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Preface

iNOW 2026 Co-Chairs

Dieter Bimberg
Changchun Institute of Optics, 

Fine Mechanics and
Physics, CAS/TU Berlin

Yidong Huang
Tsinghua University

Connie Chang-Hasnain
Berxel Photonics and Chinese 

University of Hong Kong (Shenzhen)

Chairs’ Welcome Message

Launched in 2006, exploring cutting-edge developments in semiconductor optoelectronics and 
nanophotonics, the international Nano-Optoelectronics Workshop (iNOW) has flourished for 20 
years in its unique form. Unlike conventional conferences, iNOW features a distinctive immersive 
interactive mode, featuring tutorial-style talks given by optoelectronic science and technology 
leaders from academia and industry, poster sessions for student presentations, and ample time for 
discussions and informal interactions among all participants. A hallmark of iNOW is its dedication to 
young talent cultivation, offering graduate students and early-career researchers valuable face-
to-face interactions with top photonics experts to access frontier research and broaden academic 
horizons.

iNOW-2026 will be hosted by Tsinghua University in the campus of the University of Chinese Acad-
emy of Sciences (UCAS) located by the beautiful Yanxi Lake in the suburb of Beijing and Tianjin 
Sino-Canton Ecological City, the base for the industrial transformation of optoelectronic technolo-
gy of Tsinghua University. iNOW-2026 inherits the mature, well-structured agenda of past events. It 
includes twenty-three sessions for invited lecture, two poster sessions, and an industrial forum. A spe-
cial tour of H-Chip Tech, which is a large-scale wafer fabrication platform for nano-optoelectronic 
chips in China, as well as variety of events, such as excursions to the APEC venue at Beijing Yanqi 
Lake and Mutianyu Great Wall, Haihe River cruise, and a concert of “A date with light” are also or-
ganized.  

We would like to express our gratitude to all invited speakers, sponsors, and organizers who have 
made iNOW-2026 possible, and extend our warmest welcome to all the participants. We hope you 
will enjoy the lectures and the social events, and take advantage of the unique workshop format to 
establish collaboration and exchange ideas with colleagues from all over the world. Have a great 
time at iNOW-2026!
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Program at a Glance

Thu, 8/6 Fri, 8/7 Sat, 8/8 Sun, 8/9 Mon, 8/10

08:00-08:30 Registration Registration Registration Registration

08:30-09:00 Opening Session
 Session II-1 

Chair: Yasuhiko 
Arakawa  

Gadi Eisenstein 
(08:45-09:30) 
Kei May Lau 
(09:30-10:15) 

Session III-1 
Chair: Kei May Lau 

Hong-Bo Sun 
(08:45-09:30) 

Siyuan Yu 
(09:30-10:15) 

Session IV-1 
Chair: Frédéric Grillot 

Grzegorz Sęk 
(08:45-09:30) 

David Gershoni 
(09:30-10:15)

09:00-09:30  Session I-1 
Chair: Connie 

Chang-Hasnain 
Dieter Bimberg 
(09:00-09:45) 

Yasuhiko Arakawa 
(09:45-10:30)

09:30-10:00

10:00-10:30

10:30-11:00

Session II-2 
Chair: Grzegorz Sęk

Fabrice Raineri 
(10:45-11:30) 
Qijie Wang 

(11:30-12:15)

Session III-2 
Chair: Hong-Bo Sun 

Frédéric Grillot 
(10:45-11:30) 
Xiaowei Sun 
(11:30-12:15)

Session IV-2 
Chair: Fabrice Raineri 
Nobuhiko Nishiyama 

(10:45-11:30)
Wei Shi

(11:30-12:15)

11:00-11:30 Session I-2 
Chair: Dieter Bimberg 

Connie Chang-
Hasnain 

(11:00-11:45) 
Fumio Koyama 

(11:45-12:30)

11:30-12:00

12:00-12:30

12:30-13:00

Lunch Lunch Lunch Lunch
13:00-13:30

13:30-14:00 Session I-3 
Chair: Fumio Koyama 

Kenichi Iga 
(13:30-14:15) 

Huiyun Liu 
(14:15-15:00)

Session II-3 
Chair: Siyuan Yu 
Yoshiaki Nakano 

(13:30-14:15) 
Xiulai Xu 

(14:15-15:00) Industry Forum 
Chair: Yidong Huang

14:00-14:30

Event 2

14:30-15:00

15:00-15:30

Registration

Session I-4 
Chair: Gadi Eisen-

stein 
Alfred Forchel 
(15:15-16:00) 

Fei Ding 
(16:00-16:45)

15:30-16:00

Poster Session I 
Chair: Dieter Bimberg

16:00-16:30

Event 1
16:30-17:00

17:00-17:30

Visit UCAS
17:30-18:00

After 18:00 Welcome Reception

Special Dinner for 
Invited Speakers

Buffet Dinner for Stu-
dents

Casual Buffet Dinner Award Banquet Casual Buffet Dinner
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Tue, 8/11 Wed, 8/12 Thu, 8/13 Fri, 8/14 Sat, 8/15

08:00-08:30 Registration

Bus to Tsinghua Uni-
versity

Registration Registration Registration

08:30-09:00

Session V-1 
Chair: Bala Pesala 

Xingde Li 
(08:45-09:30) 
Weijian Yang 
(09:30-10:15)

Session VI-1 
Chair: Limin Tong 
Vladimir G. Du-

brovskii 
(08:45-09:30) 

Hongsheng Chen 
(09:30-10:15) 

Session VII-1 
Chair: Lars Samuel-

son
Ady Arie 

(08:45-09:30) 
Fang Liu 

(09:30-10:15)

Session VIII-1 
Chair: Cunzhu Tong 

Baile Zhang 
(08:45-09:30) 

Min Qiu 
(09:30-10:15)

09:00-09:30

09:30-10:00

Tsinghua Campus 
Tour

10:00-10:30

10:30-11:00

Session V-2 
Chair: David Gersho-

ni 
Bala Pesala 
(10:45-11:30) 

Ming Li 
(11:30-12:15)

Session VI-2 
Chair: Guillaume 

Huyet
Limin Tong 

(10:45-11:30) 
Tao Li 

(11:30-12:15)

Session VII-2 
Chair: Baile Zhang 

Lars Samuelson 
(10:45-11:30) 

Zhangyuan Chen 
(11:30-12:15)

Session VIII-2 
Chair: Ady Arie 
Cunzhu Tong 
（10:45-11:30) 

Jin Liu 
(11:30-12:15)

11:00-11:30

11:30-12:00

12:00-12:30

Lunch12:30-13:00

Lunch Lunch Lunch Lunch
13:00-13:30

13:30-14:00

Session V-3 
Chair: Xingde Li

Sven Höfling
(13:30-14:15)

Takuo Tanemura
(14:15-15:00)

Qing Dai
(15:00-15:45)

Session VI-3 
Chair: Hongsheng 

Chen 
Si-Cong Tian
(13:30-14:15)

Session VII-3 
Chair: Hongyan Fu
Guillaume Huyet

(13:30-14:15)

Session VIII-3 
Chair: Vladimir G. 

Dubrovskii 
Hongyan Fu 
(13:30-14:15) 

Xinghui Li 
(14:15-15:00)

14:00-14:30

Concert
14:30-15:00

Poster Session II 
Chair: Yidong Huang

Visit H-Chip

15:00-15:30

Bus to Tianjin
15:30-16:00

Free

16:00-16:30

Free
16:30-17:00

17:00-17:30

Event 3
17:30-18:00

After 18:00 Casual Buffet Dinner Casual Buffet Dinner Casual Buffet Dinner Award Banquet



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

8

Detailed Program

 iNOW 2026 Program Summary

Venue 1: Conference Center of UCAS
Venue 2: Hilton Tianjin Eco-City

Thursday, August 6, 2026 (Venue 1)
15:00-18:00 Registration 

18:15-21:00 Welcome Reception Dinner

Friday, August 7, 2026 (Venue 1)
8:00-8:30 Registration

8:30-9:00
Opening Session

Opening Remarks by Dieter Bimberg
Connie Chang-Hasnain

Session I-1         Chair: Connie Chang-Hasnain

9:00-9:45

Dieter Bimberg, Changchun Institute of Optics, Fine Mechanics and Physics, 
CAS/TU Berlin

Quantum Dot Lasers and Amplifiers for Energy-Efficient Multi Terabit Data Com-
munication

9:45-10:30
Yasuhiko Arakawa, The University of Tokyo

Quantum Dots: A Key Nanostructure for Photonic-Electronic Convergence for 
Future AI

10:30-11:00 Group Photo
Tea & Coffee Break

Session I-2         Chair: Dieter Bimberg

11:00-11:45

Connie Chang-Hasnain, Berxel Photonics and Chinese University of Hong Kong 
(Shenzhen)

High-Speed Back Emitting 1060 nm VCSEL for AI Scale-up Optical Interconnects

11:45-12:30
Fumio Koyama, Institute of Science Tokyo

Forty Years of VCSEL Innovation: From Fundamental Principles to Terabit-Scale 
Optical Interconnects

12:30-13:30 Lunch
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Session I-3         Chair: Fumio Koyama

13:30-14:15
Kenichi Iga, Institute of Science Tokyo (Online: ZOOM)

Vertical-Cavity Surface-Emitting Laser (VCSEL): Principle, Physics, and Industries

14:15-15:00
Huiyun Liu, University College London

Si-based III-V Quantum Dot Lasers for Si Photonics

15:00-15:15 Tea & Coffee Break

Session I-4         Chair: Gadi Eisenstein

15:15-16:00

Alfred Forchel, nanoplus Nanosystems and Technologie/Sensalight 
Technologies/University of Würzburg

Progress in Longitudinal Single Mode Lasers for Sensing

16:00-16:45
Fei Ding, Leibniz University Hannover

Towards Long Distance Quantum Communication with Deterministic Single 
Photon Sources

16:45-18:30 UCAS Campus Tour for Invited Speakers
Free Time for Students

18:30-20:30 Special Dinner for Invited Speakers
Buffet Dinner for Students

Saturday, August 8, 2026 (Venue 1)
8:15-8:45 Registration

Session II-1         Chair: Yasuhiko Arakawa

8:45-9:30
Gadi Eisenstein, Technion - Israel Institute of Technology

Quantum Optics and Noise Squeezing in Quantum Dot Gain Media

9:30-10:15
Kei May Lau, Hong Kong University of Science and Technology

TE and TM InP/GaAsP Dot-in-Well (DWELL) Lasers and Lateral DBR Lasers Selec-
tively Grown on SOI

10:15-10:45 Tea & Coffee Break

Session II-2          Chair: Grzegorz Sęk

10:45-11:30
Fabrice Raineri, Université Côte d’Azur

InP on Silicon Nanolaser Diodes

11:30-12:15
Qijie Wang, Nanyang Technological University

Electrically-pumped Topological Photonic Crystal Lasers
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12:15-13:30 Lunch 

Session II-3          Chair: Siyuan Yu

13:30-14:15
Yoshiaki Nakano, Toyota Technological Institute

Optical Neural Network Chip Based on Multiple-Plane Lightwave Conversion

14:15-15:00
Xiulai Xu, Peking University

Controlling Excitons and Their Interactions with Cavities

15:00-15:30 Tea & Coffee Break

Poster Session I     Chair: Dieter Bimberg

15:30-16:30 Poster Summary Talk (2 minutes each)

16:30-18:00 Poster Viewing

18:00-20:30 Casual Buffet Dinner

Sunday, August 9, 2026 (Venue 1)
8:15-8:45 Registration

Session III-1         Chair: Kei May Lau

8:45-9:30
Hong-Bo Sun, Tsinghua University

Optical Close-to-atom-scale Manufacturing for Quantum Chips

9:30-10:15
Siyuan Yu, Sun Yat-sen University

Heterogeneous Integration of Photonic and Optoelectronic Materials and 
Components

10:15-10:45 Tea & Coffee Break

Session III-2         Chair: Hong-Bo Sun

10:45-11:30
Frédéric Grillot, Université Laval

Quantum Photonics Enabled by Semiconductor Quantum Dots

11:30-12:15
Xiaowei Sun, Southern University of Science and Technology

A Metasurface Waveguide for Full-color AR Displays

12:15-13:30 Lunch 
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Industry Forum     Chair: Yidong Huang

13:30-14:00 Alexey Gubenko

Quantum Dot Lasers and SOAs for Modern Datacom and Optical Ranging

14:00-14:30
Yi (Frank) Rao, Goeroptics

Scaling Augmented Reality Waveguide by Nanofabrication

14:30-15:00 Pan Cao, Huawei Technologies Co., Ltd.

Optical Interconnect Evolution for AI Data Center

15:00-15:30 Jun Wang, Sichuan University & Suzhou Everbright Photonics Co., Ltd

High Performance Semiconductor Lasers

15:30-16:00 Kaiyu Cui, Tsinghua University

Lab to Fab: On-chip Spectral Imaging and Sensing

16:00-18:00 Event 1

18:00-21:00 Banquet

Monday, August 10, 2026 (Venue 1)
8:15-8:45 Registration

Session IV-1         Chair: Frédéric Grillot

8:45-9:30
Grzegorz Sęk, Wrocław University of Science and Technology

Exploring the Unique Properties and Application Potential of InAsP/InP Quantum 
Dots in Nanowires

9:30-10:15
David Gershoni, Technion - Israel Institute of Technology

Deterministic Generation of a Large-scale Multi-photon GHZ state

10:15-10:45 Tea & Coffee Break

Session  IV-2        Chair:  Fabrice Raineri

10:45-11:30
Nobuhiko Nishiyama, Institute of Science Tokyo

Photonic Integrated Circuits with Heterogeneous Materials Integration and
Photonic-Electronic Co-design Technologies

11:30-12:15
Wei Shi, Université Laval

Ultra-High Bandwidth-Density Integrated Coherent Optics

12:15-14:00 Lunch 

14:00-16:00 Event 2

18:00-19:20 Casual Buffet Dinner 
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Tuesday, August 11, 2026 (Venue 1)
8:15-8:45 Registration

Session V-1         Chair: Bala Pesala

8:45-9:30
Xingde Li, Johns Hopkins University

Low-Coherence Biophotonic Imaging for Seeing the Unseen

9:30-10:15
Weijian Yang, University of California, Davis

High-speed Miniaturized Two-photon Microscope

10:15-10:45 Tea & Coffee Break

Session V-2          Chair: David Gershoni

10:45-11:30
Bala Pesala, Ayur.AI & Adiuvo Diagnostics

Photonics for Clinical Diagnostics: Cancer Margins, Bacterial Detection, and 
Pulse Diagnostics

11:30-12:15
Ming Li, Institute of Semiconductors, CAS

Photonics-Electronics Convergence:  Oscillation, Computation and
Integration

12:15-13:30 Lunch 

Session V-3          Chair: Xingde Li

13:30-14:15
Sven Höfling, University of Würzburg

Deterministic Telecom-wavelength Quantum-dot Devices for Scalable Quan-
tum Photonics

14:15-15:00
Takuo Tanemura, The University of Tokyo

Metasurface Devices for Optical Communication and Interconnects

15:00-15:45
Qing Dai, Shanghai Jiao Tong University

Engineering Polariton Dispersion: Reversed Cherenkov Radiation and Flatland 
Wakes

15:45-16:15 Tea & Coffee Break

16:15-18:00 Free

18:00-20:45 Casual Buffet Dinner
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Wednesday, August 12, 2026 
Tsinghua Campus Tour

8:00 Check out from Venue 1

8:00-9:30 Bus to Tsinghua University

9:30-12:00 Tsinghua Campus Tour

12:00-13:20 Lunch

14:00-15:00 Concert 

15:00-17:00 Bus to Venue 2 (Tianjin)

18:00-20:00 Casual Buffet Dinner

Thursday, August 13, 2026 (Venue 2)
8:15-8:45 Registration

Session VI-1         Chair: Limin Tong

8:45-9:30
Vladimir G. Dubrovskii, St. Petersburg State University

III-V Ternary Nanowires: Building Blocks for Quantum Information Technologies

9:30-10:15
Hongsheng Chen, Zhejiang University

Frontiers of Intelligent Metamaterials and Metamaterials Intelligence

10:15-10:45 Tea & Coffee Break

Session VI-2          Chair: Guillaume Huyet

10:45-11:30
Limin Tong, Zhejiang University

Optical Nanofibers for Extreme Photonics

11:30-12:15
Tao Li, Nanjing University

Meta-optics 3.0: On-chip Metasurface for Revolutionary Applications

12:15-13:30 Lunch 

Session VI-3          Chair: Hongsheng Chen

13:30-14:15
Si-Cong Tian, Changchun Institute of Optics, Fine Mechanics and Physics, CAS

Energy-Efficient High-Speed Vertical-Cavity Surface-Emitting Lasers for Data 
Communication

14:15-14:45 Tea & Coffee Break
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Poster Session II     Chair: Yidong Huang

14:45-15:45 Poster Summary Talk (2 minutes each)

15:45-17:00 Poster Viewing

18:00-20:00 Casual Buffet Dinner

Friday, August 14, 2026 (Venue 2)
8:15-8:45 Registration

Session VII-1         Chair:  Lars Samuelson

8:45-9:30
Ady Arie, Tel Aviv University

Generation of High Dimensional Quantum Light and Its Application in Commu-
nication, Sensing and Computing

9:30-10:15
Fang Liu, Tsinghua University

Free-Electron Radiation with Micro/Nanostructures

10:15-10:45 Tea & Coffee Break

Session VII-2         Chair: Baile Zhang

10:45-11:30
Lars Samuelson, Southern University of Science and Technology / Lund University

Nanoscale Electrooptical Studies of Nanowires and NanoLEDs

11:30-12:15
Zhangyuan Chen, Peking University

Transmission over Anti-resonant Hollow-core Fibers

12:15-13:30 Lunch 

Session VII-3          Chair: Hongyan Fu

13:30-14:15
Guillaume Huyet, Univ. Provence-Alpes-Côte d’Azur

Coherent Coupling of Semiconductor Lasers for Energy-Efficient Frequency 
Combs and High-Bandwidth Sources

14:15-14:45 Tea & Coffee Break

14:45-17:00 Visit H-Chip

17:00-21:00 Event 3
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Saturday, August 15, 2026 (Venue 2)
8:15-8:45 Registration

Session VIII-1         Chair: Cunzhu Tong

8:45-9:30
Baile Zhang, Nanyang Technological University

Topological Photonic and Phononic Crystals: A Synthetic Universe of Waves

9:30-10:15
Min Qiu, Westlake University

Metasurface Nanophotonic Devices Based on Superhard Materials

10:15-10:45 Tea & Coffee Break

Session VIII-2          Chair: Ady Arie

10:45-11:30
Cunzhu Tong, Changchun Institute of Optics, Fine Mechanics and Physics, CAS

Triple-lattice Photonic Crystal Surface Emitting Lasers

11:30-12:15
Jin Liu, Sun Yat-Sen University

Semiconductor Cavity Quantum Electrodynamics

12:15-13:30 Lunch 

Session VIII-3          Chair: Vladimir G. Dubrovskii

13:30-14:15
Hongyan Fu, Tsinghua University

Integrated Photonics for LiDAR

14:15-15:00
Xinghui Li, Tsinghua University

Holographic Lithography for Grating Fabrication and Atomic-scale Characteri-
zation of Gratings

15:00-15:30 Tea & Coffee Break

15:30-17:30 Free

18:00-20:30 Award Banquet

Sunday, August 16, 2026 
Departure
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Si-Cong Tian Changchun Institute of Optics, Fine Mechanics and 
Physics, CAS 131
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Xiulai Xu Peking University 37
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Baile Zhang Nanyang Technological University 193
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Session I-1Quantum Dot Lasers and Amplifiers for Energy-Efficient Multi Terabit 
Data Communication 

 
Dieter Bimberg 

Bimberg Chinese-German Center for Green Photonics of the Chinese Academy of Sciences at CIOMP and 
Center of Nanophotonics TU Berlin 

 
Abstract QD-based lasers and amplifiers present a backbone of novel energy-efficient multi-Tb/s optical networks at 1.3 
and 1.55 µm. Fundamentals are explained and latest progress is reported. 

 
The rapidly growing demand for higher data rates in metropolitan area networks, local area networks, and optical access 
networks, requires novel ultra-high bit rate sources, which are more energy efficient than any semiconductor laser sources 
presently existing [1,3,4]. Quantum Dot Lasers based on GaAs/InP emit at 1.3/1.55 µm, respectively. They show record 
low threshold current density, and complete temperature stability beyond 80°C [2]. Emission from the saturated ground 
state shows a hat-like structure with intensity differences of the longitudinal modes below 0.5 db. Passive mode-locking 
generates pulses down to the sub- ps range at repetition rates up to 90 GHz. Optical self-feed-back reduces the jitter to 
200 fs, reaching an electrical linewidth of 2 kHz. PML QD-lasers are also excellent microwave sources showing the same 
extremely small phase noise as the optical pulses. Multiplexed 80 Gbit/s RZ OOK based on PML-QDLs and Mach-Zehnder 
modulators show a S/N of 12, rms timing jitter of 452 fs and BER below 10exp-9. Data transmission across 45 km using 
RZ Differential Quadrature Phase-Shift Keying (DQPSK) with BER below 10exp-11 is demonstrated. The hat spectrum of 
one single laser of several tens of closely spaced narrow is a pulse source for bit rates ~ 6 TBit/s. SOAs based on QDs 
show superior properties at 1.3 µm as compared to QW-based ones. These devices and more have been commercialized 
by Innolume GmbH, Dortmund. 
References 
1. G.Eisenstein and D.Bimberg, eds.: “Green Photonics and Electronics”, Springer 2017 
2. N. Kirstaedter-et al., Low threshold, large To injection-laser emission from (InGa)As Quantum dots, El. Lett. 30, 1416, 
1984 
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Abstract This lecture reviews the evolution of quantum dots from semiconductor quantum structures to key enabling 
technologies for photonic–electronic convergence, silicon photonics, quantum photonics, and Physical AI, highlighting their 
transformative impact on future information infrastructures. 
 
Recent advances in XPU computing, represented by graphics processing units (GPUs), have driven a dramatic 
leap in the computational capability of artificial intelligence (AI). AI is now evolving from the era of Generative 
AI toward Physical AI, which directly interacts with the physical world, while computing architectures are 
shifting from centralized cloud computing to distributed edge computing capable of real-time processing. At 
the same time, this AI revolution has led to an explosive increase in both data traffic and power consumption 
in data centers, exposing the fundamental challenge of ensuring the energy sustainability of future information 
infrastructures. 
 
Against this backdrop, data-center architectures are rapidly transitioning from conventional electrical 
interconnects based on metallic wiring to optical interconnects. This technological trend is accelerating the 
realization of a new design paradigm—Photonic–Electronic Convergence (PEC)—in which photonic and 
electronic technologies are co-designed and seamlessly integrated. Since the late 2000s, as the continued 
scaling of electronic circuits has encountered fundamental physical and power-consumption limits, replacing 
electrical interconnects within and between LSIs with optical links has emerged as a practical approach to 
simultaneously improving system performance and energy efficiency. Today, PEC has expanded beyond data-
center communications to encompass AI computing infrastructures and edge computing, with silicon photonics 
and co-packaged optics (CPO) serving as its key enabling technologies. 
 
One of the most critical components of silicon photonics is the optical light source. However, because silicon 
is an indirect-bandgap semiconductor, it is intrinsically incapable of efficient light emission. Consequently, 
hybrid integration of III–V compound semiconductors with silicon is expected to remain the most practical 
solution for the foreseeable future. In this context, quantum dot (QD) lasers have attracted considerable 
attention as ideal light sources for CPO, owing to their unique combination of low threshold current, excellent 
temperature stability, and exceptional tolerance to optical feedback, enabling ultra-compact optical engines to 
be integrated in close proximity to heat-generating LSIs. 
 
The concept of quantum dots can be traced back to the superlattice and quantum-well structures proposed by 
Leo Esaki in 1970 [1]. Quantum wells subsequently led to the development of quantum-well lasers and high-
electron-mobility transistors (HEMTs), which have become indispensable technologies supporting today's 
information society. Nevertheless, carriers in quantum wells retain at least one degree of freedom. In contrast, 
the quantum dots proposed by Arakawa and Sakaki in 1981–1982 [2] introduced complete three-dimensional 
carrier confinement, resulting in fully discrete energy states and establishing a new paradigm in semiconductor 
quantum nanostructures. Subsequent advances in self-assembled growth technology enabled the practical 
realization of QD lasers, whose outstanding device characteristics have since been extensively demonstrated 
[3–5]. 
 
