Ministry of Education (MoE) Yushan Fellow Program 

Fumio Koyama received his Ph.D. degree from Tokyo Institute of Technology, Japan, 
in 1985. For 40 years at Tokyo Institute of Technology, he has been one of the 
leading researchers in VCSEL photonics. He served as the Director-General (Dean) of 
Institute of Innovative Research at Tokyo Institute of Technology from 2018 to 2020. 
Since 2023, he has been Professor Emeritus, as well as Head of the VCSEL 
Photonics Research Unit at the Institute of Innovative Research, and a Specially 
Appointed Professor. His research interests include high-speed VCSEL photonics, 
photonic integrated devices, and 3D optical sensing. He has authored or co-authored 
over 1,000 journal and conference papers, including more than 100 invited talks. 

Master Lectures on Photonics Integration 

Optical Beams – the next Breakthrough in
Broadband Wireless Communication

Ton Koonen
Professor Emeritus, Bell Labs Fellow, IEEE Fellow, OPTICA Fellow

Eindhoven Univ. of Technology, Eindhoven, The Netherlands

Venue: IB302, National Taiwan University of Science and Technology, Taipei, Taiwan

Time: 15:30-17:00, Oct. 23, 2024

Sponsorship: National Science and Technology Council (NSTC) and Heterogeneously-integrated Silicon

Photonic Integration Center (HiSiPIC) of National Taiwan University of Science and Technology

(NTUST)

Abstract: The fast-growing demand for wireless delivery of broadband services is exhausting the
capabilities of radio-based communication technologies. Like in wired connections, also in wireless
connectivity there is a huge yet largely unexploited potential in optical communication technologies. By
means of carefully steered narrow infrared beams, high capacity individual links to users at high user
densities can be created. A concise overview will be given of the key technologies for the beam steering,
user localization and beam reception, as well as of the architecture of indoor broadband optical wireless
systems and experimental testbed results. The applications will be discussed, and the capabilities
compared with those of radio-based wireless indoor systems. Finally, an outlook on further progress is
given.

Biography: Ton Koonen worked from 1979 until 2000 in applied research, at
Philips’ Telecommunication Industry, and latest at Bell Laboratories, Lucent
Technologies. From 1993 to 2000 he also was a part-time professor at University of
Twente. From 2001 to Feb. 2021, Ton was full-time professor in Broadband
Communication Systems (in particular optical communication systems) at
Eindhoven Univ. of Technology. He served as chairman of the group Electro-
Optical Communication Systems, and as vice-dean for research of the department
Electrical Engineering.
Ton is a Bell Labs Fellow (the first in Europe), IEEE Fellow, OPTICA (formerly

OSA) Fellow, and was appointed ‘Ridder in de Orde van de Nederlandse Leeuw’ in 2021. He received
an Advanced Investigator Grant in 2012, the most prestigious personal grant of the European Research 
Council, for research on optical wireless communication techniques. 
Ton (co-)authored more than 750 journal and conference papers, and filed 13 patents. His research
interests include optical fiber communication networks, fiber-to-the-home, indoor networks, spatial
division multiplexing, radio-over-fiber techniques, and most recently optical wireless communication.

The 47 years of research and development have ushered in a new era of VCSEL 
photonics, encompassing high-speed optical interconnects in datacenter networks and 3D sensing. 
Numerous unique features have already been established. The market for VCSELs has been 
expanding rapidly, and they are now recognized as indispensable devices underpinning the information 
society, from data communications to smart sensing, due to their distinctive attributes such as low 
power consumption, high-speed modulation, and 2D-array configuration. VCSELs have played a 
crucial role in advancing high-density optical interconnects for high-performance computing and 
datacenter networks. Recent developments in AI clusters necessitate increased interconnect 
bandwidths and reduced power consumption. High-speed VCSELs have been intensively developed 
in response to the rapid growth in network traffic, with data rates reaching 100 Gbps or higher. 
Additionally, 3D sensing has garnered significant attention for a wide range of applications, including 
face ID in mobile phones, LiDAR for autonomous vehicles, distance sensors for robots, security 
cameras, and motion sensors in virtual reality. In this talk, the advancements in VCSEL 
photonics will be reviewed. We present a lateral integration platform, including high-speed coupled 
cavity VCSELs for datacenter networks, along with their linear drive optics (LPO) and co-
packaged optics (CPO). Furthermore, we demonstrate a VCSEL-based solid-state scanner with 
high resolution and a large field of view. Fumio Koyama  Hirose Prize, and the 2024 IEEE 
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