Quantum dots have subsequently evolved beyond laser gain media to become versatile quantum light sources 
that exhibit excellent compatibility with photonic nanostructures and can be electrically driven [6–9]. They are 
now regarded as key building blocks for quantum integrated photonics, with promising applications ranging 
from quantum key distribution and quantum networks to optical quantum computing. 
Viewed from this broader perspective, the progression from Esaki's quantum structures to the three-
dimensional quantum confinement of quantum dots, and further to photonic–electronic convergence and 
Physical AI, represents a continuous evolution of semiconductor quantum science. One hundred years after 
the birth of quantum mechanics, semiconductor quantum science is entering a new era in which it is no longer 

merely an enabling technology for electronic and photonic devices, but a fundamental scientific platform that 
will shape the information infrastructure of future society. 
 
In this presentation, we first review the early development of quantum dot lasers, including the original 
theoretical proposal, the experimental demonstration of temperature-insensitive threshold current operation, 
and their subsequent commercialization. We then discuss the evolution of photonic–electronic convergence 
based on silicon photonics and quantum dot lasers, highlighting hybrid III–V/silicon integration technologies 
and integrated photonic chips for future information systems [5]. We also present recent progress in quantum 
photonics based on quantum dots, including silicon-integrated quantum dot lasers and single-photon sources 
enabled by transfer printing and other heterogeneous integration technologies [6–9]. Finally, recent advances 
toward further improving quantum dot laser performance, including Co-doping techniques [10], will be 
discussed together with future prospects for quantum-dot-based photonic and quantum information 
technologies. 
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Abstract The VCSELs have been the proven choice for short distance optical interconnects for datacenters with low 
power consumption and high data-rates for data communications. In this talk, we discuss novel VCSEL arrays for 
potential near-packaged optics (NPO) and co-package optics (CPO) for scale-up interconnects in datacenters. We report 
recent development of high-speed 1060-nm back-emitting VCSEL for near-package optics (NPO) and co-packaged 
optics (CPO) applications. We will show 212-Gbps PAM4 eye openings are further observed over 30~100 m multimode-
fiber links. We will show flip-chip bonding configuration with low power consumption, rendering 1060-nm back-emitting 
VCSELs excellent choice for high bandwidth-density optical engines. 
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Abstract Reviewing forty years of VCSEL research innovation, this tutorial talk highlights critical achievements enabling 
energy-efficient, ultrahigh-speed modulation and multi-terabit optical interconnects designed specifically to satisfy the 
rigorous demands of future AI datacenter networks.  
 
Introduction  
Vertical-cavity surface-emitting lasers (VCSELs) have become one of the most influential innovations in semiconductor 
laser technology. Invented in 1977 by Kenichi Iga, the VCSEL introduced a fundamentally new laser geometry in which 
light is emitted perpendicular to the wafer surface. This concept enabled wafer-scale testing, dense two-dimensional laser 
arrays, and highly scalable photonic integration. 
 
VCSEL Photonics Innovation 
The first VCSEL oscillation was demonstrated in 1979, followed by room-temperature continuous-wave operation in 1988, 
establishing VCSELs as practical semiconductor light sources. Around the same period, the demonstration of sub-
milliampere-threshold microcavity VCSELs highlighted their potential for low-power operation. Over the subsequent 
decades, advances in materials, epitaxial growth, and microfabrication transformed VCSELs from laboratory devices into 
highly manufacturable products. Owing to their unique vertical-emission architecture, VCSELs have become the dominant 
light source for short-reach optical interconnects and numerous sensing applications. In recognition of their technological 
and societal impact, VCSEL technology was honored as an IEEE Milestone in 2025. 
Today, the rapid growth of artificial intelligence (AI) and large-scale data processing is creating unprecedented demands 
on data-center interconnects. As data movement increasingly dominates system power consumption, energy-efficient 
optical links have become essential. VCSELs are particularly well suited to address this challenge because of their small 
active volumes, low threshold currents, and capability for high-speed direct modulation, enabling compact and low-power 
optical transmitters without external modulators. 
Recent advances have pushed VCSEL performance far beyond traditional limits. By exploiting photon–photon resonance 
and coupled-cavity effects, modulation bandwidths exceeding 60 GHz have been achieved, supporting per-lane data rates 
beyond 200 Gb/s. Furthermore, VCSELs are intrinsically compatible with dense two-dimensional arrays. Large-scale 
VCSEL arrays integrating dozens of emitters have demonstrated aggregate capacities approaching 10 Tb/s, providing the 
bandwidth density required for next-generation AI computing systems. 
Another key advantage is energy efficiency. Directly modulated VCSEL chips have demonstrated energy consumption 
approaching 50 fJ/bit, making them attractive candidates for sustainable photonic infrastructures. 
 

  
Fig. 1 Various applications of VCSELs 

 
Fig. 2 Toward a multi-Tbps optical engine based on  

a high-speed 2D VCSEL array. 
 

 
Conclusions 
This presentation reviews the major breakthroughs that have driven the evolution of VCSEL technology and highlights 
recent progress in ultrahigh-speed operation, large-scale VCSEL arrays, and energy-efficient optical interconnects. The 
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outlook for future applications in AI datacenters, co-packaged optics, and advanced photonic integration will also be 
discussed. 
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Abstract: We will review a tiniest semiconductor laser VCSE (Vertical-Cavity Surface-Emitting Laser). 
On October 28, 2025, the VCSEL received IEEE Milestone. We will introduce how the milestone was 
reviewed to be finalized to dedicate. We survey the VCSEL photonics systems and industries beyond 
the millstone. 

 

The VCSEL (pronounced as [vic-cell]) was born in 1977. It was just an inspiration after a considerable struggle 
to discover a laser, which should realize; (i) single mode, (ii) monolithic manufacturability, and (iii) frequency 
reproducibility. 

 

 

Toward this ideal semiconductor laser, the author 
considered three requirements as stated above [1][4]. In 
1977, the author of formerly Tokyo Institute of Technology 
conceived a unique semiconductor laser of which simple 
drawing is shown in Fig. 1 [1] and named “surface Emitting 
Laser”. Contrary to the conventional Fabry-Perot edge- 
emitting semiconductor lasers, this idea comprises a laser 
cavity which is short and vertical to a wafer surface. It was 
later named VCSEL (Vertical-Cavity Surface-Emitting Laser) 
that should be the tiniest current injection laser. 

In 1979, H. Soda (Iga’s graduate student) 
successfully demonstrated lasing operation of a 
GaInAsP/InP VCSEL under pulsed injection current 
condition at 77 K [2]. This is the first demonstration of the 
current-injected VCSEL lasing oscillation at 77K, which 

 
 

Fig.2 A first current injection surface-emitting laser 
operating at 77 K. 

clearly showed the possibility of a VCSEL as a practical vertical-cavity laser. Iga and his team concentrated on paving 
the way for this new and attractive semiconductor laser. Iga, Y. Motegi and H. Soda (graduate students) made a 
breakthrough by fabricating a short cavity of about 10-micron long [3]. They developed a fine chemical etching 
technology to realize such a short cavity length. In 1986, Iga’s graduate student, S. Kinoshita succeeded in reducing 
the threshold current of VCSELs to less than 10 mA for the first time in the world [4]. The threshold current was 4.5 mA 
at 77 K under CW current and 6 mA at room temperature under pulsed injection, with a buried hetero-structure 
AlGaAs/GaAs VCSEL. This low-threshold current achievement was paid attention from the community of 
semiconductor lasers. Since then, Iga and his team have been continuously conducting elaborate research and 
development on VCSELs and achieved many results, which have contributed to the growth of VCSEL devices and 
related applications. 

 
 

 
 

Fig. 1. The initial idea (a) of surface-emitting laser sketched by K. Ig a in a page of research note dated on March 22, 
1977 [1]. The light output comes from the surface as (b). Fig.1(c) is a photo of a currently used VCSEL device. 

(c) (b) (a) 



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

25

Session I-3

outlook for future applications in AI datacenters, co-packaged optics, and advanced photonic integration will also be 
discussed. 
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conceived a unique semiconductor laser of which simple 
drawing is shown in Fig. 1 [1] and named “surface Emitting 
Laser”. Contrary to the conventional Fabry-Perot edge- 
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condition at 77 K [2]. This is the first demonstration of the 
current-injected VCSEL lasing oscillation at 77K, which 

 
 

Fig.2 A first current injection surface-emitting laser 
operating at 77 K. 

clearly showed the possibility of a VCSEL as a practical vertical-cavity laser. Iga and his team concentrated on paving 
the way for this new and attractive semiconductor laser. Iga, Y. Motegi and H. Soda (graduate students) made a 
breakthrough by fabricating a short cavity of about 10-micron long [3]. They developed a fine chemical etching 
technology to realize such a short cavity length. In 1986, Iga’s graduate student, S. Kinoshita succeeded in reducing 
the threshold current of VCSELs to less than 10 mA for the first time in the world [4]. The threshold current was 4.5 mA 
at 77 K under CW current and 6 mA at room temperature under pulsed injection, with a buried hetero-structure 
AlGaAs/GaAs VCSEL. This low-threshold current achievement was paid attention from the community of 
semiconductor lasers. Since then, Iga and his team have been continuously conducting elaborate research and 
development on VCSELs and achieved many results, which have contributed to the growth of VCSEL devices and 
related applications. 
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Theoretical and experimental studies for VCSELs 
done by Iga’s team were summarized as a paper in IEEE 
Journal of Quantum Electronics in 1988 [5]. Based on the 
research results, dynamic single frequency operation, 
extremely low threshold current of <1 mA, and a possibility 
of room temperature CW operation of VCSELs were 
predicted in the paper. Fundamental results on a 5x5 two- 
dimensional array were also described. 

 

Continuous-wave (CW) operation at room temperature 
was achieved by Fumio Koyama of Iga’s team in 1988 [6]. 
We used an AlGaAs/GaAs VCSEL structure with a micro- 
cavity made of dielectric multilayer mirrors at the wavelength 
of 0.8 microns. 

Owing to the short cavity length, a VCSEL emits 
single-frequency light defined by the cavity length  as 
shown in Fig. 3. Continuous-frequency tuning was 
demonstrated by N. Yokouchi, graduate student of Iga’s 
team with an InGaAsP/InP VCSEL. One of the 
mirrors of was replaced by a mechanically movable 
external mirror in 1992 [7]. 

The VCSEL photonics systems as shown in 
Fig.4 has been expanded beyond the millstone such 
as in high-speed transceivers in Data centers, 3D 
face recognition in mobile phones, LiDAR in 
automotive, mobility networks, OCT in various body 
inspection, atomic clocks, industrial heating, and so 
[8][9]. 

 
 
 
 
 
 
 
Fig.3 Resonance of edge-emitting laser and surface- 
emitting laser 

 
References 
[1] K. Iga, Laboratory Notebook of Precision & 

Intelligence Laboratory, Tokyo Institute of 
Technology, Tokyo, Japan, Mar. 22, 1977. 

[2] H. Soda, K. Iga, C. Kitahara and Y. Suematsu,: Jpn. 
J. Appl. Phys., 18, p. 2329 (1979) 

[3] Y. Motegi, H. Soda, and K. Iga, Electron. Lett., Vol. 
18, No. 11, pp. 461-463, May 1982 

[4] K. Iga, S. Kinoshita, and F. Koyama, International 
Semiconductor Laser Conference, PD-4, Oct. 1986. 

[5] K. Iga, F. Koyama, and S. Kinoshita: IEEE J. Quant. 
Electron., QE-24, p.184, Sept. (1988). 

[6] F. Koyama, S. Kinoshita and K. Iga, Trans. IEICE, Vol. 
E71, No. 11, pp. 1089-1090, Nov. 1988. 

[7] N. Yokouchi, T. Miyamoto, T, Uchida, Y, Inaba, F. 

 
Fig. 4 Applications of Vertical-Cavity Surface-Emitting Laser 

Assistant Professor at Tokyo Institute of Technology 
(1968-1973), Associate Professor (1973-1984), and 
Professor (1984-2001). Professor Emeritus at Tokyo 
Institute of Technology (2001), Executive Director of the 
Japan Society for the Promotion of Science (2001-2007), 
President of Tokyo Institute of Technology (2007-2012). 
Honorary Professor at Tokyo Institute of Technology 
(2022), Honorary Professor at Institute of Science Tokyo 
(2024). Chair of Micro-Optics Research Group, Japan 
Society of Applied Physics (2003-present). He is an IEEE 
Life Fellow, an OPTICA Life Fellow, a Fellow of IEICE, 
JSAP, and Laser Society, a Foreign Member of the U.S. 
National Academy of Engineering. 

Dr. Iga’s numerous awards include the 1987 
Koyama, and K. Iga, IEEE Photon. Technol. Lett., Vol. 
4, No. 7, pp. 701-703, July 1992. 

[8] K. Iga: Proc. SPIE, 11263, X, p.1126302, March 
(2020) 

[9] B. D. Padullaparthi, J. Tatum, and K. Iga: ”VCSEL 
Industry”, IEEE/Wiley (2021) 

 
Biography 

Dr. Kenichi Iga is Honorary Professor, 
Institute of Science Tokyo and the18th 
President of former Tokyo Institute of 
Technology. 

Born in1940, Hiroshima, Japan. 1963 
BE, 1965 ME, and 1968 Dr. Eng. all from 
Tokyo Institute of Technology. 

Sakurai Memorial Prize, 1990 Ichimura Distinguished 
Academic Achievement Award, Ichinura  Kiyoshi 

Foundation. the 1998 IEEE John Tyndall Award, the 
1998 Asahi Award, the 2002  Rank Prize in 
Optoelectronics, the 2003 Fujiwara Prize, the 2003 IEEE 
Daniel E. Noble Award, the 2013 Franklin Institute Bower 
Award and Prize, the 2021 IEEE Edison Medal, and 2024 

Optica's Frederic Ives Medal/ Jarus  W. Quinn Prize. 
He received the Medal with Purple Ribbon from the 

Emperor of Japan in 2001 and is designated the Person 
of Cultural Merit by the Japanese government in 2022. 

He had an honor of receiving the Japan Academy Prize 
in 2026. 

He is a hobby contrabassist and has be playing in 
orchestra and chamber ensemble for 67 years.  

 

Si-based III-V Quantum Dot Lasers for Si Photonics 
 

Huiyun Liu 
Department of Electronic and Electrical Engineering, University College London, United Kingdom 

huiyun.liu@ucl.ac.uk 
 

Abstract This presentation summarizes the development milestones of III-V quantum dot (QD) lasers monolithically 
grown on Si in the past decade. It also presents recent development on III-V QD lasers grown on Si and III-V substrates. 
 
Silicon (Si) has been the foundation of modern electronics, but its extensive utilization in light-emitting sources is hindered 
by the inefficiency of bulk Si as an emitter. Direct epitaxial growth of III-V compound nanostructures on Si substrates 
presents a promising avenue for realizing photonic devices on a silicon platform. The primary challenge in monolithic 
integration of III-V on a group IV platform lies in the formation of high-density threading dislocations (TDs). As a zero-
dimensional material, quantum dots (QDs) exhibit three-dimensional quantum confinements, leading to a delta-function-
like density of states. Consequently, III-V QD lasers possess low threshold currents, temperature insensitivity, and reduced 
sensitivity to threading dislocations, making them an ideal candidate for forming the active region in III-V lasers grown on 
Si substrates. High-performance 1300-nm InAs/GaAs QD lasers have been successfully developed at UCL since 2011 [1-
4]. Furthermore, 1550-nm InAs/InP QD lasers with an operating temperature exceeding 100 oC have been recently 
demonstrated on Si substrates at UCL [5]. This presentation will summarize the development milestones of III-V QD lasers 
monolithically grown on a Si platform over the past 15 years. Additionally, recent results on the development of high-
performance InAs/GaAs QD lasers grown on III-V and patterned Si substrates will be presented with high gain, high 
operational temperature, and emission from 1300 nm to >2000 nm [6-9], and the potential trend in the next decade will 
also be predicted.  
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Theoretical and experimental studies for VCSELs 
done by Iga’s team were summarized as a paper in IEEE 
Journal of Quantum Electronics in 1988 [5]. Based on the 
research results, dynamic single frequency operation, 
extremely low threshold current of <1 mA, and a possibility 
of room temperature CW operation of VCSELs were 
predicted in the paper. Fundamental results on a 5x5 two- 
dimensional array were also described. 

 

Continuous-wave (CW) operation at room temperature 
was achieved by Fumio Koyama of Iga’s team in 1988 [6]. 
We used an AlGaAs/GaAs VCSEL structure with a micro- 
cavity made of dielectric multilayer mirrors at the wavelength 
of 0.8 microns. 

Owing to the short cavity length, a VCSEL emits 
single-frequency light defined by the cavity length  as 
shown in Fig. 3. Continuous-frequency tuning was 
demonstrated by N. Yokouchi, graduate student of Iga’s 
team with an InGaAsP/InP VCSEL. One of the 
mirrors of was replaced by a mechanically movable 
external mirror in 1992 [7]. 

The VCSEL photonics systems as shown in 
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Abstract Novel semiconductor laser designs provide longitudinal single mode lasers at any wavelengths from 

the visible to the IR. These permit trace component sensing for virtually unlimited applications. 
 
Introduction  
Laser based gas, liquid and solid trace component sensing consitutes a field that currently is still small In comparison to 
the main stream application areas of semiconductor lasers like data communications and storage,. However, it is growing 
dynamically, driven by the need for sensitive, selective, fast and long term maintenance free sensors for e.g. inline 
production optmization and control or the supervision of green house gas emissions. Compared to other optical sensing 
approaches like FTIR, based on thermal light sources, or LED based sensing, laser based sensing provides several 
orders of magnitude higher output intensity per 0,1 nm and extremely compact systems, however, at the expense of a 
limited spectral range. 
 
Sensing Laser Concepts 

Laser based sensing uses a narrow (longitudinnal single mode) laser line which is scanned over a 
spectroscopic feature by temperature of laser current variation. The scan includes sections with the trace component 
signal as well as sections without contribution of the trace component. Using the optical pathlength and the specific 
absorption the amount of the trace component can be obtained. The sensitivity of laser based detection can reach into 
the ppb-range.  

As the characteristic features are located at substance specific wavelengths between below about 1 µm and 
more than 10 µm, different material systems and heterostructure concepts are required for sensing. Whereas the GaAs- 
and InP-based material systems are used for data and telecom lasers, the GaSb material system is of particular 
importance for trace component sensing. It permits to cover the wavelength range from about 1,7 µm to above 6,5 µm 
including particularly strong absorption features of many substances. To cover this wide wavelength range direct gap  
quantum wells as well as spatially indirect recombination in interband cascade lasers1 as well as interband recombination 
in quantum cascade lasers is used.  In order to realize longitudinal single mode lasers, we have developed distributed 
feedback laser concepts specially adapted to the use of a wide variety of material systems and heterostructures as well 
as e.g. coupled cavity designs, which allow to extend the tuning range of the lasers at the expense of using discontinous 
tuning.  
 
Examples of Applications 
The talk will highlight advances in sensing laser design and performance as well as laser based analyzers for solids, 
liquids and gases. Lasers developed and fabricated at nanoplus and Sensalight Technologies are used for a wide variety 
of topica including green house gas detection (CO2, CH4, N2O), for corrosion prevention in natural gas pipelines, for 
surveillance of proper functioning of spacecrafts, supervision of lung development in preterm babies, etc. Using these 
lasers we have developed laser analysers for inline applications in building material and paper fabrication.  
 
Conclusions 
Laser based sensing permits highly selective, quantitative detection of a wide variety of substances. Due to its capability 
to detect compositional changes quantitatively in real time an important application area is inline detection of material 
composition and quality, which can be used to optimize production processes. Other important application areas include 
monitoring of green house gas emissions, medical applications, automotive etc. As modern societies are increasingly 
demanding on evaluations of potential hazards, semiconductor laser based sensing of trace components, which was 
proposed about 30 years ago, will expand to a wide variety of novel applications in the future.   
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Abstract This talk presents deterministic semiconductor quantum-dot single-photon sources for scalable quantum 

photonic devices, long-distance quantum key distribution, and future quantum internet applications. 

 

Introduction 

This talk will present our recent progress in semiconductor quantum-dot-based deterministic single-photon sources for 

scalable quantum information technologies and long-distance quantum communication. Single photons are central 

carriers of quantum information in quantum key distribution, quantum networks, and the future quantum internet. 

Compared with conventional weak coherent sources, deterministic single-photon sources can generate genuine single-

photon states on demand, thereby suppressing multi-photon emission at the source level and improving security, 

transmission efficiency, and loss tolerance. Developing high-performance, tunable, integrable, and network-compatible 

deterministic single-photon sources is therefore a key step towards practical quantum communication. 
 

Main text 
The talk will first introduce the material and device foundations of semiconductor quantum-dot light sources. Starting from 

the controlled growth of quantum dots, we have developed deterministic single-photon and entangled-photon sources 

with high brightness, high purity, and high indistinguishability. By combining strain engineering, nanomembrane 

technologies, and semiconductor nanophotonic structures, key parameters such as emission wavelength and exciton 

fine-structure splitting can be precisely controlled. At the same time, photon extraction efficiency and light–matter 

interaction strength can be significantly enhanced. These advances enable quantum-dot light sources not only to achieve 

excellent single-device performance, but also to become compatible with on-chip photonic integration, providing essential 

building blocks for future large-scale quantum photonic circuits. 

 

At the device level, we further develop scalable quantum photonic devices, including on-demand entangled-photon 

sources, multi-quantum-dot waveguide-integrated architectures, and efficient semiconductor light–matter interfaces. 

These devices provide key functions for the generation, manipulation, transmission, interference, and measurement of 

quantum states. In particular, multi-quantum-dot integration is important for future multi-node quantum networks, where 

stable connections, synchronized emission, and entanglement distribution between independent nodes are required. 

Owing to its advantages in material growth, nanofabrication, photonic integration, and electrical control, the 

semiconductor platform offers a promising route to bridge fundamental quantum physics and deployable quantum 

technologies. 

 

The main focus of the talk will be recent experimental progress in long-distance quantum communication using 

deterministic single-photon sources. First, we will present a field demonstration of intercity quantum key distribution using 

a semiconductor quantum-dot deterministic single-photon source. Secure key distribution was achieved over a deployed 

79 km optical fiber link with low quantum bit error rates and high key efficiency, showing that deterministic single-photon 

sources can operate reliably not only in laboratory environments but also in real urban fiber networks. We will then 

discuss time-bin encoded quantum communication for even longer transmission distances. By integrating telecom C-
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sources can operate reliably not only in laboratory environments but also in real urban fiber networks. We will then 

discuss time-bin encoded quantum communication for even longer transmission distances. By integrating telecom C-

band quantum dots with self-stabilized time-bin encoders, quantum key distribution over 120 km of standard optical fiber 

was achieved, while maintaining a quantum bit error rate below 11% for more than six hours. This demonstrates the 

long-term stability and practical network compatibility of true single-photon-source-based systems. 

 

Finally, the talk will introduce an ultra-stable, low-error dynamic polarization encoding scheme. This approach enables 

high-fidelity manipulation of single-photon polarization states and maintains stable operation under environmental 

fluctuations, offering a new technical route for deploying deterministic single-photon sources in complex network 

conditions.  

 
Conclusion 
Overall, these results show that semiconductor quantum-dot deterministic single-photon sources are evolving from 

laboratory prototypes into key enabling components for deployable quantum networks. With further improvements in 

brightness, coherence, tunability, integration density, and system stability, this platform is expected to play an important 

role in quantum key distribution, quantum repeaters, multi-node entanglement distribution, and the future quantum 

internet. 
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Abstract Short optical pulses propagating in quantum dot gain media induce a variety of quantum coherent phenomena 
which impact on the noise  
properties accompanying the pulses that can be squeezed below the shot noise. 
 
Introduction  
Optical pulses with durations shorter than the coherence time in quantum dot gain media induce coherent interactions. 
For a single excitation pulse, effects such as Rabi oscillations and coherent revival have been demonstrated while two 
pulses enable observation of Ramsey fringes and photon echoes. These have been observed often using X-FROG 
characterization accompanied by a semi-classical numerical model. 
 
Noise properties 
 
The many initial experiments neglected the noise properties of the pulses emerging from the quantum dot gain medium. 
Addressing these noise properties requires employment of homodyne measurements se in which the pulses to be 
analyzed serve as the signal and a replica of the excitation pulse serves as the local oscillator. However, the pulses 
interacting with the gain medium, not only inducer coherent interactions but also broaden from 100 fs to roughly 1 ps. 
This means that the homodyne measurements depend on the temporal overlap between the two pulses feeding the two 
detectors of the homodyne system. It turns out that the balance detection system can also serve for cross correlation 
what enables to replicate the X-FROG pattern under Rabi oscillations, and this enables to choose an optimum sampling 
point for homodyne characterization. 
 
Results 
 
Homodyne charact realization together with the inverse Radon transform yield Wigner functions that depend on this 
sampling position and more important on the excitation pulse energy. The measurements yield sequences of Wigner 
functions that exhibit simple thermal states, quadrature squeezed states and for very high input pulse energies, non-
Gaussian squeezed states. The most intriguing property is the fact that the various Wigner function types are cyclical with 
input pulse energy so that they repeat for increases in energy by a factor of four which amounts to 2  changes in the pulse 
area. Hence, we observe quantum squeezing that is governed by Rabi oscillations. 
 
The cyclical nature of the squeezing is shown in Fig. 1 (a) while the non-Gaussian states are presented in Fig. 1 (b) 
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Abstract – Compared with well-established TE-polarized QD lasers, TM-polarized QD lasers are less common, primarily 

due to the low aspect ratio and the inherent compressive strain present in QDs. We investigated the polarization in 

InP/GaAsP Dot-in-Well (DWELL) lasers by modifying the phosphorus (P) composition of the GaAs1-xPx capping layer. 

Stable TE and TM polarized emissions were observed with different phosphorous composition. The controllable TE/TM 

polarization in lasers demonstrates potential for applications in Si photonics. In addition, Distributed Bragg reflector (DBR) 

lasers selectively grown on (001) silicon-on-insulator (SOI) wafers by lateral metal-organic chemical vapor deposition 

(MOCVD) will also be reported. The optically pumped DBR lasers with five periods of Bragg reflectors demonstrate low 

lasing thresholds with an average value of 12.8 µJ/cm2 at 1.5 µm band. 
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Abstract. In this talk, I will describe our latest work on nanolaser diodes on silicon and related devices. 

Nanophotonics has demonstrated over the years to be the solution to provide extremely large light matter interactions 
which are at the center of numerous applications in data communications and processing as well as quantum optics.  
Photonic crystals are certainly amongst the most emblematic nanophotonic structures. They enable the conception of 
the best photonic cavities with the highest measured Q factor over modal volume ratios which scale with intracavity 
electromagnetic field intensity. Our research activity is focused on the exploration of these interactions in III-V 
semiconductor/Silicon hybrid photonic crystal (PhC) structures and their exploitation for the achievement of smaller, 
smarter, faster energy-efficient optoelectronic components which will revolutionize our world, governed by information 
and communication technology.  
Indeed, these hybrid structures combine the best of Silicon and III-V semiconductor photonics, merging the fantastic 
capacity of Silicon and especially Silicon on insulator (SOI) to provide an excellent way to achieve highly compact low 
loss passive optical circuitries, with the optical gain and nonlinearity of III-V semiconductor compounds. This is the 
key technology for achieving the convergence of microelectronics and photonics. 
Amongst all the devices to be developed, sources are of utmost importance as they provide the necessary electro-
optical conversion functionality.  In this talk, I will describe our latest work on nanolaser diodes [1] and related devices 
[2-4]. 
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Abstract Electrically-pumped semiconductor lasers using photonic crystals and topological design achieve compact, 
robust performance. Band topology enables lasing states, while Dirac vortex cavities and flatband BICs support 
frequency stability, beam control, and miniaturization without sacrificing efficiency. 

 
Introduction  
In electrically-pumped semiconductor lasers, microfabricated structures like photonic crystals have been employed to 
reduce device footprints. Recently, topological concepts have been integrated into the design of photonic crystal lasers, 
enabling unprecedented robustness to perturbations and unique laser performance. In this talk, I will present how band 
topology, which is invariant under small deformations, generates robust topological lasing states in semiconductor laser 
flatforms. In addition, I will introduce how photonic crystals lasers are designed using other promising topological 
concepts, such as Dirac vortex (or Majorana zero) cavities [1], Dirac-Scaled Valley Edge Modes lasers [2], and 
topologically nontrivial flatband bound states in the continuum (BICs) [3], for achieving robustness of lasing frequencies, 
structural beam engineering, and miniaturization while maintaining good laser performance. 
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Abstract. In this talk, I will describe our latest work on nanolaser diodes on silicon and related devices. 

Nanophotonics has demonstrated over the years to be the solution to provide extremely large light matter interactions 
which are at the center of numerous applications in data communications and processing as well as quantum optics.  
Photonic crystals are certainly amongst the most emblematic nanophotonic structures. They enable the conception of 
the best photonic cavities with the highest measured Q factor over modal volume ratios which scale with intracavity 
electromagnetic field intensity. Our research activity is focused on the exploration of these interactions in III-V 
semiconductor/Silicon hybrid photonic crystal (PhC) structures and their exploitation for the achievement of smaller, 
smarter, faster energy-efficient optoelectronic components which will revolutionize our world, governed by information 
and communication technology.  
Indeed, these hybrid structures combine the best of Silicon and III-V semiconductor photonics, merging the fantastic 
capacity of Silicon and especially Silicon on insulator (SOI) to provide an excellent way to achieve highly compact low 
loss passive optical circuitries, with the optical gain and nonlinearity of III-V semiconductor compounds. This is the 
key technology for achieving the convergence of microelectronics and photonics. 
Amongst all the devices to be developed, sources are of utmost importance as they provide the necessary electro-
optical conversion functionality.  In this talk, I will describe our latest work on nanolaser diodes [1] and related devices 
[2-4]. 
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Abstract Electrically-pumped semiconductor lasers using photonic crystals and topological design achieve compact, 
robust performance. Band topology enables lasing states, while Dirac vortex cavities and flatband BICs support 
frequency stability, beam control, and miniaturization without sacrificing efficiency. 

 
Introduction  
In electrically-pumped semiconductor lasers, microfabricated structures like photonic crystals have been employed to 
reduce device footprints. Recently, topological concepts have been integrated into the design of photonic crystal lasers, 
enabling unprecedented robustness to perturbations and unique laser performance. In this talk, I will present how band 
topology, which is invariant under small deformations, generates robust topological lasing states in semiconductor laser 
flatforms. In addition, I will introduce how photonic crystals lasers are designed using other promising topological 
concepts, such as Dirac vortex (or Majorana zero) cavities [1], Dirac-Scaled Valley Edge Modes lasers [2], and 
topologically nontrivial flatband bound states in the continuum (BICs) [3], for achieving robustness of lasing frequencies, 
structural beam engineering, and miniaturization while maintaining good laser performance. 
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Abstract 
Optical neural networks (ONNs) based on programmable photonic integrated circuits (PICs) offer a 

promising route toward low-latency and energy-efficient deep learning. However, conventional photonic 
implementations of matrix–vector multiplication (MVM) rely on locally connected architectures, such as Mach–
Zehnder interferometer (MZI) meshes, whose number of active components scales quadratically with matrix size, 
severely limiting scalability. Here presented is a scalable ONN that overcomes this limitation by exploiting the 
intrinsically diffractive and nonlocal nature of coherent light inside a silicon photonic chip. Our approach employs 
cascaded stages of multiport directional couplers (MDCs) interleaved with compact phase-shifter arrays, enabling 
strong non-local coupling among multiple optical modes. We experimentally implemented a 32-input silicon photonic 
MVM chip with a tenfold reduction in active components and validate its performance on various classification tasks. 
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Abstract Semiconductor quantum dots can be tuned by acoustic, electric and magnetic fields and coupled to engineered 
nanostructures for on-chip quantum photonics. We realize selective exciton control, chiral cavity-waveguide interfaces 
and moiré nanocavity Purcell enhancement. 
 
Introduction  
Semiconductor quantum dots (QDs) based on III–V materials are atom-like solid-state emitters, playing a central role in 
the development of single-photon sources, spin–photon interfaces and on-chip quantum networks. Their optical 
performance critically depends on the ability to control exciton energies, charge states, spin selection rules and radiative 
decay rates. Here, we report our recent progress in controlling excitons and their photonic interactions, including dynamic 
control of individual excitons by surface acoustic waves, single-photon emission from excitons coupled to moiré photonic 
crystal nanocavities, and chiral waveguide interfaces for directional photon transport. 

Fig 1. Selective control of single quantum dots with surface acoustic waves in frequency-gradient interdigital transducer 
devices. 

 
Fig 2. Chiral single photon transport and Purcell effect in a triangular-lattice topological valley photonic crystal waveguide 

platform. 
 

Selective control of excitons 
In frequency-gradient interdigital-transducer devices, surface acoustic waves and local radio-frequency (RF) electric 
fields provide complementary control channels for single InGaAs QDs. Position-dependent acoustic eigenfrequencies 
allow different QDs to be addressed by different RF frequencies, while the dynamic quantum-confined Stark effect leads 
to electric-field-driven shifts and splittings. Combining strain, electric-field and magnetic-field control makes it possible to 
switch between deformation-potential modulation and Stark modulation within individual emitters, providing an efficient 
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route to exciton tuning in multi-node quantum photonic systems [1]. 
 
QD-cavity coupling and chiral interactions 
To exploit light–matter interactions for controlling exciton emission, we further integrate QDs with engineered photonic 
nanostructures. In moiré photonic crystal nanocavities formed by twisted photonic lattices, flatband localization enables 
high-Q, low-mode-volume cavity modes. Experimentally, fundamental modes with Q factors of around 2000 were 
obtained. With improved spatial overlap with embedded QDs, an approximately 8.4-fold photoluminescence 
enhancement and a Purcell factor of about 3 were observed when a single QD was tuned into resonance with the moiré 
cavity mode [2]. 
For on-chip quantum photonic circuits, optical waveguides are fundamental building blocks. Triangular-lattice topological 
valley photonic crystal waveguides support high-bend-transmittance propagation, enlarged chiral coupling regions and 
accessible slow-light modes. By integrating QDs into these structures, we experimentally demonstrate chiral photon 
routing in Z-shaped waveguides, confirming robust directional photon transport. A whispering-gallery-mode cavity–
waveguide structure is incorporated to achieve Purcell-enhanced QD emission with a Purcell factor of 4, as well as spin-
dependent single-photon transport with a directional contrast of 82%. These results show that triangular-lattice 
topological photonic crystal waveguides provide a promising and scalable platform for low-loss, high-chirality quantum 
photonic devices [3]. 
 
Conclusions 
We present recent advances in controllable semiconductor QDs and their coupling to photonic cavities and waveguides. 
Together, these results form a toolbox for controlling excitons: acoustic and electrical actuation enables fast spectral and 
charge-state control, scalable moiré nanocavities enhance the local optical density of states, and chiral cavity-waveguide 
structures convert spin or polarization into directional on-chip routing. These functions are important for tunable quantum 
nodes, efficient single-photon sources and spin-photon interfaces based on actively controlled, cavity-enhanced excitonic 
building blocks. 
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Abstract We demonstrate the formation of p-i-n NW photocathode with 135 nm-thick of i-GaAs that plays a key role in 
enhancing device performance and establishes III-V NWs as viable strategy to overcome carrier recombination for solar 
water splitting. 
Introduction 
Photoelectrochemical (PEC) water splitting is a promising approach that enables the direct conversion of sunlight into 
chemical fuel, providing a cost-effective method for solar energy storage and sustainable hydrogen production [1]. To drive 
this process with light requires the absorption of photons with energies greater than 1.23 eV to trigger the two half-reactions 
governing water splitting. These are: the oxygen evolution reaction (OER) and the hydrogen evolution reaction (HER), at 
the semiconductor/electrolyte interface inside the PEC cell: 

H2O + 2 (h+) → ½O2 + 2H+        (OER)          (1) 
2H+ + 2 (e-) → H2                          (HER)          (2)                                    

We showed that the addition of an intrinsic GaAs shell to form p-i-n junction with GaAs/GaAs/AlGaAs core/shells nanowire 
enhances the photocurrent density by fivefold compared to p-n junction GaAs/AlGaAs nanowire. 
Experiments 
Self-catalysed GaAs/GaAs/AlGaAs core/shell and GaAs/AlGaAs core/shell NW samples were grown by solid-source 
molecular beam epitaxy (MBE) on p-type Si (111) substrates using Al and Ga solid sources and As4 cracker cells. A ~15nm-
thick TiO2 layer was deposited directly onto NW using ALD, then an 8 nm thick Ni co-catalyst coating was deposited using 
Physical Vapor Deposition (Fig. 1 (a)). Simulations of the conduction and valence band profiles were performed using 
nextnano++ as shown in Fig. 1 (b) and (c) 
 

  

Fig. 1 (a). A schematic showing the fabricated devices. 

(b) and (c) obtained from nextnano++ simulations show 

the energy band diagrams. 

Fig. 2. (a) SEM image of the p-n NWs. (b) SEM image 

of the p-i-n NWs. (c) PL of p-n and p-i-n NWs. (d) 

Excitation power dependent PL at 10 K of p-i-n NWs. 
Results and discussion 
SEM images show good shape of NWs in Fig. 2 (a) and (b). The optical properties of the NW samples were studied using 
photoluminescence spectroscopy (PL) at room temperature, as shown in Fig. 2 (c). The PL emission peaks at energies of 
1.42 and 1.41 eV for the p-i-n and p-n NWs, respectively. The full width at half maximum (FWHM) of the p-i-n sample (20 
meV) is narrower, showing higher uniformity, compared to the FWHM of the p-n sample (33 meV) [2]. Further investigation 
of the optical properties in the intrinsic shell was carried out using excitation power dependent PL at a low temperature of 
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Experiments 
Self-catalysed GaAs/GaAs/AlGaAs core/shell and GaAs/AlGaAs core/shell NW samples were grown by solid-source 
molecular beam epitaxy (MBE) on p-type Si (111) substrates using Al and Ga solid sources and As4 cracker cells. A ~15nm-
thick TiO2 layer was deposited directly onto NW using ALD, then an 8 nm thick Ni co-catalyst coating was deposited using 
Physical Vapor Deposition (Fig. 1 (a)). Simulations of the conduction and valence band profiles were performed using 
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Fig. 1 (a). A schematic showing the fabricated devices. 

(b) and (c) obtained from nextnano++ simulations show 

the energy band diagrams. 

Fig. 2. (a) SEM image of the p-n NWs. (b) SEM image 

of the p-i-n NWs. (c) PL of p-n and p-i-n NWs. (d) 

Excitation power dependent PL at 10 K of p-i-n NWs. 
Results and discussion 
SEM images show good shape of NWs in Fig. 2 (a) and (b). The optical properties of the NW samples were studied using 
photoluminescence spectroscopy (PL) at room temperature, as shown in Fig. 2 (c). The PL emission peaks at energies of 
1.42 and 1.41 eV for the p-i-n and p-n NWs, respectively. The full width at half maximum (FWHM) of the p-i-n sample (20 
meV) is narrower, showing higher uniformity, compared to the FWHM of the p-n sample (33 meV) [2]. Further investigation 
of the optical properties in the intrinsic shell was carried out using excitation power dependent PL at a low temperature of 

10 K, the intensity of the emission increases and the emission shifts to higher energy (Fig. 2 (d)), because of band filling 
effect [3]. 
The crystal quality and composition of the NWs and p-i-n photocathodes were investigated by the transmission electron 
microscopy (STEM) and annular dark field (ADF-STEM) imaging is shown in the upper left of Fig 4 (a). The i-GaAs shell, 
with a thickness of 135 nm, between the p-type core and the n-type AlGaAs shell is indicated by the white arrow. Energy 
dispersive x-ray (EDX) mapping was performed as shown in Fig. 4 (a) as well. 

 

 

Fig. 3. A schematic diagram showing the three-electrode 

PEC cell. The lower figure illustrates the electron-hole 

pairs generated after the NWs photocathode absorbed 

photons. 

Fig. 4. (a) ADF-TEM image of the ultramicrotome 

sectioned of p-i-n NW photocathode and EDX mapping.  

 (b) J-V curves for the three structures. (c) IPCE as a 

function of photon energy. (d) Stability measurements  

 
Fig. 3 shows a three-electrode PEC cell used to evaluate the performance of the samples, J–V measurements were 
conducted for the three structures as shown in Fig. 4 (b). In a p-i-n NW, the intrinsic shell plays a vital role in the separation 
of photo-generated carriers. In the present case the thickness of the i-GaAs is 135 nm, which is much smaller than the 
diffusion lengths of the charge carriers: electron diffusion lengths ~ 20 μm to 2 μm and hole diffusion lengths < 1.0 μm [4]. 
In the present study, the beneficial effect of the i-GaAs shell is evident in its ability to enhance the photocurrent density by 
reducing carrier recombination and providing a shorter carrier transfer distance [5]. 
The incident photon-to-current efficiency (IPCE) quantifies how efficiently the NW photocathode converts incident light into 
photocurrent (e-h pairs) as a function of photon energy. For the p-i-n photocathode as shown in Fig. 4 (c) maximum IPCE 
value of 44% at 2.69 eV is achieved, indicating efficient charge carrier transfer at the semiconductor/electrolyte interface 
[6-8]. 
To assess the corrosion resistance and durability of the NWs photocathodes in electrolyte, a stability test was conducted 
under one-sun illumination in 1.0 M KOH (pH = 14) for the three structures, as shown in Fig. 4 (d). The p-i-n NW 
photocathode shows the best stability. This result can be attributed to the greater diameter of the p-i-n NWs [9-10]. 
Conclusions 
Our work demonstrates the suitability of GaAs/GaAs/AlGaAs core/shells NWs for an enhanced performance PEC solar 
water splitting device and highlights promising potential of this platform for green hydrogen production. we have 
demonstrated the synthesis of a p-i-n NW photocathode structure based on GaAs/GaAs/AlGaAs core/shell NWs with an i-
GaAs shell exhibiting improved photocurrent density. In terms of the IPCE, a significant improvement was found for the p-
i-n NW photocathode which indicates efficient charge carrier transfer. 
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Abstract 
Phase-dependent parametric amplification in a semiconductor optical amplifier is investigated using pulsed excitation near 

1553 nm. A 4.3 dB phase dependent gain variation is observed, which is confirmed by a split step Fourier transform model. 

 

Introduction 
A unique property of optical wave mixing is the ability to enact phase sentitive amplification (PSA) [1] which enables, in 

pronciple, gain accompanied  by a noise figure (NF) below 3dB. PSA requires a preparatory stage in which the signal and 

two pumps are set with a well defined mutual phase relatiion. PSA can be implemented in any 𝜒𝜒(3) nonnlinear medium 
and is most commonly demomnstrated in nonlinear fibers. PSA can also be obtained in a semiconductor optical amplifier 

(SOA). In this case, the nonlinear wave mixing process must also overcome the added amlifier noise due to amplified 

spontaneous emission. PSA in an SOA was reported in a few papers. Most noticibly, [2] describes a fully integrated PSA. 

However, that work used stricktly CW signals what enables operation with very small detunings between the pumps and 

the signal therby increasing significantly the wave mixing efficiency. 

We report here PSA in an quantum well SOA where the signal and pumps are pulses of 20 ps duration. The signal and 

pumps originate from a fiber laser that emits ~ 100 fs pulses. Two pumps and the signal are carved out from the pulse 

spectrum using a wave shaper. The wave shaper is also used to scan the signal phase before the three pulses feed the 

SOA. A tunable filter is used to select the amplified output signal which is detected by a fast detector and sampled 3500 

times by a sampling oscilloscope. The phase dependent gain is confirmed by a split step Fouruer transform (SSFT) 

simulation. 

Results 
Fig, 1 (a)  shows the measured input spectrum for a signal 

– pump detuning of 1 nm where the three spectral 

components have absolutely no obverlap, what ensures 

that the PSA gain is not masked by conventional linear 

interference. The output spectrum is shown in Fig. 1 (b). 

Each spectral components is shifted towards longer 

wavelengths due to a degree of saturation and is also 

somewhat modified by additional spectral features. The entire signal is filtered and detected for the gain analysis. 
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Fig. 2  shows normalized measured PSA gain together with the simulation results. The 

maximum change due to the phase scanning is 4.3 dB. The change is moderate due to 

the relatively large detuning that is dictated by the spectral width of the input pulses that 

are not allowed to overlap. While sampling the filtered output signal, it is easy to obtain 

the amplitude noise accompanying the phase dependent signal as well as the 

corresponding jitter. Phased dependent amplitude noise and jitter are described in Fig. 

3. The amplitude noise follows the gain function while the jitter is maximum where the 

amplitude noise is minimum and is minimum for the 

largest amplitude noise. 

 

Simulation 
Pulsed PSA was modeled using an SSFT simulation. 

The envelope evolution is governed by linear effects 

and nonlinear effects:     

(1) 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 = 𝐋𝐋[𝑗𝑗 𝜕𝜕

𝜕𝜕𝜕𝜕]{𝐴𝐴} + 𝐍𝐍[𝐴𝐴]{𝐴𝐴}                    

(2) 𝑳𝑳[𝑗𝑗 𝜕𝜕
𝜕𝜕𝜕𝜕]{𝐴𝐴} = − 𝛼𝛼𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

2 𝐴𝐴 + 𝑗𝑗 ∑ 𝛽𝛽(𝜔𝜔0)
(𝑛𝑛)

𝑛𝑛! 𝑗𝑗𝑛𝑛 𝜕𝜕𝑛𝑛𝐴𝐴
𝜕𝜕𝑡𝑡𝑛𝑛

𝑁𝑁
𝑛𝑛=2                                                             

 (3) 𝐍𝐍[𝐴𝐴] = (𝑗𝑗𝛾𝛾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 − 𝛾𝛾𝑇𝑇𝑇𝑇𝑇𝑇
2 ) |𝐴𝐴|2 + 𝑔𝑔0

2 exp {− 1
𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠

∫ |𝐴𝐴(𝜏𝜏)|2𝑑𝑑𝑑𝑑𝑡𝑡
−∞ } ⋅ (1 − 𝑗𝑗𝛼𝛼𝑙𝑙𝑙𝑙) 

Using various parameters of the SOA and inserting measured values for the input signals and the amplifier small signal 

gain, we calculate the PSA gain, shown in Fig. 2, which fits the experiment except for a constant shift in the phase which 

can be easily compensated for in the wave shaper. 

Conclusion 
These results demonstrate phase-sensitive amplificatiion in a pulsed SOA-based system. A moderate gain variation of 

4.3 dB is obtained limited by the required input signal detuning. An SSFT simulation confirms the results. Amlitude noise 

and jitter dependencies on the input signal phase have also beed presented. 
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Abstract: We propose an inertia-free wide-FOV LiDAR architecture with astigmatic metalens coordinated spectral-
acousto-optic scanning, addressing inter-axis rate mismatch and beam astigmatism, achieving 36.6 MHz FPAR and 0.37° 
resolution within 102° FOV, enabling high spatiotemporal 3D imaging. 
Introduction 
High spatiotemporal resolution light detection and ranging (LiDAR) is critical for autonomous systems and robotics[1]. 
Traditional mechanical-scanning LiDAR offers a wide field-of-view (FOV) but suffers from low speed. Existing inertia-free 
scanning schemes also face inherent trade-offs among point acquisition rate (PAR), FOV and spatial resolution: spectral 
scanning[2] delivers MHz-level pixel-wise PAR (PPAR) but suffers from slow-axis rate bottlenecks and narrow FOV, while 
beam astigmatism from diffractive optics further degrades spatial resolution. Here, we present a wide-FOV LiDAR 
architecture with astigmatic metalens (AML)-coordinated spectral-acousto-optic (spectral-AO) scanning. By inter-axis rate 
matching and astigmatism correction via a tailored AML, we simultaneously achieve ultra-high frame-wise PAR (FPAR), 
wide FOV and high spatial resolution, outperforming state-of-the-art solid-state LiDARs[3]. 
Implementation of astigmatic metalens-based LiDAR architecture 
We constructed an AML-based LiDAR architecture as shown in Fig. 1a. Broadband pulsed light is converted into a discrete 
sequence of chirped pulses via spectro-temporal encoding, which time-stretches the spectral scanning period to the 
microsecond scale compatible with the acousto-optic response. The beam then passes through the acousto-optic deflector 
(AOD) and a blazed grating (BG) to implement inter-axis rate-matched spectral-AO scanning, as depicted by Fig. 1b. At 
the back end, an AML-based wide-FOV optical module is integrated to expand the FOV while suppressing beam 
divergence. Target echoes are detected by a photomultiplier tube (PMT), and the 3D scene is reconstructed based on 
pulse time-of-flight (TOF) information. Ultimately, 30 spectral channels are generated from a 1.22 MHz pulsed laser, 
delivering a PPAR of 36.6 MHz. By inter-axis rate matching, redundant fast-axis spectral scanning is eliminated and the 
achievable effective FPAR is aligned with the maximum PPAR.  

 
Fig. 1. (a) Experimental setup; (b) Architecture of spectral-AO cascaded scanning for inter-axis rate-matching; (c) The 

astigmatic metalens (AML) achieves simultaneous FOV expansion and spatial resolution improvement (left: photograph of 

the fabricated AML; right: meta-atom unit cell structure). 

As the core component of the system, the custom-designed AML significantly enhances the spatial detection capability of 

LiDAR, as illustrated in Fig. 1c. Compared with unmodulated 0th-order beams, the AML achieves both FOV expansion 

and spatial resolution improvement. This improvement stems from the beam astigmatism caused by the BG’s intrinsic 

anisotropy. A normal quadratic-phase metalens[4] can extend the FOV but cannot mitigate astigmatism, thereby degrading 

the spatial resolution. By contrast, the proposed AML introduces additional high-order astigmatic phase terms, enabling 
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divergence. Target echoes are detected by a photomultiplier tube (PMT), and the 3D scene is reconstructed based on 
pulse time-of-flight (TOF) information. Ultimately, 30 spectral channels are generated from a 1.22 MHz pulsed laser, 
delivering a PPAR of 36.6 MHz. By inter-axis rate matching, redundant fast-axis spectral scanning is eliminated and the 
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Fig. 1. (a) Experimental setup; (b) Architecture of spectral-AO cascaded scanning for inter-axis rate-matching; (c) The 

astigmatic metalens (AML) achieves simultaneous FOV expansion and spatial resolution improvement (left: photograph of 

the fabricated AML; right: meta-atom unit cell structure). 

As the core component of the system, the custom-designed AML significantly enhances the spatial detection capability of 

LiDAR, as illustrated in Fig. 1c. Compared with unmodulated 0th-order beams, the AML achieves both FOV expansion 

and spatial resolution improvement. This improvement stems from the beam astigmatism caused by the BG’s intrinsic 

anisotropy. A normal quadratic-phase metalens[4] can extend the FOV but cannot mitigate astigmatism, thereby degrading 

the spatial resolution. By contrast, the proposed AML introduces additional high-order astigmatic phase terms, enabling 

simultaneous astigmatism correction and FOV expansion. Characterization yields a total scanning FOV of 102° × 26°, with 

beam divergence angles of θx = 11.8 mrad and θy = 10.2 mrad in the two directions, which are largely consistent compared 

with the original astigmatic beams.  

High spatiotemporal resolution 3D imaging 
We first conducted dynamic 3D imaging experiments as shown in Fig. 2a. Leveraging an FPAR of 36.6 MHz, the system 

delivers an imaging frame rate of 734 fps with 600 × 83 points per frame, with the time-sliced results illustrated in Fig. 2b. 

Furthermore, we performed experiments with resolution targets, as shown in Fig. 2c. Benefiting from the reduced beam 

divergence achieved by AML-based astigmatism correction, the system ultimately attains a spatial resolution of 6.46 mrad 

via further subpixel reconstruction, as shown in Fig. 2d. 

 

Fig. 2. (a) Dynamic 3D imaging scene and corresponding results; (b) Time-sliced evolution of fan rotation; (c) Static imaging 
scene; (d) Depth-slice image and the intensity profile along the marked line at D = 154.8 cm. 

Conclusions 
We demonstrate a high spatiotemporal resolution LiDAR based on AML-coordinated spectral-acousto-optic scanning, 
achieving 36.6 MHz FPAR, 102° FOV and 0.37° spatial resolution simultaneously. This work provides a compact 
metasurface-based[5] solid-state solution for ultra-high-speed 3D perception, with promising applications in autonomous 
driving and high-speed target tracking. Future work will explore integrated photonic sources[6] and parallel detection[7] 
schemes to further improve performance. 
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Abstract We proposed Photon-Counting Compressed Spatial-Spectral Imaging for sensitive 3D-spatial and spectral 
imaging in photon-sparse scenarios. With a homemade SNSPD photon-counting spectrometer, we carried out proof-of-
principle experiments, showing potential for spectral remote sensing and fluorescence imaging. 
Introduction 
The sensitivity of spectrometers is of great concern, especially in spectral light detection and ranging (LIDAR) at far 
distances, astronomical spectroscopy and fluorescence spectroscopy. Motivated by these applications, researchers have 
employed single-photon detectors, especially ultra-sensitive superconducting nanowire single-photon detectors (SNSPDs), 
to enhance the sensitivity. Early work [1] based on monochromators was limited by the slow wavelength-scanning process, 
making spectral imaging impractical due to excessive acquisition time. 
Here we proposed an imaging scheme using single-photon detectors to carry out high-dimensional imaging with 
compressed sensing on both spectral and spatial dimensions. We called the scheme Photon-Counting Compressed 
Spatial-Spectral Imaging (PCCSSI). Compressed sensing method enable signal reconstruction with good quality even 
when highly under-sampled. In this way, PCCSSI can accelerate the imaging process with fewer numbers of 
measurements. Besides, narrowband spectral filtering in traditional monochromators can be replaced with spectral 
modulation for higher broadband transmission, which elevates photon utilization and thus is favorable under photon-sparse 
scenarios. To demonstrate the principle of this scheme, we set up a PCCSSI imaging system using a photon-counting 
spectrometer based on SNSPDs and metasurfaces, which is an improved device based on our previous work [2]. The 
function of high-dimensional imaging, including 3D spatial and spectral information, is demonstrated, showing the potential 
of on fast, high-dimensional imaging tasks in photon-sparse scenarios. 
PCCSSI system 
PCCSSI, as shown in Fig.1, is an imaging scheme with active illumination. A pulsed laser is expanded to illuminate the 
scene with targets. The reflected light is spatially modulated by a digital micromirror device (DMD), which encodes the 2D 
scene into a series of compressed measurements under different patterns. After that, the modulated light is collected and 
spectrally encoded via detector-dependent spectral responses before detection. Finally, time-correlated single-photon 
counting (TCSPC) is carried out to measure the time of flight (ToF) of each photon for depth information. By employing 
algorithms from compressed sensing, we can reconstruct the 3D-spatial and spectral information of the targets by TCSPC 
results of different detectors under different DMD patterns. 
Imaging results 
As illustrated in Fig.2, we used four bandpass filters backed with paperboards as imaging targets. Inset of Fig.2(a) is their 
photo captured by a visible light camera. In Fig.2(b), the four peaks in the TCSPC results of 12 SNSPDs used in the 
experiment directly reveal the depth position of the four targets. In the experiments, the total photon counting rate is about 
123 kHz under a pulse repetition frequency of 5 MHz, indicating a highly photon-sparse scenario. 
Picking the rightmost peak as an example, which corresponds to the result at the depth of 2.83 m, we successfully 
reconstructed the spectral image and showed it in Fig.2(c). The target at this depth can be seen clearly at the wavelength 
around 950 nm. At other wavelengths, only a hollow circle can be observed, which is the metal mount of the filter and 
reflects photons at all wavelengths. This is consistent with the fact that the filter in the target has a center wavelength of 
950 nm. PCCSSI has a good quality of spectrum reconstruction under compression. To confirm this, the spectra of all the 
pixels surrounded by the red circle in Fig. 2(c) are plotted in Fig. 2(d). The solid lines were the reconstructed results of 12 
pixels, and the blue dashed line was obtained by measuring the reflection spectrum of the specific target at a close distance 
with bright illumination and a commercial spectrometer. It can be seen that the reconstructed results agreed well with the 
main spectral components of the measured reference spectrum. 
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to enhance the sensitivity. Early work [1] based on monochromators was limited by the slow wavelength-scanning process, 
making spectral imaging impractical due to excessive acquisition time. 
Here we proposed an imaging scheme using single-photon detectors to carry out high-dimensional imaging with 
compressed sensing on both spectral and spatial dimensions. We called the scheme Photon-Counting Compressed 
Spatial-Spectral Imaging (PCCSSI). Compressed sensing method enable signal reconstruction with good quality even 
when highly under-sampled. In this way, PCCSSI can accelerate the imaging process with fewer numbers of 
measurements. Besides, narrowband spectral filtering in traditional monochromators can be replaced with spectral 
modulation for higher broadband transmission, which elevates photon utilization and thus is favorable under photon-sparse 
scenarios. To demonstrate the principle of this scheme, we set up a PCCSSI imaging system using a photon-counting 
spectrometer based on SNSPDs and metasurfaces, which is an improved device based on our previous work [2]. The 
function of high-dimensional imaging, including 3D spatial and spectral information, is demonstrated, showing the potential 
of on fast, high-dimensional imaging tasks in photon-sparse scenarios. 
PCCSSI system 
PCCSSI, as shown in Fig.1, is an imaging scheme with active illumination. A pulsed laser is expanded to illuminate the 
scene with targets. The reflected light is spatially modulated by a digital micromirror device (DMD), which encodes the 2D 
scene into a series of compressed measurements under different patterns. After that, the modulated light is collected and 
spectrally encoded via detector-dependent spectral responses before detection. Finally, time-correlated single-photon 
counting (TCSPC) is carried out to measure the time of flight (ToF) of each photon for depth information. By employing 
algorithms from compressed sensing, we can reconstruct the 3D-spatial and spectral information of the targets by TCSPC 
results of different detectors under different DMD patterns. 
Imaging results 
As illustrated in Fig.2, we used four bandpass filters backed with paperboards as imaging targets. Inset of Fig.2(a) is their 
photo captured by a visible light camera. In Fig.2(b), the four peaks in the TCSPC results of 12 SNSPDs used in the 
experiment directly reveal the depth position of the four targets. In the experiments, the total photon counting rate is about 
123 kHz under a pulse repetition frequency of 5 MHz, indicating a highly photon-sparse scenario. 
Picking the rightmost peak as an example, which corresponds to the result at the depth of 2.83 m, we successfully 
reconstructed the spectral image and showed it in Fig.2(c). The target at this depth can be seen clearly at the wavelength 
around 950 nm. At other wavelengths, only a hollow circle can be observed, which is the metal mount of the filter and 
reflects photons at all wavelengths. This is consistent with the fact that the filter in the target has a center wavelength of 
950 nm. PCCSSI has a good quality of spectrum reconstruction under compression. To confirm this, the spectra of all the 
pixels surrounded by the red circle in Fig. 2(c) are plotted in Fig. 2(d). The solid lines were the reconstructed results of 12 
pixels, and the blue dashed line was obtained by measuring the reflection spectrum of the specific target at a close distance 
with bright illumination and a commercial spectrometer. It can be seen that the reconstructed results agreed well with the 
main spectral components of the measured reference spectrum. 

 

 

Fig. 1 Schematic of the PCCSSI system. Fig. 2. 4D imaging results. 
Conclusions 
The experimental results show that PCCSSI can reconstruct 3D spatial information and 1D spectral information under 
photon-sparse scenarios. Therefore, PCCSSI has great potential for imaging applications under photon-sparse scenarios, 
such as spectral remote sensing and fluorescence imaging. 
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Abstract We demonstrate an electro-optic modulator on a thin-film lithium niobate platform, which achieves a 
measured 3-dB bandwidth exceeding 110 GHz and supports 224 Gbit/s PAM4 transmission. The half-wave voltage–
length product is 1.7 V·cm. 

 
Introduction 
Driven by the rapid growth of artificial intelligence technology, cloud computing, and big-data services, next-
generation optical interconnects toward 1.6 Tb/s and beyond demand ever higher per-channel capacity1. Although 
coherent modulation can improve spectral efficiency and increase the data rate, it usually increases transceiver 
complexity, power consumption, and latency2. Therefore, increasing the symbol rate remains a direct and effective 
route toward higher single-channel capacity, requiring electro-optic (EO) modulators with large bandwidth, high 
modulation efficiency, and low optical loss. Thin-film lithium niobate (TFLN) is a particularly promising platform for 
such ultrahigh-speed EO modulators, owing to its large EO coefficient of approximately 30.8 pm/V and intrinsic 
potential for terahertz-scale modulation bandwidth3. The practical bandwidth is primarily governed by three factors: 
microwave loss, velocity matching, and impedance matching4, all of which are strongly governed by the traveling-
wave electrodes (TWEs). Conventional coplanar waveguide (CPW) TWEs have long been subject to an inherent 
trade-off between bandwidth and modulation efficiency. To address this trade-off, capacitively-loaded traveling-wave 
electrodes (CL-TWEs) have been widely adopted. However, CL-TWEs often rely on non-CMOS-compatible quartz 
substrates, undercut silicon substrates, or additional low-k cladding layers to optimize the velocity matching.  
Here, we propose a broadband TFLN modulator with periodically slotted TWEs (PS-TWEs). By introducing periodic 
slots into TWEs, the proposed electrodes generate an equivalent inductive loading effect, thereby tailoring the 
microwave refractive index and RF loss. The fabricated TFLN modulator exhibits a 3-dB bandwidth exceeding 110 
GHz and supports 224 Gbit/s PAM4 data transmission. Meanwhile, the device preserves high modulation efficiency, 
with a half-wave voltage-length product of only 1.7 V·cm. Furthermore, the proposed PS-TWEs feature a minimum 
linewidth of 5 μm, providing a more fabrication-compatible route toward broadband modulators.  
 

 
Fig. 1 (a) Details of the PS-TWEs. (b) The cross-sectional view of the modulation region. (c) 

Schematic diagram of the proposed TFLN modulator.  
 

Device Design 
Fig. 1 shows the schematic diagram of the proposed TFLN modulator employing PS-TWEs. The modulator is 
fabricated on a lithium-niobate-on-insulator (LNOI) wafer consisting of a 400-nm-thick X-cut TFLN layer, a 2-μm-thick 
buried SiO2 layer, and a 525-μm-thick high-resistivity silicon substrate. The TFLN layer is patterned into single-mode 



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

49

Poster Session I

PI-05 
 
 

Shurui Huang, Tsinghua University 这个人是 PDF，单独给 

 
  

Broadband Modulator with Periodically Slotted  
Traveling-Wave Electrodes 

 
Shurui Huang (1, student), Yongzhuo Li (2), Xue Feng (3), Yidong Huang(4) 

1 : Department of Electronic Engineering, Tsinghua University, Beijing 100084, China, 
huangsr24@mails.tsinghua.edu.cn 

2 : Department of Electronic Engineering, Tsinghua University, liyongzhuo@tsinghua.edu.cn 
3 : Department of Electronic Engineering, Tsinghua University, x-feng@tsinghua.edu.cn  

4 : Department of Electronic Engineering, Tsinghua University, yidonghuang@tsinghua.edu.cn 
 

Abstract We demonstrate an electro-optic modulator on a thin-film lithium niobate platform, which achieves a 
measured 3-dB bandwidth exceeding 110 GHz and supports 224 Gbit/s PAM4 transmission. The half-wave voltage–
length product is 1.7 V·cm. 

 
Introduction 
Driven by the rapid growth of artificial intelligence technology, cloud computing, and big-data services, next-
generation optical interconnects toward 1.6 Tb/s and beyond demand ever higher per-channel capacity1. Although 
coherent modulation can improve spectral efficiency and increase the data rate, it usually increases transceiver 
complexity, power consumption, and latency2. Therefore, increasing the symbol rate remains a direct and effective 
route toward higher single-channel capacity, requiring electro-optic (EO) modulators with large bandwidth, high 
modulation efficiency, and low optical loss. Thin-film lithium niobate (TFLN) is a particularly promising platform for 
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potential for terahertz-scale modulation bandwidth3. The practical bandwidth is primarily governed by three factors: 
microwave loss, velocity matching, and impedance matching4, all of which are strongly governed by the traveling-
wave electrodes (TWEs). Conventional coplanar waveguide (CPW) TWEs have long been subject to an inherent 
trade-off between bandwidth and modulation efficiency. To address this trade-off, capacitively-loaded traveling-wave 
electrodes (CL-TWEs) have been widely adopted. However, CL-TWEs often rely on non-CMOS-compatible quartz 
substrates, undercut silicon substrates, or additional low-k cladding layers to optimize the velocity matching.  
Here, we propose a broadband TFLN modulator with periodically slotted TWEs (PS-TWEs). By introducing periodic 
slots into TWEs, the proposed electrodes generate an equivalent inductive loading effect, thereby tailoring the 
microwave refractive index and RF loss. The fabricated TFLN modulator exhibits a 3-dB bandwidth exceeding 110 
GHz and supports 224 Gbit/s PAM4 data transmission. Meanwhile, the device preserves high modulation efficiency, 
with a half-wave voltage-length product of only 1.7 V·cm. Furthermore, the proposed PS-TWEs feature a minimum 
linewidth of 5 μm, providing a more fabrication-compatible route toward broadband modulators.  
 

 
Fig. 1 (a) Details of the PS-TWEs. (b) The cross-sectional view of the modulation region. (c) 

Schematic diagram of the proposed TFLN modulator.  
 

Device Design 
Fig. 1 shows the schematic diagram of the proposed TFLN modulator employing PS-TWEs. The modulator is 
fabricated on a lithium-niobate-on-insulator (LNOI) wafer consisting of a 400-nm-thick X-cut TFLN layer, a 2-μm-thick 
buried SiO2 layer, and a 525-μm-thick high-resistivity silicon substrate. The TFLN layer is patterned into single-mode 

ridge waveguides. The waveguide width is set to 1 μm, the etch depth to 200 nm, and the sidewall angle to 70°. Gold 
(Au) is selected as the electrode material owing to its extremely low surface resistance and correspondingly low 
microwave loss, together with excellent thermal and chemical stability. PS-TWEs offer additional structural degrees of 
freedom, including the electrode gap g, slot period p, slot width ws, and slot depth ds. Therefore, they provide greater 
flexibility and broader tunability for optimizing the microwave characteristics of the transmission line. Frequency-
domain finite-element method (FEM) simulations are performed to model the TFLN modulator and optimize the 
electrode parameters. 

Device Characteristics 
The EO performance of the device is systematically characterized. Fig. 2(a) shows the measured modulation curve 
under an 800-kHz driving signal. For the 5-mm-long modulator, the measured half-wave voltage Vπ is 3.4 V, 
corresponding to a voltage–length product of 1.7 V·cm. An appropriate DC bias voltage is applied together with the 
input microwave small signal to bias the modulator at its linear operating point. The EO response was characterized 
by a 110 GHz lightwave component analyzer (Keysight N4372E), as shown in Fig. 2(b). The 3-dB EO bandwidth of 
the device extends beyond 110 GHz. To further evaluate the high-speed data transmission capability of the proposed 
ultrabroadband modulator, eye diagram measurements were performed using both non-return-to-zero (NRZ) and 
pulse-amplitude modulation (PAM) formats. Fig. 2(c) shows the measured eye diagrams at 1550 nm for NRZ and 
PAM4 signals at symbol rates of 100 and 112 Gbaud. Clear eye openings are observed at all tested symbol rates, 
and high-speed transmission up to 112 Gbaud PAM4, corresponding to 224 Gbit/s, is successfully demonstrated. The 
achieved data rate is mainly limited by the 55 GHz analog-bandwidth electrical amplifier in the measurement setup, 
rather than by the intrinsic bandwidth of the device.  

Fig. 2 (a) Measured modulation curve. (b) Measured EO response and electrical reflection. 
(c) Measured eye diagrams.

Conclusions 
We have demonstrated a broadband TFLN EO modulator with a measured 3-dB bandwidth exceeding 110 GHz, 
supporting 224-Gbit/s PAM4 transmission while maintaining a low half-wave voltage–length product of 1.7 V·cm. With 
relaxed electrode dimensions compatible with ultraviolet photolithography, this approach provides a scalable route 
toward high-efficiency ultrabroadband TFLN modulators for future high-capacity optical interconnects. 
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Abstract We report an optimized two-step wet-etching method for AlAsSb/InGaAs avalanche photodiodes, using colour 
change as an endpoint indicator to remove oxidized residues, yielding cleaner sidewalls, lower leakage current, enhanced 
avalanche gain and reliable high-yield fabrication. 
Keywords: avalanche photodiode, AlAsSb, InGaAs, wet etching, oxidation residues 
Introduction 
Low-noise avalanche photodiodes (APDs) at 1550 nm are important for fibre-optic communication, eye-safe LiDAR and 
infrared imaging. Compared with conventional InAlAs/InP APDs, AlAs0.56Sb0.44 lattice matched to InP provides a very 
low hole-to-electron ionisation coefficient ratio, enabling low excess noise at practical gain. However, AlAsSb oxidizes 
rapidly during mesa etching. The resulting dark, cracked residues on sidewalls or contact regions increase surface leakage, 
destabilize breakdown and reduce device yield. This work develops a simple wet-etching route for AlAsSb/InGaAs 
separate-absorption-and-multiplication APDs, in which the visible colour change of oxidized AlAsSb is used as a practical 
endpoint signal for switching etchants [1-4].  

  

Fig. 1 . Overview of the designed AlAsSb/InGaAs/InP 

APD showing the layer structure, top view, and cross-

sectional schematic. 

Fig. 2 Microscope and AFM images of AlAsSb/InGaAs 

samples after selective etching using H2SO4:H2O2:H2O 

and HCL:H2O2:H2O solutions. 

 

Device structure and etching method 
The wafer was grown by molecular-beam epitaxy on a semi-insulating InP substrate. It includes n- and p-type InGaAs 
contact layers, a 500 nm InGaAs absorption layer, a 600 nm undoped AlAsSb multiplication layer, AlAsSb cladding layers 
and an 80 nm charge layer. A two-step wet etch was optimized. H2SO4:H2O2:H2O was first used to remove non-Sb-
containing InGaAs/InAlAs layers. When the surface turned dark, indicating AlAsSb oxidation, the sample was transferred 
to HCL:H2O2:H2O to remove the oxidized Sb-containing layer. Microscopy, AFM, SEM and EDX verified surface 
morphology and residue composition. HCL:H2O2:H2O ratios from 1:1:3 to 1:1:6 were tested; the AlAsSb etch rate 
decreased from 129 nm/s to 20 nm/s as water increased. Because oxidation and air exposure affect the apparent rate, the 
colour transition provides a more reliable process indicator than thickness measurement alone. 
Results and discussion 
After the first sulphuric-acid-based etch, the AlAsSb surface became black and cracked. SEM revealed local delamination, 
while EDX confirmed oxygen within the dark residue region. AFM showed that surfaces treated only by H2SO4:H2O2:H2O 
were much rougher than those cleaned by HCL:H2O2:H2O, confirming efficient removal of oxidized AlAsSb. For circular 
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Device structure and etching method 
The wafer was grown by molecular-beam epitaxy on a semi-insulating InP substrate. It includes n- and p-type InGaAs 
contact layers, a 500 nm InGaAs absorption layer, a 600 nm undoped AlAsSb multiplication layer, AlAsSb cladding layers 
and an 80 nm charge layer. A two-step wet etch was optimized. H2SO4:H2O2:H2O was first used to remove non-Sb-
containing InGaAs/InAlAs layers. When the surface turned dark, indicating AlAsSb oxidation, the sample was transferred 
to HCL:H2O2:H2O to remove the oxidized Sb-containing layer. Microscopy, AFM, SEM and EDX verified surface 
morphology and residue composition. HCL:H2O2:H2O ratios from 1:1:3 to 1:1:6 were tested; the AlAsSb etch rate 
decreased from 129 nm/s to 20 nm/s as water increased. Because oxidation and air exposure affect the apparent rate, the 
colour transition provides a more reliable process indicator than thickness measurement alone. 
Results and discussion 
After the first sulphuric-acid-based etch, the AlAsSb surface became black and cracked. SEM revealed local delamination, 
while EDX confirmed oxygen within the dark residue region. AFM showed that surfaces treated only by H2SO4:H2O2:H2O 
were much rougher than those cleaned by HCL:H2O2:H2O, confirming efficient removal of oxidized AlAsSb. For circular 

150 μm APDs, devices with clean surfaces showed one to two orders of magnitude lower dark current and higher 
multiplication factor under reverse bias, demonstrating the electrical benefit of residue removal. 
 

 

    

Fig. 3 Dark-current and multiplication comparison of APDs fabricated with and without oxidized 

AlAsSb residues. 

    

 
Conclusions 
A colour-indicated two-step wet etch was demonstrated for AlAsSb/InGaAs SAM APD fabrication. The combination of 

H2SO4:H2O2:H2O for non-Sb layers and HCL:H2O2:H2O for Sb-containing AlAsSb removes oxidation-induced residues 

effectively. The visible blackening of AlAsSb offers a simple endpoint for etchant exchange, overcoming the difficulty of 

depth measurement caused by oxidation, cracking and delamination. The method reduces dark current by up to two orders 

of magnitude and improves gain, making it suitable for high-yield low-noise infrared APD processing. 
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Abstract  
We introduce two novel fabrication techniques that enable the creation of polaritonic potential landscapes inside the cavity 
layer and complete the cavity using sputtered amorphous mirrors, improving on challenges faced by established fabrication 
techniques. 
 
Introduction 
Exciton-polaritons (polaritons) are hybrid light-matter quasiparticles formed by microcavity photons and quantum well 
excitons that facilitate Bose-Einstein condensation at elevated temperatures [1]. In a planar semiconductor microcavity, 
polaritons behave as free particles with finite mass in two dimensions. Introducing an in-plane potential enables the creation 
of polaritonic lattices [2], which have proven to be a powerful platform for quantum simulators [3] and the emulation of 
complex Hamiltonians [4]. An established method of creating lateral photonic and excitonic confinement is the etching of 
micropillars. In this process, selected regions of the upper DBR, cavity, and active material layer are removed to depths of 
approximately 5 µm using plasma etching. This approach faces challenges when trying to realize densely packed periodic 
structures such as trigonal or square lattices. Narrow structures with high etch-depth-to-feature-size ratio are typically 
etched more shallowly than intended, reducing structural homogeneity. Additionally, inter-site coupling is limited because 
neighboring micropillars must be in direct contact to allow polariton interaction. 
The etch-and-overgrowth (EnO) technique has proven to be a powerful tool for overcoming this challenge [5]. In this 
approach, the grown half-cavity is patterned by etching before the upper DBR is deposited by MBE, thereby creating 
photonic confinement. Typical confinement potentials of Epot ≈ −10 meV can be achieved with an etch depth of ∼10 nm, 
offering significantly improved homogeneity compared to micropillar etching. 
In this work, we explore two alternative approaches for generating in-plane photonic confinement with adjustable coupling 
between the lattice sites [6]. An MBE-grown half cavity is modified either by chemical wet-etching (EnS) or by sputter 
deposition of TiO2 (DnS). Both approaches elongate the cavity locally, thereby redshifting the photonic mode and creating 
a photonic in-plane potential. Unlike EnO, the upper DBR is replaced with a sputtered dielectric mirror, removing the need 
to reintroduce the etched sample into an MBE chamber for crystalline overgrowth. 
 
Structural comparison of the EnS and DnS processes 
Atomic force microscopy performed on the patterned cavity layer demonstrates that the root mean-square surface 
roughness σ of DnS is about one order of magnitude smaller than for EnS and comparable to an unprocessed half-cavity. 
Furthermore, DnS yields uniform mesa heights throughout the lattice, whereas EnS exhibits an increased mesa height of 
up to 11% toward the lattice edge because of the etching process. 
 
Photoluminescence spectroscopy of coupled resonators and Kagome lattices 
Three samples from the same epitaxial material with varying mesa height are processed using EnS or DnS, respectively. 
Photoluminescence measurements on coupled resonators with varying overlap are fitted to a numerical solution of the 2D 
Schrödinger equation to extract the local photonic potential depth, revealing photonic confinement  
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Abstract  
We introduce two novel fabrication techniques that enable the creation of polaritonic potential landscapes inside the cavity 
layer and complete the cavity using sputtered amorphous mirrors, improving on challenges faced by established fabrication 
techniques. 
 
Introduction 
Exciton-polaritons (polaritons) are hybrid light-matter quasiparticles formed by microcavity photons and quantum well 
excitons that facilitate Bose-Einstein condensation at elevated temperatures [1]. In a planar semiconductor microcavity, 
polaritons behave as free particles with finite mass in two dimensions. Introducing an in-plane potential enables the creation 
of polaritonic lattices [2], which have proven to be a powerful platform for quantum simulators [3] and the emulation of 
complex Hamiltonians [4]. An established method of creating lateral photonic and excitonic confinement is the etching of 
micropillars. In this process, selected regions of the upper DBR, cavity, and active material layer are removed to depths of 
approximately 5 µm using plasma etching. This approach faces challenges when trying to realize densely packed periodic 
structures such as trigonal or square lattices. Narrow structures with high etch-depth-to-feature-size ratio are typically 
etched more shallowly than intended, reducing structural homogeneity. Additionally, inter-site coupling is limited because 
neighboring micropillars must be in direct contact to allow polariton interaction. 
The etch-and-overgrowth (EnO) technique has proven to be a powerful tool for overcoming this challenge [5]. In this 
approach, the grown half-cavity is patterned by etching before the upper DBR is deposited by MBE, thereby creating 
photonic confinement. Typical confinement potentials of Epot ≈ −10 meV can be achieved with an etch depth of ∼10 nm, 
offering significantly improved homogeneity compared to micropillar etching. 
In this work, we explore two alternative approaches for generating in-plane photonic confinement with adjustable coupling 
between the lattice sites [6]. An MBE-grown half cavity is modified either by chemical wet-etching (EnS) or by sputter 
deposition of TiO2 (DnS). Both approaches elongate the cavity locally, thereby redshifting the photonic mode and creating 
a photonic in-plane potential. Unlike EnO, the upper DBR is replaced with a sputtered dielectric mirror, removing the need 
to reintroduce the etched sample into an MBE chamber for crystalline overgrowth. 
 
Structural comparison of the EnS and DnS processes 
Atomic force microscopy performed on the patterned cavity layer demonstrates that the root mean-square surface 
roughness σ of DnS is about one order of magnitude smaller than for EnS and comparable to an unprocessed half-cavity. 
Furthermore, DnS yields uniform mesa heights throughout the lattice, whereas EnS exhibits an increased mesa height of 
up to 11% toward the lattice edge because of the etching process. 
 
Photoluminescence spectroscopy of coupled resonators and Kagome lattices 
Three samples from the same epitaxial material with varying mesa height are processed using EnS or DnS, respectively. 
Photoluminescence measurements on coupled resonators with varying overlap are fitted to a numerical solution of the 2D 
Schrödinger equation to extract the local photonic potential depth, revealing photonic confinement  

 

 

Fig. 1 Schematic of the EnS and DnS methods. (a,c) Artistic impressions of the Kagome lattice for the EnS and DnS 

technique. Characters A, B and C denote sites on different sublattices. The corresponding epitaxial layouts are 

shown in (b) and (d). (e) Bulk band structure of a DnS Kagome lattice along its Γ-M-K-Γ direction. 
per nanometer of cavity length difference of (2.232 ± 0.019) meV/nm for EnS and (0.613 ± 0.020) meV/nm for DnS.  
The different fabrication methods EnS and DnS are compared to the established method EnO by measuring the polaritonic 
band structure of Kagome lattices using momentum- and real-space spectroscopy. For the ground state, the photonic 
linewidth is found to be δEDnS = 680 μeV, while δEEnS = 500 μeV is comparable to δEEnO ≈ 400 μeV. Differences are 
attributed to batch-to-batch variations of the sputtered DBR, a mismatch between emission wavelength and DBR center 
wavelength, as well as detuning. 
Furthermore, we demonstrate polariton lasing from a 0D edge state and observe 1D edge states in a breathing Kagome 
lattice, a modified Kagome lattice with different inter- and intra-cell coupling strengths. 
Conclusions 
Our results show that the EnS and DnS techniques can readily compete with established methods for the realization of 
complex potential landscapes. In addition, their shorter iteration cycles provide significant potential for further optimization 
and future applications. While EnS is better suited for creating deep potentials, DnS excels at fabricating homogeneous 
potential landscapes without etching the cavity material. These methods establish a versatile platform for emulating 
complex Hamiltonians in a highly controlled environment. 
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Abstract We demonstrate convolution-level classification using a compact three-layer phase-only metasurface optical 
processor. As all the layers are trainable, the hybrid optical–electronic system achieves accuracy higher than 4f convolution 
architecture while significantly reducing propagation distance. 
Introduction  

Convolutional neural networks (CNNs) are widely adopted as a fundamental architecture in modern machine learning 

due to their strong feature extraction capability [1,2]. However, digital electronic implementations suffer from large energy 

consumption and latency, motivating the exploration of optoelectronic hybrid CNNs that combines intrinsic parallel 

computation and low-power consumption of optical neural networks (ONNs) with flexible digital layers [3-7]. Many previous 

studies have employed discrete single [3-6] or two [7] metasurfaces (MS) to realize optical convolutional layer by 

modulating phase or jointly modulating amplitude and phase.  However, single phase-only MS suffers from limited 

representation capacity and amplitude modulation introduces inevitable optical power attenuation. 

To this end, we have recently revealed that multi-layer phase-only MSs can significantly enhance the optical mode 

manipulating capability without inducing intrinsic optical loss [8]. Due to the high numerical-aperture (NA) phase masks 

that can be implemented by dense array of subwavelength meta-atoms, such multi-layer MSs can be realized on a compact 

module. Here, we study the applicability of such multi-layer MS optical frontend to perform convolution operations in 

optoelectronic hybrid CNN. Due to the enhanced representational capacity, we reveal that three-layer phase-only MSs can 

achieve high accuracies comparable to the digital baseline with 38.4% reduction in the total floating-point operations 

(FLOPS). 

Method 
Figure 1 shows the hybrid ONN architecture using 3-layer MSs considered in this work. By placing 3 MS layers at a 

constant distance of l and designing the first (MS1) and the last (MS3) layer to provide the basic functionalities of meta-
lenses (MLs), they can implement the classical ONN architecture based on 4f optical system [3]. By using high-NA MLs, 
we can reduce l below 1 mm to realize a compact single-block device attached onto an image sensor as shown in Fig. 1. 

 
Fig. 1: Hybrid ONN with 3-layer MS serving as a convolutional 

layer and a lightweight digital decoder for two fully connected 

layers and nonlinear activation. 

 

    

 
Fig. 2: Phase masks of MS1 (a), MS2 (b), 

and MS3 (c) after optimization. 
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Abstract We demonstrate convolution-level classification using a compact three-layer phase-only metasurface optical 
processor. As all the layers are trainable, the hybrid optical–electronic system achieves accuracy higher than 4f convolution 
architecture while significantly reducing propagation distance. 
Introduction  

Convolutional neural networks (CNNs) are widely adopted as a fundamental architecture in modern machine learning 

due to their strong feature extraction capability [1,2]. However, digital electronic implementations suffer from large energy 

consumption and latency, motivating the exploration of optoelectronic hybrid CNNs that combines intrinsic parallel 

computation and low-power consumption of optical neural networks (ONNs) with flexible digital layers [3-7]. Many previous 

studies have employed discrete single [3-6] or two [7] metasurfaces (MS) to realize optical convolutional layer by 

modulating phase or jointly modulating amplitude and phase.  However, single phase-only MS suffers from limited 

representation capacity and amplitude modulation introduces inevitable optical power attenuation. 

To this end, we have recently revealed that multi-layer phase-only MSs can significantly enhance the optical mode 

manipulating capability without inducing intrinsic optical loss [8]. Due to the high numerical-aperture (NA) phase masks 

that can be implemented by dense array of subwavelength meta-atoms, such multi-layer MSs can be realized on a compact 

module. Here, we study the applicability of such multi-layer MS optical frontend to perform convolution operations in 

optoelectronic hybrid CNN. Due to the enhanced representational capacity, we reveal that three-layer phase-only MSs can 

achieve high accuracies comparable to the digital baseline with 38.4% reduction in the total floating-point operations 

(FLOPS). 

Method 
Figure 1 shows the hybrid ONN architecture using 3-layer MSs considered in this work. By placing 3 MS layers at a 

constant distance of l and designing the first (MS1) and the last (MS3) layer to provide the basic functionalities of meta-
lenses (MLs), they can implement the classical ONN architecture based on 4f optical system [3]. By using high-NA MLs, 
we can reduce l below 1 mm to realize a compact single-block device attached onto an image sensor as shown in Fig. 1. 

 
Fig. 1: Hybrid ONN with 3-layer MS serving as a convolutional 

layer and a lightweight digital decoder for two fully connected 

layers and nonlinear activation. 

 

    

 
Fig. 2: Phase masks of MS1 (a), MS2 (b), 

and MS3 (c) after optimization. 
 

In this work, we set l = 0.7 mm and employ 2048×2048 meta-atoms spaced at 0.7 µm in each MS layer. They are designed 
to generate eight 192×192 feature-map intensity distributions in spatially multiplexed regions of interest (ROIs) at the image 
sensor, corresponding to the positive and negative components of a four-kernel convolutional layer. We employ 2828 
images from MNIST and FashionMNIST datasets to encode the amplitude of the input light at 1550-nm wavelength. The 
feature maps are captured by the image sensor and sent to a lightweight digital electronic classifier composed of two fully 
connected layers and nonlinear activations. 

The four kernels with the size of 3×3 are first trained in the digital domain for each dataset. Then, they are used to 
optimize the phase shifts at each MS layer. In the simplest case where MS1 and MS3 are set to MLs with the focal length 
of l, we cannot implement arbitrary kernels unless we apply both amplitude and phase coding at MS2 [7], which induces 
undesirable optical losses. We therefore optimize MS1 and MS3 as well by adding small random perturbations to the initial 
ML design, so that the overall representational capability is enhanced. MS2 is initialized as a designed phase-only Fourier-
plane mask, where the signed convolution kernels are decomposed into positive and negative components. A transfer 
function is synthesized in the spatial-frequency domain by projecting each pretrained kernel onto low-order spatial 
harmonics and applying linear phase shifts to spatially route the corresponding responses to designated ROIs. The phase 
of the resulting complex field is then encoded as the phase profile of MS2. 
Result 

Figure 2 shows the optimized phase distributions of the three MSs. Figure 3 shows the simulated feature-map intensity 
distributions at the image sensor for an example case. The normalized feature map intensities exhibit mean square errors 
(MSEs) of 5.1×10−3 compared to the target intensities. 

Table 1 summarizes the classification performance of different optical front-end configurations for MNIST and Fashion-
MNIST tasks. We compare three cases for our scheme: (i) when MS1 and MS3 are fixed to MLs and only MS2 is optimized, 
(ii) when MS1 is also optimized, and (iii) when all three MSs are optimized. We can confirm that accuracy consistently 
improves as we train more MS layers and reaches 97.7% and 87.4% for MNIST and Fashion-MNIST, respectively, when 
all three MSs are optimized. These values are comparable to the all-digital baseline, where fully digital CNN with identical 
configuration is assumed, implying that our scheme can reduce the total FLOPS in the digital domain by 38.4% , we also 
provide the case of classical 4f system, where the convolution layer is implemented by paired lenses and a linear spatial 
filter at the Fourier plane. We can confirm that our schemes of optimizing MS layers outperform this purely 4f-based system 
due to the enhanced representational capacity to enable more expressive feature extraction before digital classification. 
Conclusions 

In this work, we demonstrated a compact optical–electronic hybrid neural network using three phase-only MS layers 
as an optical convolution processor. Simulation results indicate that multi-layer MSs are a promising alternative for compact, 
low-power optical convolution. 
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Fig. 3: Intensity distributions at the image 

sensor for an example case where digit 

“7” is input. Left: Ground-truth intensity. 

Right: output intensity after training. 

Table 1. Classification accuracy of optical front-end structures 

Methods MNIST Fashion-MNIST 

Digital baseline a) 97.3% 88.5% 

4f system 95.8% 86.5% 

Previous work [4] 96.5% 86.9% 

(i) ML-MS-ML 94.2% 87.0% 

(ii) MS-MS-ML 97.6% 87.1% 

(iii) MS-MS-MS 97.7% 87.4% 
a) The digital baseline is built with 1 CNN layer with 4 kernels 

and 2 fully connected layers all in digital b) ML: fixed metalens. 
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Abstract Seven-stack InAs/InAlGaAs quantum dot lasers achieved low threshold current densities on InP and Si 
substrates, 180-µm cavity lasing on InP, and high-temperature operation up to 140 °C (InP) and 100 °C (Si). 
Introduction  
InAs/InAlGaAs QD lasers are promising candidates for C-/L-band optical communication and Si photonics because of their 
low threshold current density (Jth), high-temperature stability, and defect tolerance [1-3]. However, their performance is 
often limited by QD shape inhomogeneity, as well as the challenges of epitaxial growth on InP and Si substrates. In this 
work, a modified indium flush technique was employed to improve dot height uniformity and emission wavelength control 
[4]. Using this approach, high-performance seven-stack InAs/InAlGaAs QD lasers with low Jth and high-temperature 
operation were demonstrated on both InP and on-axis Si (001) substrates. 
Low Threshold InAs/InAlGaAs Quantum Dot Lasers on InP 
The laser structure was grown on an n-type (001) InP substrate by MBE, as shown in Fig. 1(a). The 7-stack QD laser 
sample exhibits an L-band room-temperature emission peak at 1604 nm with a narrow FWHM of 59.7 meV, as presented 
in Fig. 1(b). The AFM image in Fig. 1(c) reveals uniform uncapped QDs with a high density of 523/µm² under optimized 
growth conditions. Broad-area FP lasers with a ridge width of 15 μm were fabricated and characterized under pulsed 
injection. Fig. 2(a) shows the L–I characteristics for devices with different cavity lengths, while Fig. 2(b) presents the 
temperature-dependent L–I characteristics of the 2000 μm device, exhibiting operation up to 130 °C. Fig. 2(c) shows CW 
temperature-dependent L–I curves of the 15 μm × 2000 μm device, demonstrating operation up to 35 °C. 

                       

 

Fig. 1. Schematic epitaxial structure of the InAs/InP QD laser.            

 
 
 
High-Temperature and Ultra-Short Cavity Operation of InAs/InAlGaAs QD Lasers 
To investigate the effect of reduced ridge width on temperature stability, 5 μm ridge devices were fabricated. As shown in 

Fig. 3(a), the 5 μm × 2000 μm device exhibited an Ith of 64.3 mA (Jth of 643 A/cm²) and operated up to   140 °C under 

pulsed injection, which is 10 °C higher than the 15 μm × 2000 μm device. Fig. 3(b) shows the room-temperature L–I 

Fig. 2. (a) RT L-I for the InAs/InAlGaAs QD lasers with cavity width of 15 µm.  

(b) Temperature-dependent L-I characteristics for the 15 µm × 2000 µm device.    

(c) CW temperature-dependent L-I characteristics of the15 µm×2000 µm device. 
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Abstract Seven-stack InAs/InAlGaAs quantum dot lasers achieved low threshold current densities on InP and Si 
substrates, 180-µm cavity lasing on InP, and high-temperature operation up to 140 °C (InP) and 100 °C (Si). 
Introduction  
InAs/InAlGaAs QD lasers are promising candidates for C-/L-band optical communication and Si photonics because of their 
low threshold current density (Jth), high-temperature stability, and defect tolerance [1-3]. However, their performance is 
often limited by QD shape inhomogeneity, as well as the challenges of epitaxial growth on InP and Si substrates. In this 
work, a modified indium flush technique was employed to improve dot height uniformity and emission wavelength control 
[4]. Using this approach, high-performance seven-stack InAs/InAlGaAs QD lasers with low Jth and high-temperature 
operation were demonstrated on both InP and on-axis Si (001) substrates. 
Low Threshold InAs/InAlGaAs Quantum Dot Lasers on InP 
The laser structure was grown on an n-type (001) InP substrate by MBE, as shown in Fig. 1(a). The 7-stack QD laser 
sample exhibits an L-band room-temperature emission peak at 1604 nm with a narrow FWHM of 59.7 meV, as presented 
in Fig. 1(b). The AFM image in Fig. 1(c) reveals uniform uncapped QDs with a high density of 523/µm² under optimized 
growth conditions. Broad-area FP lasers with a ridge width of 15 μm were fabricated and characterized under pulsed 
injection. Fig. 2(a) shows the L–I characteristics for devices with different cavity lengths, while Fig. 2(b) presents the 
temperature-dependent L–I characteristics of the 2000 μm device, exhibiting operation up to 130 °C. Fig. 2(c) shows CW 
temperature-dependent L–I curves of the 15 μm × 2000 μm device, demonstrating operation up to 35 °C. 

                       

 

Fig. 1. Schematic epitaxial structure of the InAs/InP QD laser.            

 
 
 
High-Temperature and Ultra-Short Cavity Operation of InAs/InAlGaAs QD Lasers 
To investigate the effect of reduced ridge width on temperature stability, 5 μm ridge devices were fabricated. As shown in 

Fig. 3(a), the 5 μm × 2000 μm device exhibited an Ith of 64.3 mA (Jth of 643 A/cm²) and operated up to   140 °C under 

pulsed injection, which is 10 °C higher than the 15 μm × 2000 μm device. Fig. 3(b) shows the room-temperature L–I 

Fig. 2. (a) RT L-I for the InAs/InAlGaAs QD lasers with cavity width of 15 µm.  

(b) Temperature-dependent L-I characteristics for the 15 µm × 2000 µm device.    

(c) CW temperature-dependent L-I characteristics of the15 µm×2000 µm device. 

 

characteristics of short-cavity QD lasers with cavity lengths down to 180 μm. Notably, the 180 μm device demonstrated 

lasing without facet coating, indicating the high optical gain of the InAs/InAlGaAs QD laser structure. 

 
Fig. 3. (a) Temperature-dependent LI curves under pulsed injection for the 5 µm×2000 µm device. 

(b) RT LI characteristics for devices with cavity length less than 500 µm. 

 

InAs/InAlGaAs QD Lasers Directly Grown on (001) Si Substrate  
Based on the optimized InAs/InAlGaAs QD laser structure on InP, seven-

stack QD lasers were directly grown on on-axis Si (001) substrates. FP 

lasers with ridge widths of 50 μm and 5 μm were fabricated and 

characterized under pulsed injection. The broad-area devices exhibited Jth 

values of 1.35–2.79 kA/cm² for cavity lengths ranging from 2000 to 350 μm. 

Temperature-dependent measurements were further carried out to evaluate 

device stability. As shown in Fig. 4, the 5 μm × 2000 μm device demonstrated lasing operation up to 100 °C under pulsed 

injection.                                                                                                                           

Fig. 4. Temperature-dependent LI curves. 

                                                                                                                     

Conclusions 
This work demonstrates significant progress in InAs/InAlGaAs QD lasers on both InP and Si substrates through optimized 

QD growth and active region design. Seven-stack QD lasers on InP achieved of 63 A/cm² per QD layer and pulsed 

operation up to 140 °C. In addition, electrically injected QD lasers directly grown on Si exhibited a low Jth of 1.35 kA/cm² 

and operation up to 100 °C, highlighting their strong potential for optical communications and Si photonics. 
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Abstract  

We report an all-solid anti-resonant fiber as a novel photonic material with a 104-μm core, delivering 500-μJ ultrafast 

pulses and breaking the mode-area barrier for high-energy near-diffraction-limited fiber lasers. 

 

Introduction  

The pursuit of higher single pulse energy lies at the heart of ultrafast fiber laser research, because high energy ultrafast 

lasers are indispensable for applications that directly harness high pulse energy, such as strong field physics, high 

throughput precision micromachining, biomedicine, and remote sensing. However, the relentless pursuit of higher pulse 

energy in ultrafast fiber lasers is ultimately constrained by a fundamental physical barrier rooted in waveguide optics. In 

conventional large-mode-area (LMA) fibers, increasing the core diameter to suppress nonlinear effects inevitably 

weakens modal discrimination, leading to higher-order mode (HOM) competition and severe beam quality degradation. 

This “mode-area barrier” has long limited single-fiber ultrafast sources to pulse energies of around 100 μJ under near-

diffraction-limited operation. Here, we introduce an all-solid anti-resonant fiber as a transformative photonic platform that 

decouples mode area from modal purity. Our silica-based Yb³⁺-doped fiber, with a 104-μm core, leverages the 

anti-resonant cladding as a passive modal filter to resonantly eliminate higher-order modes while maintaining an 

ultra-large mode area. 

 
Fabrication and Performance Characterization of AS-ARF 

The fabricated AS-ARF was assembled via the rod-in-tube technique using the Yb³⁺-doped active core rod and 

Ge-doped anti-resonant rods, followed by high-temperature fiber drawing. The final fiber cross-section, shown in Fig. 1a, 

exhibits an outer diameter of 275 μm, an inscribed core diameter of 104 μm, and a Yb³⁺-doped active core diameter of 

52 μm. The ultrafast amplification performance was evaluated using a MOPA system. As the pump power increased, the 

seed signal was amplified in the AS-ARF, ultimately delivering an average output power of 50 W with a pulse energy of 

500 μJ and a peak power of 1.72 MW, corresponding to a slope efficiency of 55.5% (Fig. 1c). The output pulse duration 

was 289.4 ps (Fig. 1b). Fig. 1d shows that the relative RMS power fluctuation remained below 0.17% over 30 minutes at 

maximum output power, confirming excellent system stability. To our knowledge, this is the first demonstration of 

ultrafast pulse amplification based on an AS-ARF, achieving a pulse energy of 500 μJ that ranks among the highest in 

the field. 
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Fig. 1 Structures and ultrafast performances of AS-ARFs. a, Complete cross-section of the fiber. b, Pulse duration. c, 
Output power of the AS-ARF as a function of pump power. d, Power stability of the system over a 30-minute duration. 

 

Conclusions 
In summary, we have demonstrated a novel all-solid anti-resonant fiber as a transformative photonic material that 

successfully breaks the long-standing mode-area barrier. With a 104 μm core, the fiber delivers a record 500 μJ ultrafast 

pulse energy with near-diffraction-limited beam quality, while effectively suppressing nonlinear effects. This work not only 

fills the gap of Yb³⁺-doped active AS-ARFs in high-power ultrafast systems but also opens a new physical pathway 

towards power-scalable, high-energy fiber lasers for future scientific and industrial applications. 
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Abstract Deterministic integration of a Stark-tunable InGaAs quantum dot (QD) into a scalable III–V/dielectric hybrid cavity 

enables Purcell-enhanced emission and ultrafast single-photon generation. This CMOS-compatible platform represents a 

promising route toward high-brightness and coherent quantum light sources for scalable quantum photonic networks and 

integrated quantum technologies. 

Introduction 
The development and large-scale deployment of quantum photonic technologies, particularly secure quantum 

communication based on semiconductor quantum dots (QDs), critically relies on the on-demand generation of high-quality 

quantum light. Single photons with high brightness, purity, and indistinguishability are essential for scalable quantum 

networks and coherent quantum information processing. Consequently, ultrafast quantum emitters have become 

increasingly important for achieving high-speed operation. In addition, the integration of advanced quantum photonic 

devices on CMOS-compatible silicon platforms offers a promising pathway toward scalable and cost-effective quantum 

technologies [1]. 

However, the achievable repetition rate of QD-based single-photon sources is fundamentally limited by their intrinsic 

radiative lifetime, typically in the nanosecond range. To overcome this limitation, significant efforts have focused on 

integrating single QDs into photonic nanostructures that enhance the light–matter interaction, thereby increasing the 

Purcell factor and accelerating spontaneous emission dynamics [2]. Despite these advances, many existing 

implementations rely on complex alignment and wire-bonding procedures that are difficult to scale, limiting the practical 

integration of QD-based quantum photonic circuits. 

Results 

Figures 1(a) and (b) show schematics of the investigated samples. InGaAs QDs emitting in the telecom O-band were 

grown by MOCVD on (a) Si and (b) GaAs substrates. In both structures, the QD layer is positioned above an AlGaAs/GaAs 

bottom distributed Bragg reflector (DBR). For the GaAs-based structure, a dielectric SiO/SiN top DBR was additionally 

deposited, forming a vertical λ-cavity designed to enhance spontaneous emission via the Purcell effect. The electrical 

tunability of the QDs grown on Si is demonstrated in Fig. 1(c), which shows the emission wavelength of a single Stark-

tunable QD as a function of the applied gate voltage. The emission can be tuned over 16 nm, enabling deterministic 

spectral alignment with the cavity mode. Figure 1(d) shows a representative µPL spectrum of the same QD recorded at 

−0.5 V. 

Figure 1(e) presents the low-temperature reflectivity spectra of the individual DBR mirrors: the AlGaAs/GaAs bottom DBR 

(black) and the dielectric SiO/SiN DBR (red). The dielectric DBR exhibits a significantly broader stopband (~250 nm) 

compared to the III–V DBR (~100 nm). 

Combining both mirrors, as shown in Fig. 1(b), results in a pronounced cavity resonance within the stopband, as shown in 

Fig. 1(f). The cavity mode exhibits a full width at half maximum (FWHM) of approximately 2.7 nm at a resonance wavelength 

of 1319 nm, corresponding to a quality factor 𝑄𝑄 ≈ 477 for a structure containing seven SiO/SiN DBR pairs. The cavity 
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Results 

Figures 1(a) and (b) show schematics of the investigated samples. InGaAs QDs emitting in the telecom O-band were 

grown by MOCVD on (a) Si and (b) GaAs substrates. In both structures, the QD layer is positioned above an AlGaAs/GaAs 

bottom distributed Bragg reflector (DBR). For the GaAs-based structure, a dielectric SiO/SiN top DBR was additionally 

deposited, forming a vertical λ-cavity designed to enhance spontaneous emission via the Purcell effect. The electrical 

tunability of the QDs grown on Si is demonstrated in Fig. 1(c), which shows the emission wavelength of a single Stark-

tunable QD as a function of the applied gate voltage. The emission can be tuned over 16 nm, enabling deterministic 

spectral alignment with the cavity mode. Figure 1(d) shows a representative µPL spectrum of the same QD recorded at 

−0.5 V. 

Figure 1(e) presents the low-temperature reflectivity spectra of the individual DBR mirrors: the AlGaAs/GaAs bottom DBR 

(black) and the dielectric SiO/SiN DBR (red). The dielectric DBR exhibits a significantly broader stopband (~250 nm) 

compared to the III–V DBR (~100 nm). 

Combining both mirrors, as shown in Fig. 1(b), results in a pronounced cavity resonance within the stopband, as shown in 

Fig. 1(f). The cavity mode exhibits a full width at half maximum (FWHM) of approximately 2.7 nm at a resonance wavelength 

of 1319 nm, corresponding to a quality factor 𝑄𝑄 ≈ 477 for a structure containing seven SiO/SiN DBR pairs. The cavity 

performance could be further improved by increasing the number of dielectric DBR pairs. 

The temperature dependence of the cavity properties is summarized in Fig. 1(g), which shows the cavity mode wavelength 

(black symbols) and the extracted quality factor (red symbols). With increasing temperature, the cavity mode exhibits the 

expected redshift, primarily caused by the temperature-dependent refractive index of the III–V cavity material, with a 

smaller contribution from thermal expansion. A gradual reduction of the 𝑄𝑄 factor is also observed at elevated temperatures, 

likely due to increased optical losses and absorption in the cavity materials. 

 

 
Figure 1: (a,b) Schematics of the QD samples grown on (a) Si and (b) GaAs substrates. In both structures, the QD layer 
is integrated above an AlGaAs/GaAs bottom DBR. The structure in (b) additionally incorporates a SiO/SiN top DBR, forming 
a λ-cavity. (c) Emission wavelength of a single Stark-tunable QD grown on Si as a function of the applied gate voltage. (d) 
Representative µPL spectrum of the same QD recorded at −0.5 V. (e) Low-temperature reflectivity spectra of the individual 
DBR mirrors: the AlGaAs/GaAs bottom DBR (black) and the SiO/SiN top DBR (red). (f) Temperature-dependent reflectivity 
spectra of the full cavity structure shown in (b). (g) Temperature dependence of the cavity mode wavelength (black symbols) 
and the corresponding quality factor 𝑄𝑄 (red symbols). 
Conclusions 
We demonstrate a scalable hybrid cavity platform integrating a single Stark-tunable QD embedded in a p–i–n diode into a 
light-confining resonator consisting of an epitaxially grown III–V bottom mirror and a PECVD-deposited dielectric DBR. 
This hybrid design enhances the spontaneous emission rate via the Purcell effect, thereby reducing the radiative lifetime 
of the emitter. Deterministic positioning of the QD using in-situ electron-beam lithography (EBL) [3] ensures precise spatial 
alignment between the emitter and the optical mode, improving photon-extraction efficiency and emission coherence. 
Overall, this approach represents an important step toward scalable, high-brightness, and coherent quantum light sources, 
providing a promising foundation for next-generation integrated quantum photonic technologies. 
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Abstract We demonstrate an asymmetric coupled-microcavity laser employing mode-selective gain sharing. A spectrally 

aligned auxiliary cavity redirects carrier-supported gain to the selected resonance while suppressing competing modes, 

achieving a 17-dB side-mode suppression ratio at pump levels. 

Introduction 

Power scaling in semiconductor microcavity lasers is commonly accompanied by enhanced modal competition and 

degraded spectral selectivity. Enlarging the pumped region increases the available carrier reservoir, but the additional gain 

is generally accessed by multiple cavity resonances. This gain–selectivity trade-off becomes particularly restrictive in 

compact resonators with dense spectral modes. Here, we demonstrate an asymmetric coupled-microcavity laser that 

addresses this limitation through mode-selective gain sharing. 

 
Fig 1. (a) Asymmetric coupled microcavity laser structure. (b) Mechanism of mode-selective gain sharing. (c) 

Experimental results. 

Device Design and Operating Principle 
The device consists of a large circular microcavity coupled to a smaller elliptical microcavity [Fig. 1(a)]. The two cavities 

are designed to exhibit partial isospectrality near the selected wavelength of approximately 1545 nm, while the large cavity 

additionally supports a competing resonance near 1560 nm. Under simultaneous pumping of both microcavities, the 

spectrally aligned resonance of the auxiliary cavity couples to the selected resonance of the large cavity. This coupling 
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achieving a 17-dB side-mode suppression ratio at pump levels. 

Introduction 

Power scaling in semiconductor microcavity lasers is commonly accompanied by enhanced modal competition and 

degraded spectral selectivity. Enlarging the pumped region increases the available carrier reservoir, but the additional gain 

is generally accessed by multiple cavity resonances. This gain–selectivity trade-off becomes particularly restrictive in 

compact resonators with dense spectral modes. Here, we demonstrate an asymmetric coupled-microcavity laser that 
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Fig 1. (a) Asymmetric coupled microcavity laser structure. (b) Mechanism of mode-selective gain sharing. (c) 

Experimental results. 

Device Design and Operating Principle 
The device consists of a large circular microcavity coupled to a smaller elliptical microcavity [Fig. 1(a)]. The two cavities 

are designed to exhibit partial isospectrality near the selected wavelength of approximately 1545 nm, while the large cavity 

additionally supports a competing resonance near 1560 nm. Under simultaneous pumping of both microcavities, the 

spectrally aligned resonance of the auxiliary cavity couples to the selected resonance of the large cavity. This coupling 

establishes a preferred pathway through which the selected mode can utilize the carrier reservoir supplied by the enlarged 

pumped area. 

As illustrated in Fig. 1(b), the mode-selection mechanism is not based solely on linear spectral filtering. Instead, the coupled 

target resonances share gain from the two carrier reservoirs, whereas the competing large-cavity mode experiences 

enhanced cross-saturation as the selected channel grows. Consequently, pump expansion preferentially strengthens the 

selected resonance while suppressing the competing mode. 

Results and Discussion 

Figure 1(c) compares the measured emission spectra under different pumping configurations. When the coupled 

microcavity system is fully pumped, the emission around 1545 nm becomes dominant, whereas the competing resonance 

near 1560 nm is substantially suppressed. A side-mode suppression ratio of approximately 17 dB is obtained for the 

selected emission. The lasing threshold is approximately 400 μW under pulsed optical excitation. 

These results indicate that the auxiliary microcavity does not merely introduce an additional resonance. Instead, its spectral 

alignment with the selected large-cavity mode enables coupling-assisted redistribution of the available gain. The resulting 

nonlinear modal competition favors the selected order under enlarged pumping conditions, despite the presence of 

competing resonances in the larger cavity. 

Conclusions 

We demonstrate mode-selective gain sharing in an asymmetric coupled-microcavity laser for preferential lasing. By 

combining partial isospectrality with coupled carrier-mediated modal competition, the device selectively reinforces the 

desired resonance while suppressing competing modes. This strategy provides a compact route toward power-scalable 

and spectrally selective on-chip coherent light sources.  
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We have developed spiking nanolasers with excitable non-linear dynamics, to be integrated in highly efficient, scalable 

and bio-plausible optical neural networks. They are realized in photonic-crystal nanobeams with small form-factor and high 

photon lifetimes 

Introduction 

The biological neuron is an example of an excitable system, and it stands out for its ability to perform complex computations 

when connected in a dense network, using only electro-chemical spikes to transmit information to its neighbors. This 

behavior is of great interest for applications in artificial neural networks, as it is believed that spike-based communication 

is responsible for the low energy consumption of the human brain (~20W) [1]. We have observed excitability with spike 

emission in photonic-crystal nano-lasers, through the addition of an intra-cavity saturable absorber. In the following sections 

we will discuss insights into the design and fabrication of these devices, their emission properties in time and spectrum, 

and finally we will outline possible approaches for optical neural networks.  

The spiking nanolaser 
The spiking nanolasers presented in this work are pulsed lasers that operate under the same principle as many q-switching 
techniques. The starting point is a piece of III-V semiconductor material with a multiple-quantum-wells (MQW) structure, 
which is shaped into a nano-beam of sub-wavelength thickness and ~45µm length. The addition of holes which are etched 
vertically along the length of the nanobeam increases the confinement of one or multiple modes in the cavity following the 

Figure 1 - An overview of the spiking nano-laser design and emission properties. a) Optical microscope 

image of the spiking nanolaser, composed of the PhC nanobeam, a protected area which acts as satuarble 

absorber, all of it placed on top of an SOI waveguide. b) A schematic representation of the two sections of 

the laser, from the top and side views. c) The optical spectrum of the laser emission over the pump power. 

The broadening of the spectrum between 6mW and 7mW is associated with self-pulsing. d) A time-trace of 

the emission of the nanolaser, with labelled peaks, showing the spike emission 
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The spiking nanolaser 
The spiking nanolasers presented in this work are pulsed lasers that operate under the same principle as many q-switching 
techniques. The starting point is a piece of III-V semiconductor material with a multiple-quantum-wells (MQW) structure, 
which is shaped into a nano-beam of sub-wavelength thickness and ~45µm length. The addition of holes which are etched 
vertically along the length of the nanobeam increases the confinement of one or multiple modes in the cavity following the 

Figure 1 - An overview of the spiking nano-laser design and emission properties. a) Optical microscope 

image of the spiking nanolaser, composed of the PhC nanobeam, a protected area which acts as satuarble 

absorber, all of it placed on top of an SOI waveguide. b) A schematic representation of the two sections of 

the laser, from the top and side views. c) The optical spectrum of the laser emission over the pump power. 

The broadening of the spectrum between 6mW and 7mW is associated with self-pulsing. d) A time-trace of 

the emission of the nanolaser, with labelled peaks, showing the spike emission 

principle of distributed Bragg feedback. Such lasers have already demonstrated high quality factors, which lends to their 
high energy efficiency despite the compact scale [2]. 
To create a region that has saturable absorption, we passivate the nanobeam selectively, leaving one area un-passivated, 
and we cover the same area with a gold layer in the next fabrication step. This serves the dual purpose of respectively 
increasing the losses in the un-passivated area and preventing carrier injection by surface pumping. The goal is for carriers 
to be affected only by photons created in the gain-section of the cavity, and to keep a high ratio of differential gain between 
the sections. The interplay of many geometric and experimental parameters explains the challenge of achieving a stable 
self-pulsing device on such a small scale. 
Conclusion 
Excitable systems such as this one are of interest to optical neuromorphic computing applications due to their ability to 
respond quickly and bio-plausibly to external perturbations. There exist many proposed schemes on how to perform 
general purpose computations with spikes: some  aim to exploit spike ordering in space and time [3, 4] to encode and 
process information, others leverage the stochasticity of the system for Bayesian inference on Boltzmann machines [5]. 
Regardless of the approach, integrated spiking nanolasers open the door for the prototyping of complex optical neural 
networks, with the promise of cascadability and high-density integration on SOI circuitry.  
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Abstract Spatiotemporally shaped femtosecond laser introduces nanosecond-scale delays to suppress interactions 
between longitudinal foci. Multilayer structures with a high damage threshold can be fabricated in a single scan. This 
method  enables the fabrication of large-aperture metasurfaces. 
Introduction 
Femtosecond laser demonstrates ultrahigh intensity and ultrashort irradiation periods, enabling precise modification and 
ablation of transparent materials1. To date, femtosecond laser has been widely used in the manufacturing of a variety of 
optical modulation devices2. In particular, direct writing of birefringent nanostructures in fused silica provides an effective 
route for processing metasurfaces with a high damage threshold3. However, the conventional femtosecond laser is limited 
by its single focus, thereby restricting the processing efficiency of processing and the aperture of metasurfaces4. The 
utilization of the spatial light modulators (SLMs) presents a promising avenue for addressing the aforementioned limitations. 
In this work, we demonstrate a spatiotemporal longitudinal multi-foci femtosecond laser processing strategy. Multiple 
longitudinally separated foci are generated through SLMs, and nanosecond-scale temporal delays are introduced between 
adjacent foci. These delays reduce transient interactions between the laser-induced optical filaments, allowing each focus 
to form birefringent structures independently. Consequently, multilayer structures with high damage thresholds could be 
fabricated in a single scan. This method provides an expandable approach for improving fabrication throughput and 
extending femtosecond laser processing to large-aperture metasurfaces. 
Results and Discussion 
The spatiotemporal longitudinal multi-foci femtosecond laser processing system is shown in Figure 1(a1). A three-foci 
configuration was used as a representative implementation. The incident laser was divided into three sub-beams, whose 
axial focal positions were controlled by spatial light modulators (SLMs). Optical path differences introduced nanosecond-
scale delays between adjacent pulses. After recombination and polarization modulation, the sub-beams were focused into 
the sample to generate longitudinally separated foci. The temporal delays separate the transient optical filaments induced 
by adjacent foci, thereby reducing the interaction between the foci and enabling parallel writing of multiple modified layers 
within a single scan. Figure 1(a2) shows the cross-sectional morphology and elemental distribution of the modified region. 
Three spatially separated layers with comparable morphologies were formed along the same scanning trajectory. The O 
Kα line profile exhibits three localized enhancement regions corresponding to Layers 1–3, confirming effective modification 
at each focal position. The consistent structure and element distribution indicate that the multilayer structure could be 
fabricated in parallel through a single scan. Although three foci were used here, additional longitudinal foci can be 
introduced through spatial and temporal control to further increase fabrication throughput. 
To demonstrate the applicability of the proposed method to metasurface fabrication, a circular Airy-like beam generator 
with an aperture of 24 mm was fabricated, as shown in Figure 1(b1). The designed phase distribution is presented in Figure 
1(b2), and the measured phase distribution is shown in Figure 1(b3). The measured distribution agrees well with the 
designed profile across the representative regions, confirming that longitudinal multi-foci processing preserves the spatially 
varying phase modulation required for metasurface fabrication. The damage threshold of the multilayer structures was 
evaluated using a 1064 nm laser with a pulse duration of 6 ns. As shown in Figure 1(c), the multilayer structures exhibit a 
1-on-1 laser-induced damage threshold of 77 J/cm2, corresponding to 84.6% of the 91 J/cm2 threshold of the pristine fused-
silica substrate. These results verify that spatiotemporal longitudinal multi-foci femtosecond laser processing enables 
parallel manufacturing of multilayer structures while preserving the high damage threshold of metasurfaces. 
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Abstract Spatiotemporally shaped femtosecond laser introduces nanosecond-scale delays to suppress interactions 
between longitudinal foci. Multilayer structures with a high damage threshold can be fabricated in a single scan. This 
method  enables the fabrication of large-aperture metasurfaces. 
Introduction 
Femtosecond laser demonstrates ultrahigh intensity and ultrashort irradiation periods, enabling precise modification and 
ablation of transparent materials1. To date, femtosecond laser has been widely used in the manufacturing of a variety of 
optical modulation devices2. In particular, direct writing of birefringent nanostructures in fused silica provides an effective 
route for processing metasurfaces with a high damage threshold3. However, the conventional femtosecond laser is limited 
by its single focus, thereby restricting the processing efficiency of processing and the aperture of metasurfaces4. The 
utilization of the spatial light modulators (SLMs) presents a promising avenue for addressing the aforementioned limitations. 
In this work, we demonstrate a spatiotemporal longitudinal multi-foci femtosecond laser processing strategy. Multiple 
longitudinally separated foci are generated through SLMs, and nanosecond-scale temporal delays are introduced between 
adjacent foci. These delays reduce transient interactions between the laser-induced optical filaments, allowing each focus 
to form birefringent structures independently. Consequently, multilayer structures with high damage thresholds could be 
fabricated in a single scan. This method provides an expandable approach for improving fabrication throughput and 
extending femtosecond laser processing to large-aperture metasurfaces. 
Results and Discussion 
The spatiotemporal longitudinal multi-foci femtosecond laser processing system is shown in Figure 1(a1). A three-foci 
configuration was used as a representative implementation. The incident laser was divided into three sub-beams, whose 
axial focal positions were controlled by spatial light modulators (SLMs). Optical path differences introduced nanosecond-
scale delays between adjacent pulses. After recombination and polarization modulation, the sub-beams were focused into 
the sample to generate longitudinally separated foci. The temporal delays separate the transient optical filaments induced 
by adjacent foci, thereby reducing the interaction between the foci and enabling parallel writing of multiple modified layers 
within a single scan. Figure 1(a2) shows the cross-sectional morphology and elemental distribution of the modified region. 
Three spatially separated layers with comparable morphologies were formed along the same scanning trajectory. The O 
Kα line profile exhibits three localized enhancement regions corresponding to Layers 1–3, confirming effective modification 
at each focal position. The consistent structure and element distribution indicate that the multilayer structure could be 
fabricated in parallel through a single scan. Although three foci were used here, additional longitudinal foci can be 
introduced through spatial and temporal control to further increase fabrication throughput. 
To demonstrate the applicability of the proposed method to metasurface fabrication, a circular Airy-like beam generator 
with an aperture of 24 mm was fabricated, as shown in Figure 1(b1). The designed phase distribution is presented in Figure 
1(b2), and the measured phase distribution is shown in Figure 1(b3). The measured distribution agrees well with the 
designed profile across the representative regions, confirming that longitudinal multi-foci processing preserves the spatially 
varying phase modulation required for metasurface fabrication. The damage threshold of the multilayer structures was 
evaluated using a 1064 nm laser with a pulse duration of 6 ns. As shown in Figure 1(c), the multilayer structures exhibit a 
1-on-1 laser-induced damage threshold of 77 J/cm2, corresponding to 84.6% of the 91 J/cm2 threshold of the pristine fused-
silica substrate. These results verify that spatiotemporal longitudinal multi-foci femtosecond laser processing enables 
parallel manufacturing of multilayer structures while preserving the high damage threshold of metasurfaces. 
 

 
Fig. 1 Spatiotemporal multi-foci processing and characterization. 

 (a1) Spatiotemporal longitudinal multi-foci femtosecond laser processing system. (a2) Cross-sectional morphology 

and O Kα line profile of the modified layers. (b1) A circular Airy-like metasurface. (b2) Designed phase distribution. 

(b3) Measured phase distribution. (c) Damage thresholds of the multilayer structures and the fused-silica substrate. 

 
Conclusions 
In summary, a spatiotemporally shaped longitudinal multi-foci femtosecond laser processing method was developed for 

single-scan fabrication of multilayer structures. Nanosecond-scale delays suppressed the interaction between the foci. A 

24 mm aperture circular Airy-like metasurface was fabricated, and the modified structures exhibited a damage threshold 

of 77 J/cm². This method provides a scalable route toward large-aperture, high-damage-threshold metasurfaces. 
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Abstract We demonstrate 1310 nm VCSELs with record-low EDR of 460 fJ/bit and 21 fJ/bit/km energy-to-distance-data-
rate over 22 km transmission at 16 Gbps, with maximum data rates of 31 Gbps (NRZ). 
 
Introduction  
As the data traffic grows rapidly, the energy needed to transmit information is becoming a main topic of attention. 850-940 
nm Vertical-Cavity Surface-Emitting Lasers (VCSELs) are the dominating solution for short-range links due to their 
combination of low cost and energy consumption, while providing good beam profile and high bandwidth [1]. Loss and 
dispersion in optical fibers  restrict the practical length of these optical links. Conventional optical fibers favor longer 
wavelengths, with near-zero dispersion around 1300 nm and minimum absorption around 1550 nm. InP-based active 
regions enable efficient long-wavelength emission, while AlGaAs/GaAs DBRs provide high reflectance that overcomes the 
limitations of InP-based mirrors. These advantages are combined using wafer fusion (WF) technology to integrate both 
material systems to a high-performance VCSEL structure [2]. 
Data communication requires optimization of key VCSEL parameters for a particular application, to maximize output power, 
modulation bandwidth, and Side-Mode-Suppression-Ratio (SMSR), to minimize noise and power consumption.  
We demonstrate, that post-fabrication tuning of the photon lifetime through altering the top Distributed Bragg Reflector 
(DBR) reflectance by applying a dielectric coating is an effective way to improve the VCSELs’ performance [3], 
demonstrated for the first time for these types of lasers. 
 
Device Structure 
Present device heterostructures were grown using Molecular Beam Epitaxy (MBE) and bonded together using WF 
technology, having AlGaAs/GaAs DBRs. The cavity layers include an n-type InP bottom Intracavity (IC) contact layer, a 
thin, heavily doped n-type InGaAs bottom IC contact layer, an active region based on an InGaAs/InGaAlAs supperlattice, 
designed for emission near 1310 nm, and a composite Buried Tunnel Junction (BTJ) for light and current confinement with 
a diameter of about 6 µm. The device was passivated by SixNy layer and photon lifetime was altered through the deposition 
of SiO2 on top of the structure [4]. 
 
Results & Discussion 
The SiO₂ deposition changes the top DBR reflectance and consequently the mirror loss, thus altering the photon lifetime. 

These findings were derived with the Transfer Matrix Method. Experimentally, the coated configuration (120 nm SiO2) 

shows a reduced threshold current and an improved modulation bandwidth in comparison to the uncoated device, 

ultimately resulting in improvement of the data rate and most importantly reduced energy consumption. 
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dispersion in optical fibers  restrict the practical length of these optical links. Conventional optical fibers favor longer 
wavelengths, with near-zero dispersion around 1300 nm and minimum absorption around 1550 nm. InP-based active 
regions enable efficient long-wavelength emission, while AlGaAs/GaAs DBRs provide high reflectance that overcomes the 
limitations of InP-based mirrors. These advantages are combined using wafer fusion (WF) technology to integrate both 
material systems to a high-performance VCSEL structure [2]. 
Data communication requires optimization of key VCSEL parameters for a particular application, to maximize output power, 
modulation bandwidth, and Side-Mode-Suppression-Ratio (SMSR), to minimize noise and power consumption.  
We demonstrate, that post-fabrication tuning of the photon lifetime through altering the top Distributed Bragg Reflector 
(DBR) reflectance by applying a dielectric coating is an effective way to improve the VCSELs’ performance [3], 
demonstrated for the first time for these types of lasers. 
 
Device Structure 
Present device heterostructures were grown using Molecular Beam Epitaxy (MBE) and bonded together using WF 
technology, having AlGaAs/GaAs DBRs. The cavity layers include an n-type InP bottom Intracavity (IC) contact layer, a 
thin, heavily doped n-type InGaAs bottom IC contact layer, an active region based on an InGaAs/InGaAlAs supperlattice, 
designed for emission near 1310 nm, and a composite Buried Tunnel Junction (BTJ) for light and current confinement with 
a diameter of about 6 µm. The device was passivated by SixNy layer and photon lifetime was altered through the deposition 
of SiO2 on top of the structure [4]. 
 
Results & Discussion 
The SiO₂ deposition changes the top DBR reflectance and consequently the mirror loss, thus altering the photon lifetime. 

These findings were derived with the Transfer Matrix Method. Experimentally, the coated configuration (120 nm SiO2) 

shows a reduced threshold current and an improved modulation bandwidth in comparison to the uncoated device, 

ultimately resulting in improvement of the data rate and most importantly reduced energy consumption. 

 
 

 
 

Fig. 1 Energy-to-Data ratio (EDR) versus with and without 

pre-emphasis (long photon lifetime, 1 m fiber length). 

 

Fig. 2 Eye diagram at 31 Gbps, with a Q-factor of 3.43 

(long photon lifetime, 1 m fiber length). 

Fig 1 shows the Energy-to-Data-Ratio (EDR) vs. Bitrate for the device with increased photon lifetime. The experiments 
were conducted using varying optical fiber lengths at a temperature of 25 °C. Overall, an increase in the EDR with the data 
rate can be observed, reaching 1520 fJ/bit at 20 Gbps without pre-emphasis. With pre-emphasis an increased maximum 
data rate and reduced EDR of ~880 fJ/bit at 31 Gbps with a Bit-Error-Rate (BER) < 10-12 was achieved. The eye diagram 
for this configuration is shown in Fig. 2.  The lowest EDR values are 530 fJ/bit at 14 Gbps without pre emphasis and 460 
fJ/bit at 16 Gbps with pre-emphasis, both at a bias current of 5 mA. These EDR values are noticeably lower in comparison 
to previously reported 1310 nm VCSELs (1064 fJ/bit [1]). The bitrate achieved at a fiber length of 22 km is 31 Gbps (BER 
< 10-6) with a corresponding Energy-to-Distance-Data-Ratio (EDDR) of 40 fJ/bit/km. A record low EDDR of 21 fJ/bit/km 
was achieved at 16 Gbps (22 km). 
Conclusion 
We demonstrated 1310 nm VCSELs based on WF InP-based active regions and AlGaAs/GaAs DBRs, achieving record-
low EDR. By post-fabrication tuning of the photon lifetime through dielectric coating of the top DBR, the device exhibit 
improvements in threshold current, modulation bandwidth, and energy efficiency. We demonstrate a lowest EDR of 460 
fJ/bit and maximum data rates of 31 Gbps (NRZ). These results highlight photon lifetime engineering as an effective 
optimization approach for VCSELs and demonstrate the strong potential of this technology for future energy-efficient optical 
interconnects and data center communication systems. 
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Abstract We demonstrate a YIG-on-insulator platform fabricated by ion-slicing of large-grain YIG ceramics. Combined 
with our previous work on Ti:SaOI and Nd:YAGOI, this platform offers low propagation scattering and high Faraday rotation, 
enabling compact on-chip magneto-optical isolators and modulators. 
Introduction 
The heterogeneous integration of diverse photonic materials on a single chip is essential for next-generation optical 
systems. Crystal-ion-slicing and bonding, which yield X-on-insulator (XOI) platforms, offers a versatile route to combine 
materials that cannot be epitaxially grown together. At the Shanghai Institute of Optics and Fine Mechanics (SIOM), we 
have advanced this technique by realizing active XOI platforms, including Ti:sapphire-on-insulator for broadband optical 
amplification and Nd:YAG-on-insulator for on-chip lasers. To complete the functional toolkit, a high-performance magneto-
optical material in thin-film form is required. Yttrium iron garnet (YIG) is the ideal candidate, yet its integration as a low-loss 
single-crystalline thin film remains challenging. In the following sections, we summarize our published results on Ti:SaOI 
and Nd:YAGOI, present our earlier simulation-based comparative study of YIGOI against bulk single crystals and thick 
films, and finally introduce a critical material breakthrough: the fabrication of large-grain YIG ceramics with an average 
grain size of 2 mm. When combined with our established ion-slicing process, these ceramics are poised to yield YIGOI 
films with optical quality approaching that of single crystals, thereby enabling on-chip isolators and non-reciprocal devices 
in a scalable fashion. 
Ion slicing of titanium-doped sapphire crystal and Nd:YAG laser ceramics 
Ti:sapphire lasers are difficult to miniaturize due to low gain and short lifetime, demanding high pump power. that enabled 
sub‑mW lasing and kW‑level pulse amplification. However, that Ti:SaOI was realized by wafer bonding followed by 
polishing to control film thickness—a low‑efficiency, high‑cost process unsuitable for large‑scale production. We addressed 
this via crystal‑ion‑slicing, where an ion‑implanted Ti:sapphire crystal is bonded and exfoliated to yield a uniform 
single‑crystalline film. Most recently, using this approach, we scaled the process to a 2‑inch Ti:Sapphire/SiO₂/Sapphire 
wafer carrying a 1‑µm‑thick Ti:sapphire film (as figure 1 shown). The film exhibits sub‑nanometer roughness and excellent 
thickness uniformity, showing that crystal‑ion‑slicing delivers wafer‑scale Ti:SaOI while entirely avoiding waste from 
polishing, thus enabling mass‑producible, high‑performance Ti:sapphire integrated photonics.  
In parallel, we extended crystal-ion-slicing to Nd:YAG ceramics, enabling submicron-thick gain films. Through an optimized 
stepwise annealing from 400 °C to 900 °C, we transferred Nd:YAG films onto sapphire (NYOS platform) with lateral 
dimensions up to hundreds of micrometers. TEM and photoluminescence imaging confirmed excellent crystallinity and 
luminescence. Together with Ti:SaOI, this establishes crystal-ion-slicing as a versatile route to wafer-scale laser-gain films 
for silicon photonics. 

  

Fig. 1 Ti:Sa film formation process Fig. 2 SEM and EDS of NdYAG film 
High-quality YIG Ceramics preparation and its devices application 
We previously investigated the ion‑slicing viability of commercial YIG single crystals, BIG, and YIG ceramics. While BIG 
films on silicon were transferred, their thickness and phase deviated; in contrast, YIG single crystals and ceramics both 
showed blistering after annealing, confirming their ion‑slicing compatibility. Based on measured magneto‑optical constants, 
we found that the nonreciprocal phase shift (NRPS) gap between BIG‑on‑Si and YIG‑on‑Si narrows drastically from 399% 
at 1.55 µm to only 26% at 2.1 µm. This drove the design of a YIG‑ceramic‑based TM‑mode isolator with simulated insertion 
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Abstract We demonstrate a YIG-on-insulator platform fabricated by ion-slicing of large-grain YIG ceramics. Combined 
with our previous work on Ti:SaOI and Nd:YAGOI, this platform offers low propagation scattering and high Faraday rotation, 
enabling compact on-chip magneto-optical isolators and modulators. 
Introduction 
The heterogeneous integration of diverse photonic materials on a single chip is essential for next-generation optical 
systems. Crystal-ion-slicing and bonding, which yield X-on-insulator (XOI) platforms, offers a versatile route to combine 
materials that cannot be epitaxially grown together. At the Shanghai Institute of Optics and Fine Mechanics (SIOM), we 
have advanced this technique by realizing active XOI platforms, including Ti:sapphire-on-insulator for broadband optical 
amplification and Nd:YAG-on-insulator for on-chip lasers. To complete the functional toolkit, a high-performance magneto-
optical material in thin-film form is required. Yttrium iron garnet (YIG) is the ideal candidate, yet its integration as a low-loss 
single-crystalline thin film remains challenging. In the following sections, we summarize our published results on Ti:SaOI 
and Nd:YAGOI, present our earlier simulation-based comparative study of YIGOI against bulk single crystals and thick 
films, and finally introduce a critical material breakthrough: the fabrication of large-grain YIG ceramics with an average 
grain size of 2 mm. When combined with our established ion-slicing process, these ceramics are poised to yield YIGOI 
films with optical quality approaching that of single crystals, thereby enabling on-chip isolators and non-reciprocal devices 
in a scalable fashion. 
Ion slicing of titanium-doped sapphire crystal and Nd:YAG laser ceramics 
Ti:sapphire lasers are difficult to miniaturize due to low gain and short lifetime, demanding high pump power. that enabled 
sub‑mW lasing and kW‑level pulse amplification. However, that Ti:SaOI was realized by wafer bonding followed by 
polishing to control film thickness—a low‑efficiency, high‑cost process unsuitable for large‑scale production. We addressed 
this via crystal‑ion‑slicing, where an ion‑implanted Ti:sapphire crystal is bonded and exfoliated to yield a uniform 
single‑crystalline film. Most recently, using this approach, we scaled the process to a 2‑inch Ti:Sapphire/SiO₂/Sapphire 
wafer carrying a 1‑µm‑thick Ti:sapphire film (as figure 1 shown). The film exhibits sub‑nanometer roughness and excellent 
thickness uniformity, showing that crystal‑ion‑slicing delivers wafer‑scale Ti:SaOI while entirely avoiding waste from 
polishing, thus enabling mass‑producible, high‑performance Ti:sapphire integrated photonics.  
In parallel, we extended crystal-ion-slicing to Nd:YAG ceramics, enabling submicron-thick gain films. Through an optimized 
stepwise annealing from 400 °C to 900 °C, we transferred Nd:YAG films onto sapphire (NYOS platform) with lateral 
dimensions up to hundreds of micrometers. TEM and photoluminescence imaging confirmed excellent crystallinity and 
luminescence. Together with Ti:SaOI, this establishes crystal-ion-slicing as a versatile route to wafer-scale laser-gain films 
for silicon photonics. 

  

Fig. 1 Ti:Sa film formation process Fig. 2 SEM and EDS of NdYAG film 
High-quality YIG Ceramics preparation and its devices application 
We previously investigated the ion‑slicing viability of commercial YIG single crystals, BIG, and YIG ceramics. While BIG 
films on silicon were transferred, their thickness and phase deviated; in contrast, YIG single crystals and ceramics both 
showed blistering after annealing, confirming their ion‑slicing compatibility. Based on measured magneto‑optical constants, 
we found that the nonreciprocal phase shift (NRPS) gap between BIG‑on‑Si and YIG‑on‑Si narrows drastically from 399% 
at 1.55 µm to only 26% at 2.1 µm. This drove the design of a YIG‑ceramic‑based TM‑mode isolator with simulated insertion 

losses of 2.78 dB at 1.5 µm and 0.35 dB at 2.1 µm, highlighting YIG as a strong candidate for mid‑infrared on‑chip isolation. 
However, practical implementation is limited by material availability: YIG single crystals are typically restricted to ~5 mm in 
diameter, and thick‑film approaches struggle to simultaneously achieve sub‑micrometer thickness, large area, and high 
crystalline quality. To bypass these constraints, we have recently fabricated YIG ceramics with an average grain size of 
2 mm. The millimeter‑scale grains are three orders of magnitude larger than the optical mode, effectively eliminating 
grain‑boundary scattering and approaching single‑crystal optical quality. Crucially, these ceramics can be produced with 
significantly larger lateral dimensions than single crystals, offering a scalable wafer‑level material source. With these 
large‑grain ceramics already in hand, we are now applying the same ion‑slicing process to transfer sub‑micrometer YIG 
films onto SiO₂‑on‑silicon. The immediate goal is to realize the first large‑grain‑ceramic‑based YIG‑on‑insulator platform, 
combining single‑crystal‑like propagation loss with macroscopic scalability and thus enabling CMOS‑compatible on‑chip 
isolators and non‑reciprocal circuits in a truly practical format.  

  

Fig. 3 Sketch of the proposed MZI magneto-optic isolator 

 

Fig. 4 The image of large-grain YIG ceramics 

 
Conclusions 
In summary, we have demonstrated crystal-ion-sliced XOI platforms for broadband gain (Ti:SaOI) and on-chip lasing 
(Nd:YAGOI). Simulations verify that YIG ceramics are a viable route to low-loss mid-infrared isolators, and our newly 
fabricated 2 mm-grain YIG ceramics overcome the size limitations of single crystals, offering wafer-scale material without 
sacrificing optical quality. Immediate ion slicing of these ceramics will deliver the first large-grain YIGOI films, completing 
the XOI material suite and enabling practical, CMOS-compatible non-reciprocal magneto-photonic circuits. 
References 
1 Shiji Shen et al, Optics Letters, 49(2024), 6221-6224 
2 RenJie Jiang et al, Optics Express, 32(2024), 49093-49105 
3 Shiji Shen et al, Journal of the European Ceramic Society, 45(2025), 116893 
4 Shiji Shen et al, Journal of the European Ceramic Society, 46(2026), 117760 
5 Shiji Shen et al, Materials & Design, 265(2026), 115969 

Shiji, Shen,received his BS degree from Ocean University of China (OUC) in 2022, and currently a  Ph.D. 

candidate at Shanghai Institute of Optics and Fine Mechanics (SIOM), Chinese Academy of Sciences in 

Materials Science and Engineering. His research interests focus on crystal-ion-slicing technology for 

heterogeneous photonic integration and the fabrication of large-grain magneto-optical ceramics for on-

chip isolators. He has 4 papers in leading technical journals and conferences, including work on Ti:Sa film, 

Nd:YAG ilms, and YIG ceramics.  



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

72

Poster Session I

PI-17 
Monolithic Multilayer Diffractive Neural Networks for Deep and High-

Capacity Spectral Parallel Computing 
 

Huajun Shu (1)(2), Han Hao (1), Li Shen (3), Xiong Li (1)(2)*, Yao Fang (1), Jinjin Jin (1)(2) and Xiangang Luo (1)(2)* 
1 : State Key Laboratory of Optical Field Manipulation Science and Technology, Institute of Optics and Electronics, 

Chinese Academy of Sciences, Chengdu 610209, China;  
2 : College of Materials Science and Opto-Electronic Technology, University of Chinese Academy of Sciences, Beijing 

100049, China;  
3 : Sichuan Engineering Research Center of Digital Materials, Tianfu Xinglong Lake Laboratory, Chengdu 

610299, China; 
Huajun Shu is a student. 

E-mail: Xiong Li: lixiong@ioe.ac.cn, Xiangang Luo: lxg@ioe.ac.cn 
 

Abstract We demonstrate a monolithically integrated D2NN fabricated inside silica glass, combining aligned trilayer 
diffraction with spectral parallelism to perform four-wavelength, multi-dataset classification of 20 categories with 80% 
experimental accuracy, enabling scalable high-capacity optical computing platforms. 
 
Introduction  
Artificial intelligence driven by deep neural networks has created increasing demands for scalable and energy-efficient 
computing. Optical computing, with intrinsic parallelism, low latency, and low power consumption, offers a promising 
alternative. Among optical computing architectures, diffractive deep neural networks (D2NNs) enable all-optical inference 
through free-space propagation across passive diffractive layers. 
Recently, metasurface-based D2NNs in the NIR and visible regimes have shown broad potential in image classification[1] 
and quantum logic[2]. However, existing systems still face major challenges in simultaneously scaling network depth and 
information capacity. Discretely assembled multilayer architectures suffer from cumulative alignment errors, while reported 
monolithic devices are mostly limited to shallow bilayer designs[3-5]. Attempts to further increase depth often encounter 
optical crosstalk, off-axis aberrations, or reduced effective aperture. In addition, most D2NNs remain task-specific, and 
parallelization based on polarization[3], direction[6], or mechanical reconfiguration[7] provides limited channel capacity and 
robustness. Spectral parallelism is attractive but highly sensitive to precise 3D alignment, yet the orthogonal nature of 
spectral information provides an additional degree of freedom for multi-information parallel processing and offers 
considerable potential for scalable information-capacity expansion. 
Here, we propose a compact monolithically integrated multilayer D2NN combining cascaded diffractive layers with spectral-
domain parallelism, enabling deep and high-capacity optical computing. Femtosecond-laser-induced birefringence 
nanopore arrays inside silica glass enable accurately aligned three-dimensional diffractive layers with large apertures and 
high pixel counts. As a proof of concept, we demonstrate a three-layer visible D2NN operating at four wavelengths, 
independently trained for multi-dataset object recognition. The system classifies 20 categories with 80% overall 
experimental accuracy and a peak channel accuracy of 86%, demonstrating a scalable route toward compact, high-density 
optical inference. 
 
Results 
As shown in Fig. 1, the monolithically integrated multi-layer D2NN (MIML-D2NN) combines volumetric layer integration with 
spectral parallelism on a single chip. Its core is a monolithic silica-glass processing unit containing three cascaded 
diffractive hidden layers, fabricated by femtosecond-laser-induced birefringence modification with geometric-phase 
nanopores for precise wavefront control[8]. This in-situ writing method provides strong structural stability and sub-micron 
inter-layer alignment, eliminating the need for post-fabrication alignment and reducing performance loss from cumulative 
positioning errors. The monolithically integrated fabrication ensures precise layer positioning and enables accurate 
diffraction and phase control throughout the network. 
The system consists of an input plane with transmissive amplitude masks, a monolithic diffractive processing unit, and an 
output plane divided into detection zones. By exploiting wavelength-dependent diffraction at 532, 570, 600, and 632 nm, 
the shared structure performs distinct optical mappings for different channels. The hidden-layer phase profiles are jointly 
optimized by error backpropagation across all wavelengths. Ten interleaved detection zones are shared among the four 
wavelength channels, enabling four independent five-class classification tasks in a compact, passive, and real-time optical 
system. 
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Abstract We demonstrate a monolithically integrated D2NN fabricated inside silica glass, combining aligned trilayer 
diffraction with spectral parallelism to perform four-wavelength, multi-dataset classification of 20 categories with 80% 
experimental accuracy, enabling scalable high-capacity optical computing platforms. 
 
Introduction  
Artificial intelligence driven by deep neural networks has created increasing demands for scalable and energy-efficient 
computing. Optical computing, with intrinsic parallelism, low latency, and low power consumption, offers a promising 
alternative. Among optical computing architectures, diffractive deep neural networks (D2NNs) enable all-optical inference 
through free-space propagation across passive diffractive layers. 
Recently, metasurface-based D2NNs in the NIR and visible regimes have shown broad potential in image classification[1] 
and quantum logic[2]. However, existing systems still face major challenges in simultaneously scaling network depth and 
information capacity. Discretely assembled multilayer architectures suffer from cumulative alignment errors, while reported 
monolithic devices are mostly limited to shallow bilayer designs[3-5]. Attempts to further increase depth often encounter 
optical crosstalk, off-axis aberrations, or reduced effective aperture. In addition, most D2NNs remain task-specific, and 
parallelization based on polarization[3], direction[6], or mechanical reconfiguration[7] provides limited channel capacity and 
robustness. Spectral parallelism is attractive but highly sensitive to precise 3D alignment, yet the orthogonal nature of 
spectral information provides an additional degree of freedom for multi-information parallel processing and offers 
considerable potential for scalable information-capacity expansion. 
Here, we propose a compact monolithically integrated multilayer D2NN combining cascaded diffractive layers with spectral-
domain parallelism, enabling deep and high-capacity optical computing. Femtosecond-laser-induced birefringence 
nanopore arrays inside silica glass enable accurately aligned three-dimensional diffractive layers with large apertures and 
high pixel counts. As a proof of concept, we demonstrate a three-layer visible D2NN operating at four wavelengths, 
independently trained for multi-dataset object recognition. The system classifies 20 categories with 80% overall 
experimental accuracy and a peak channel accuracy of 86%, demonstrating a scalable route toward compact, high-density 
optical inference. 
 
Results 
As shown in Fig. 1, the monolithically integrated multi-layer D2NN (MIML-D2NN) combines volumetric layer integration with 
spectral parallelism on a single chip. Its core is a monolithic silica-glass processing unit containing three cascaded 
diffractive hidden layers, fabricated by femtosecond-laser-induced birefringence modification with geometric-phase 
nanopores for precise wavefront control[8]. This in-situ writing method provides strong structural stability and sub-micron 
inter-layer alignment, eliminating the need for post-fabrication alignment and reducing performance loss from cumulative 
positioning errors. The monolithically integrated fabrication ensures precise layer positioning and enables accurate 
diffraction and phase control throughout the network. 
The system consists of an input plane with transmissive amplitude masks, a monolithic diffractive processing unit, and an 
output plane divided into detection zones. By exploiting wavelength-dependent diffraction at 532, 570, 600, and 632 nm, 
the shared structure performs distinct optical mappings for different channels. The hidden-layer phase profiles are jointly 
optimized by error backpropagation across all wavelengths. Ten interleaved detection zones are shared among the four 
wavelength channels, enabling four independent five-class classification tasks in a compact, passive, and real-time optical 
system. 
 

Conclusions 
In this work, we have demonstrated the theoretical design, numerical validation, and experimental implementation of a 
MIML-D2NN empowered by spectral parallel for deep and high-capacity optical computing. By fabricating cascaded 
diffractive layers within a single transparent substrate via femtosecond-laser-induced birefringence modification, our 
approach fundamentally circumvents the stringent alignment prerequisites and mechanical instabilities that plague 
conventional free-space discrete setups. Through spectral parallel, multiple optical channels are efficiently integrated into 
the same architecture, thereby enhancing the information capacity and computational parallelism without increasing device 
footprint. Benefiting from these innovations, our network successfully performs multi-class classification tasks with a high 
experimental accuracy of 80%, closely matching the simulated prediction of 81% with a deviation of merely 1%. This 
demonstrates both the robustness of the multilayer spectrally parallel diffractive design and the reliability of the 
femtosecond-laser fabrication process. Importantly, the proposed approach provides a scalable and compact solution 
toward on-chip all-optical neural networks, with the potential to be extended to broader multiplexing modalities such as 
spatial, or orbital angular momentum channels. 
 

 

Fig. 1 Conceptual schematic of the MIML-D2NN. The architecture features a compact design where 

diffractive layers are embedded within a single silica glass via femtosecond laser direct writing. By 

leveraging spectral parallel, the system maps encoded inputs to spatially distinct detection regions 

through dense optical diffraction, enabling high-throughput, passive, and real-time classification. 
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Abstract We demonstrate an on-chip phonon laser with a linewidth below 0.005 Hz by combining dissipation-diluted soft-
clamped nanobeam resonators with active feedback, enabling ultracoherent mechanical oscillation for precision sensing 
and quantum technologies. 
 
Introduction 
Phonon lasers provide the mechanical analogue of optical lasers and are attractive for precision sensing, nonlinear 
dynamics and quantum technologies. Their practical impact is currently limited by linewidths that are usually broadened 
by environmental noise and intrinsic mechanical dissipation. This work addresses that bottleneck with a room-temperature, 
on-chip cavity optomechanical platform designed for extremely low mechanical loss. 
 
Dissipation-diluted optomechanical resonator 
We applied dissipation dilution theory to design nanobeam mechanical resonators with high quality factors. The device 
uses a high-stress stoichiometric silicon nitride nanobeam integrated with a zipper optomechanical crystal microcavity. A 
large aspect ratio enhances dissipation dilution, while a quasi-phononic-crystal soft-clamping region localizes the 
mechanical mode away from the supports to suppress bending losses. Ringdown measurements at room temperature 
show a mechanical resonance near 1.075 MHz with a high quality factor of 3.48 x 106.  
 
Feedback phonon lasing 
Phonon lasing with ultra-narrow linewidth is realized through an active feedback loop. A probe laser is coupled into the 
optomechanical crystal microcavity for detection of the mechanical displacement, and an FPGA-based processor supplies 
adjustable delay and gain to drive an electro-optic modulator in the pump path. This process creates a modulated optical 
radiation pressure that is in-phase with the mechanical mode, providing negative damping to compensate mechanical loss.  
Phonon lasing occurs once the feedback gain fully offsets the losses. The corresponding spectra before and after the 
lasing transition are displayed in Fig. 2. Above the threshold, the signal intensity increases by over 30 dB, accompanied 
by a significant narrowing of the linewidth.  
 

 

Fig. 1 Ultra-Narrow Linewidth Phonon Laser 

 
Linewidth and stability 

Frequency-stability measurements show strong suppression of phase fluctuations after phonon lasing. The phase-noise 

power spectral density decreases by approximately 50 dB above threshold, and Allan-deviation analysis indicates that the 

intrinsic linewidth is below 0.005 Hz. To the best of our knowledge, this is the narrowest linewidth reported for a phonon 

laser to date, with a reduction of three orders of magnitude compared to the existing. 
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Feedback phonon lasing 
Phonon lasing with ultra-narrow linewidth is realized through an active feedback loop. A probe laser is coupled into the 
optomechanical crystal microcavity for detection of the mechanical displacement, and an FPGA-based processor supplies 
adjustable delay and gain to drive an electro-optic modulator in the pump path. This process creates a modulated optical 
radiation pressure that is in-phase with the mechanical mode, providing negative damping to compensate mechanical loss.  
Phonon lasing occurs once the feedback gain fully offsets the losses. The corresponding spectra before and after the 
lasing transition are displayed in Fig. 2. Above the threshold, the signal intensity increases by over 30 dB, accompanied 
by a significant narrowing of the linewidth.  
 

 

Fig. 1 Ultra-Narrow Linewidth Phonon Laser 

 
Linewidth and stability 

Frequency-stability measurements show strong suppression of phase fluctuations after phonon lasing. The phase-noise 

power spectral density decreases by approximately 50 dB above threshold, and Allan-deviation analysis indicates that the 

intrinsic linewidth is below 0.005 Hz. To the best of our knowledge, this is the narrowest linewidth reported for a phonon 

laser to date, with a reduction of three orders of magnitude compared to the existing. 

 

  

Fig. 2 Comparison of the phase noise power spectral 

density before and after lasing 

 

Fig. 3 Allan deviation of the mechanical signals before 

and after phonon lasing 

 

 
Conclusions 
In summary, we have demonstrated a phonon laser with an ultranarrow linewidth of less than 0.005 Hz, achieved by 

leveraging a high-Q mechanical mode combining with active feedback control. This approach establishes a novel 

architecture for generating highly coherent phonon sources. 
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Abstract A lead-free perovskite neuromorphic imaging system enables single-frame motion vector imaging by integrating 
sensing, memory, and computation. Broadband photo-thermoelectric synapses directly encode trajectories and extract 
motion parameters, achieving efficient dynamic vision with ~300:1 sensor-level data compression. 
 
Introduction  
Conventional CMOS vision systems require high-frame-rate acquisition and multi-frame processing, resulting in redundant 
data transfer and computational burden [1-3]. Inspired by biological vision, we propose a single-frame motion vector 
imaging (SF-MVI) paradigm using neuromorphic optoelectronic synapses capable of simultaneously sensing, storing, and 
processing temporal information. 
 
Material and Device Concept 
The system is based on lead-free (3BPA)3Bi2I6Br3 perovskite optoelectronic synapses. Strong acoustic–optical phonon 
coupling and soft lattice dynamics yield an ultralow thermal conductivity of 0.152 W m−1 K−1, enabling broadband photo-
thermoelectric responses from 450 to 1342 nm. The devices exhibit synaptic plasticity, broadband photodetection, and 
intrinsic temporal relaxation suitable for motion encoding. 
 

  

Fig. 1 Broadband photoresponse of the (3BPA)3Bi2I6Br3 

synaptic device. (a) UV–IR perception; (b) device structure 

and mechanism; (c) ΔT and Voc versus light power; (d) 

transient photocurrent; (e) power-dependent photocurrent; 

(f) wavelength-dependent synaptic response. 

Fig. 2 Origin of ultralow thermal conductivity in 

(3BPA)3Bi2I6Br3. (a) Crystal structure; (b) phonon 

dispersion; (c) bulk modulus; (d) Raman spectra; (e) 

phonon lifetime; (f) thermal conductivity comparison. 

 

Neuromorphic Imaging and Motion Vector Extraction 
A monolithic 64×64 active-matrix array (4096 pixels) was integrated with an a-Si TFT backplane. The array demonstrated 

excellent uniformity (PRNU = 4.06%) and robust visible/infrared imaging. By exploiting photocurrent decay dynamics (τ = 

2.77 s), motion trajectories are compressed into a single spatiotemporal frame. Velocity, acceleration, and angular velocity 
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Introduction  
Conventional CMOS vision systems require high-frame-rate acquisition and multi-frame processing, resulting in redundant 
data transfer and computational burden [1-3]. Inspired by biological vision, we propose a single-frame motion vector 
imaging (SF-MVI) paradigm using neuromorphic optoelectronic synapses capable of simultaneously sensing, storing, and 
processing temporal information. 
 
Material and Device Concept 
The system is based on lead-free (3BPA)3Bi2I6Br3 perovskite optoelectronic synapses. Strong acoustic–optical phonon 
coupling and soft lattice dynamics yield an ultralow thermal conductivity of 0.152 W m−1 K−1, enabling broadband photo-
thermoelectric responses from 450 to 1342 nm. The devices exhibit synaptic plasticity, broadband photodetection, and 
intrinsic temporal relaxation suitable for motion encoding. 
 

  

Fig. 1 Broadband photoresponse of the (3BPA)3Bi2I6Br3 

synaptic device. (a) UV–IR perception; (b) device structure 

and mechanism; (c) ΔT and Voc versus light power; (d) 

transient photocurrent; (e) power-dependent photocurrent; 

(f) wavelength-dependent synaptic response. 

Fig. 2 Origin of ultralow thermal conductivity in 

(3BPA)3Bi2I6Br3. (a) Crystal structure; (b) phonon 

dispersion; (c) bulk modulus; (d) Raman spectra; (e) 

phonon lifetime; (f) thermal conductivity comparison. 

 

Neuromorphic Imaging and Motion Vector Extraction 
A monolithic 64×64 active-matrix array (4096 pixels) was integrated with an a-Si TFT backplane. The array demonstrated 

excellent uniformity (PRNU = 4.06%) and robust visible/infrared imaging. By exploiting photocurrent decay dynamics (τ = 

2.77 s), motion trajectories are compressed into a single spatiotemporal frame. Velocity, acceleration, and angular velocity 

can be extracted directly from photocurrent gradients without conventional video reconstruction. 

 
 

Fig. 3 Monolithic 64 × 64 neuromorphic imaging array. 

(a) Pixel structure; (b) addressing circuit; (c) array 

photograph; (d, e) pixel uniformity; (f) performance 

benchmarking; (g–j) visible and IR imaging 

demonstrations. 

Fig. 4 Single-frame motion vector imaging and 

velocity extraction.(a) Vision sensing concept; (b) 

motion vector imaging principle; (c) representative 

trajectories; (d) velocity extraction method; (e) 

synaptic decay dynamics; (f) calculated velocities. 

 

Results and Significance 
The SF-MVI framework successfully recognized six representative motion directions with 100% classification accuracy 

using a compact neural network. Compared with conventional 30 fps imaging, the system achieves approximately 300:1 

sensor-level data compression while preserving dynamic information. This work establishes a scalable platform for real-

time motion perception, autonomous systems, and embodied artificial intelligence. 

 
Conclusions 
We demonstrate a broadband neuromorphic vision platform that directly encodes motion vectors within a single exposure. 

The combination of phonon-engineered lead-free perovskites, photo-thermoelectric sensing, and in-sensor computation 

provides an efficient route toward next-generation intelligent machine vision. 
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Abstract Shielded X-ray communication is limited by detector sensitivity at low dose. Molecular halogen substitution 
stabilizes lead-free (I-PA)₄AgBiI₈, delivering record-low detection limit and reliable Morse-code/pixel-pattern decoding 
through 18.8 mm aluminum barriers for safer information transfer applications. 
 
Introduction  

Reliable wireless communication is essential in extreme environments, including shielded facilities and regions with 
severe electromagnetic interference. X-rays, with ultrashort wavelengths and high penetration capability, are promising for 
next-generation communication in such environments[2]. However, practical X-ray communication (XCOM) remains limited 
by the lack of ultra-sensitive, low-noise detectors that can operate under low-dose conditions. Lead-free two-dimensional 
double-metal perovskites containing Ag and Bi are attractive for X-ray detection because of their high-Z composition, 
structural tunability, and improved stability[3]. Nevertheless, their performance is often restricted by lattice distortion, 
insufficient dielectric screening, and limited charge-collection efficiency. 
 

  
Fig. 1 Structural and photophysical characterization of 

(I-PA)₄AgBiI₈: (a) SCXRD structure, (b) PXRD 

pattern, (c) dielectric permittivity, and (d) exciton 

binding energy. 

 

Fig. 2 X-ray detection performance of (I-PA)₄AgBiI₈: 

(a) bias-dependent photoconductivity and μτ product, 

(b) dose-rate-dependent current density, (c) SNR-

derived detection limit, and (d) comparison with 

reported halide double-perovskite X-ray detectors. 
Halogen Substitution with Enhanced Dielectric Response and Low Exciton Binding Energy 

Herein, we report a molecular-level strategy to stabilize the lead-free double perovskite (I-PA)₄AgBiI₈ through terminal 
iodine substitution in the organic spacer[1]. This design increases molecular polarizability and strengthens iodine-involved 
intermolecular interactions, stabilizing the perovskite framework against competing low-dimensional phases. Single-crystal 
X-ray diffraction reveals a layered double-perovskite structure, in which Ag/Bi–I octahedral inorganic layers are separated 
by organic spacer cations. The compact crystal packing gives a high density of 3.452 g cm⁻³, favorable for X-ray absorption. 
Benefiting from enhanced dielectric screening, (I-PA)₄AgBiI₈ exhibits a high dielectric constant of 38.1 and an ultralow 
exciton binding energy of 50.4 meV, facilitating X-ray-induced free-carrier generation, separation, and extraction. 
 
Exceptional X-ray Detection Sensitivity and Low Detection Limit 
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double-metal perovskites containing Ag and Bi are attractive for X-ray detection because of their high-Z composition, 
structural tunability, and improved stability[3]. Nevertheless, their performance is often restricted by lattice distortion, 
insufficient dielectric screening, and limited charge-collection efficiency. 
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pattern, (c) dielectric permittivity, and (d) exciton 

binding energy. 

 

Fig. 2 X-ray detection performance of (I-PA)₄AgBiI₈: 

(a) bias-dependent photoconductivity and μτ product, 

(b) dose-rate-dependent current density, (c) SNR-

derived detection limit, and (d) comparison with 

reported halide double-perovskite X-ray detectors. 
Halogen Substitution with Enhanced Dielectric Response and Low Exciton Binding Energy 

Herein, we report a molecular-level strategy to stabilize the lead-free double perovskite (I-PA)₄AgBiI₈ through terminal 
iodine substitution in the organic spacer[1]. This design increases molecular polarizability and strengthens iodine-involved 
intermolecular interactions, stabilizing the perovskite framework against competing low-dimensional phases. Single-crystal 
X-ray diffraction reveals a layered double-perovskite structure, in which Ag/Bi–I octahedral inorganic layers are separated 
by organic spacer cations. The compact crystal packing gives a high density of 3.452 g cm⁻³, favorable for X-ray absorption. 
Benefiting from enhanced dielectric screening, (I-PA)₄AgBiI₈ exhibits a high dielectric constant of 38.1 and an ultralow 
exciton binding energy of 50.4 meV, facilitating X-ray-induced free-carrier generation, separation, and extraction. 
 
Exceptional X-ray Detection Sensitivity and Low Detection Limit 

The charge-extraction capability of the detector was evaluated using the Hecht equation, yielding a mobility-lifetime 
product of 1.2 × 10⁻³ cm² V⁻¹. The device shows a linear photocurrent response over a broad dose-rate range and achieves 
a high sensitivity of 1.79 × 10⁴ μC Gyair⁻¹ cm⁻² under 100 V bias. Based on the signal-to-noise ratio criterion of SNR = 3, 
the detector reaches ultralow detection limits of 1.95 nGyair s⁻¹ at 0 V and 0.012 nGyair s⁻¹ at 100 V. In addition, temperature-
dependent conductivity measurements reveal a large ion-migration activation energy of 735 meV, while long-term 
measurements confirm negligible dark-current drift and stable photocurrent response. 
 

  
Fig. 3 Operational stability of the (I-PA)₄AgBiI₈ X-ray 

detector: (a) temperature-dependent conductivity and 

activation energy, (b) dark-current drift under 100 V 

bias, and (c) long-term stability. 

 

Fig. 4 Low-dose X-ray signal decoding using the (I-

PA)₄AgBiI₈ detector: (a) decoding setup, (b) Morse-

code input for “UCAS”, (c) decoded photocurrent 

output, and (d) pixel-pattern transmission. 

 

 
Low-Dose X-ray Signal Decoding across Aluminum Shielding 

To demonstrate application feasibility, proof-of-concept low-dose X-ray signal decoding was performed using the (I-
PA)₄AgBiI₈ detector. During Morse-code encoding, the X-ray emission was modulated into dot and dash pulses, and the 
detector successfully reconstructed the transmitted message. To emulate a strongly shielded environment, the X-ray beam 
was passed through an 18.8 mm-thick aluminum plate, reducing the dose rate to 157 nGy s⁻¹. Nevertheless, the detector 
maintained full decoding capability. Pixel-pattern transmission was further demonstrated by converting modulated X-ray 
signals into photocurrent outputs. These results verify the feasibility of radiation-minimized X-ray signal recognition in 
shielded environments. 
 
Conclusions 
In summary, we have developed a novel 2D double perovskite, (I-PA)₄AgBiI₈, through halogen substitution, which 
simultaneously enhances structural stability and molecular polarizability. Benefiting from the high dielectric constant and 
low exciton binding energy, the resulting X-ray detector achieves exceptional sensitivity, an ultralow detection limit of 0.012 
nGyair s⁻¹, and excellent operational stability. Importantly, the device further enables reliable ultralow-dose X-ray signal 
decoding, highlighting the potential of halogen-engineered lead-free perovskites for high-sensitivity X-ray detection and 
specialized communication technologies. 
 
References 
1 L. Wang et al., IEEE Electron Device Lett., accepted, doi: 10.1109/LED.2026.3705883. 
2 J. Mu et al., J. X-Ray Sci. Technol., 28 (2020), 187–196. 
3 H. Chen et al., Adv. Mater., 36 (2024), 2308872. 
 

Lixia, Wang received her B.S. degree in Microelectronics Science and Engineering from Jilin University. 

She is currently a combined M.S.–Ph.D. student at the University of Chinese Academy of Sciences, Beijing, 

China. Her research focuses on brain-inspired neuromorphic visual perception chips, optoelectronic sensing 

devices, and perovskite-based X-ray detectors. She was selected for a doctoral student talent cultivation 

program supported by the China Association for Science and Technology (CAST). 

  



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

80

Poster Session I

PI-21 
Momentum-Space Observation of Chiral Bloch Resonances in Supercell 

Photonic Crystals 
 

Jie Wu (1), Kangpeng Wang (2), Bo Wang(3) ,Guangfeng Wang(4), Xinyu Liu(5), Yuning Zhang (6) 
1 : Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Science,  

Shanghai 201800, China, wujie@siom.ac.cn, 
2 : Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Science, kpwang@siom.ac.cn, 

 3 : Shanghai Jiao Tong University, wangbo89@sjtu.edu.cn， 
4 : Shanghai Jiao Tong University, wanggf23@sjtu.edu.cn， 

5 : Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Science, liuxy@siom.ac.cn, 
6 : Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Science, ynzhang@siom.ac.cn 

 
Abstract We experimentally observe chiral Bloch resonances in a C3 supercell photonic crystal slab using momentum-
space spectroscopy, revealing polarization-dependent reflection, circular dichroism, and opposite near-field phase vortices 
associated at opposite in-plane momenta. 
 
Introduction 
Photonic crystal slabs support radiative Bloch resonances whose dispersion, leakage channels, and polarization textures 
can be resolved in momentum space. These resonances provide a compact platform for engineering polarization-selective 
optical responses within subwavelength-thick planar structures. When Bloch modes couple asymmetrically to left- and 
right-handed circularly polarized light, their far-field spectra exhibit circular dichroism (CD), a direct signature of chiral 
resonant behaviour. 
Recent studies have demonstrated that chiral resonances in photonic crystal platforms can be engineered through 
symmetry breaking [1], geometric perturbation [2], and Brillouin-zone folding [3], enabling control over chiral modes, Q 
factors, and light-emitter coupling. Establishing a systematic experimental connection between angle-resolved CD spectra, 
two-dimensional k-space imaging, and the corresponding Bloch-mode is therefore essential for identifying the modal origin 
of chiral resonances in supercell photonic crystals. Here, we design and fabricate a C3 supercell photonic crystal slab and 
combine angle-resolved imaging spectroscopy with numerical analysis to observe chiral Bloch resonances in momentum 
space and link their modal origin to near-field phase-vortex textures. 

 

Fig. 1 Experimental setup and momentum-space characterization. 

Supercell Photonic Crystal and Momentum-Space Spectroscopy 
The investigated structure is a planar supercell photonic crystal slab composed of three triangular units arranged into a C3 
supercell [4]. The two lower triangles in each supercell are rotated in opposite in-plane directions, introducing a controlled 
structural degree of freedom while preserving the periodic supercell arrangement. A scanning electron microscopy image 
confirms the fabricated triangular-unit geometry and the long-range periodicity of the slab. 
The polarization state of the incident light is controlled by a linear polarizer and a quarter-wave plate, allowing selective 
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factors, and light-emitter coupling. Establishing a systematic experimental connection between angle-resolved CD spectra, 
two-dimensional k-space imaging, and the corresponding Bloch-mode is therefore essential for identifying the modal origin 
of chiral resonances in supercell photonic crystals. Here, we design and fabricate a C3 supercell photonic crystal slab and 
combine angle-resolved imaging spectroscopy with numerical analysis to observe chiral Bloch resonances in momentum 
space and link their modal origin to near-field phase-vortex textures. 

 

Fig. 1 Experimental setup and momentum-space characterization. 

Supercell Photonic Crystal and Momentum-Space Spectroscopy 
The investigated structure is a planar supercell photonic crystal slab composed of three triangular units arranged into a C3 
supercell [4]. The two lower triangles in each supercell are rotated in opposite in-plane directions, introducing a controlled 
structural degree of freedom while preserving the periodic supercell arrangement. A scanning electron microscopy image 
confirms the fabricated triangular-unit geometry and the long-range periodicity of the slab. 
The polarization state of the incident light is controlled by a linear polarizer and a quarter-wave plate, allowing selective 

excitation under linear, LCP, and RCP illumination. The back focal plane of the objective is imaged either onto a CCD 
camera to obtain two-dimensional k-space images or onto the entrance slit of a spectrometer to measure angle-resolved 
reflection spectra along high-symmetry directions. Wavelength-filtered k-space images further provide iso-frequency 
contours of the resonant radiation. 
Polarization-Resolved Chiral Resonances 
The angle-resolved spectra reveal resonant features whose reflection intensities depend strongly on the incident circular 
polarization and the sign of the in-plane momentum. Under LCP and RCP illumination, a pair of resonant branches at 
opposite momentum directions shows different reflection responses, indicating polarization-selective coupling to Bloch 
resonances. This asymmetric response gives rise to a measurable momentum-space circular dichroism. 
The CD spectrum is calculated from the normalized difference between the LCP- and RCP-excited reflection spectra. 
Positive and negative CD signals appear at opposite momentum directions, showing that the chiral response reverses 
when the in-plane wave vector is reversed. Spectral slices taken at paired incident angles further confirm that the 
resonance enhanced under one circular polarization at positive momentum is enhanced under the opposite circular 
polarization at negative momentum.  
Mode Assignment and Near-Field Phase-Vortex Textures 
To identify the modal origin of the measured chiral resonances, we compare the experimental spectra with numerical 
simulations and photonic band calculations. Rigorous coupled-wave analysis and finite-difference time-domain simulations 
reproduce the main angle-resolved reflection features, while the calculated TE-like band structure assigns the observed 
resonances to a pair of counter-propagating Bloch modes in the supercell photonic crystal. 
Near-field electromagnetic simulations further reveal that these modes carry distinct phase-vortex textures. The vertical 
magnetic-field phase distributions associated with the two resonant modes show opposite vortex handedness, consistent 
with the reversal of the far-field CD response at opposite momenta. This agreement between momentum-resolved 
spectroscopy, circular-dichroism measurements, band assignment, and near-field phase structure supports the 
interpretation that the measured signals arise from chiral Bloch resonances rather than from an isolated far-field 
polarization artifact. 
Conclusions 
We have experimentally observed momentum-space chiral Bloch resonances in a C3 supercell photonic crystal slab. By 
combining k-space imaging, angle-resolved polarization spectroscopy, circular-dichroism analysis, and numerical mode 
assignment, we establish a direct connection between far-field chiral optical responses and near-field phase-vortex 
textures. These results provide a momentum-space characterization route for identifying chiral resonant modes in supercell 
photonic crystals and suggest a platform for controlling polarization-selective Bloch resonances through supercell 
symmetry design. 
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Abstract  

Assisted by surface plasmon polaritons at a metal–dielectric interface, Cherenkov radiation is generated by grazing 
free electrons with enhanced efficiency, which is investigated via electron energy loss spectroscopy. 
 
Introduction 

The interaction of free electrons with materials gives rise to various radiation processes, including Cherenkov 
radiation[1~3], transition radiation[4], and Smith–Purcell radiation[5], which provide diverse platforms for compact radiation 
sources. Among these mechanisms, enhancing the radiation efficiency remains a central challenge because the interaction 
between free electrons and electromagnetic modes is typically limited by the short interaction time[6~8]. 

The interaction strength between free electrons and electromagnetic modes commonly depends on both phase 
matching and the effective interaction length[3,7,8]. When the interaction time between electrons and electromagnetic modes 
is extended, the coupling strength can be significantly enhanced, leading to stronger free-electron radiation[9]. Here we 
experimentally demonstrate a plasmonic-assisted approach to enhance Cherenkov radiation. When free electrons graze 
along a metal–dielectric interface, surface plasmon polaritons (SPPs) with high optical density of states are excited and 
co-propagate with the electrons, effectively prolonging the electron–field interaction time and intensity. This enhanced 
interaction increases the coupling strength and consequently amplifies the Cherenkov radiation.  
 

Theory Analysis 

 
Fig. 1 Theoretical calculation results of SPPs-Assisted Cherenkov Radiation. 

 
Figure 1(a) illustrates the mechanism of plasmonic-enhanced Cherenkov radiation. As free electrons graze along a 

thin Au film, SPPs are excited at the metal–dielectric interface. The excited SPPs co-propagating with the grazing electrons 
maintain strong electron–field coupling over an extended distance, while SPPs’ high density of optical states provides 
abundant electromagnetic modes for electron coupling, thereby enhancing the Cherenkov radiation emission in the SiO₂ 
substrate. Figure 1(b) shows the simulated electric-field distributions of plasmonic enhanced Cherenkov radiation. The far-
field temporal response in Fig. 1(c) further confirms the mechanism that the plasmonic structure sustains the radiation for 
a much longer duration. For the bare dielectric structure, the radiation rapidly decays with time. In contrast, the Au-coated 
structure supports long-lived SPP modes, allowing the radiation to persist for approximately nine additional oscillation 
cycles. These results demonstrate that the SPP-mediated interaction effectively extends the electron–field interaction time 
and provides an efficient approach for enhancing Cherenkov radiation. 
 
Experiment Results 

To probe the above radiation process, we use an indirect detection approach by analyzing the electron energy loss 
spectrum (EELS) after electrons graze past a metal thin-film structure. Figure 2(a) presents the cross-sectional 
transmission electron microscopy (TEM) image, showing the position of the electron beam over the Au surface (d=60nm). 
And the energy-dispersive X-ray spectroscopy (EDS) measurement result of the sample shows the deposited Au thickness 
agrees well with the designed value. 
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structure supports long-lived SPP modes, allowing the radiation to persist for approximately nine additional oscillation 
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Experiment Results 

To probe the above radiation process, we use an indirect detection approach by analyzing the electron energy loss 
spectrum (EELS) after electrons graze past a metal thin-film structure. Figure 2(a) presents the cross-sectional 
transmission electron microscopy (TEM) image, showing the position of the electron beam over the Au surface (d=60nm). 
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Fig. 2 Experimental results of SPPs-Assisted Cherenkov Radiation via EELS. 

 
Figure 2(b) compares the EELS measured from samples with and without the Au film. Compared with the bare SiO₂ 

sample (dAu = 0), the introduction of the Au film (dAu = 50nm) produces a pronounced enhancement of EELS signal around 
2.53eV, corresponding to SPP resonance peak and related SPPs-assisted Cherenkov radiation. Figure 2(c) presents the 
varied EELS with Au thicknesses and indicates the resonance peak shifts due to the change in the SPP dispersion relation 
as dAu increases. It is obvious that the Au film (dAu = 10nm, 25nm, 40nm, 55nm) produces a pronounced modification of 
the EELS spectrum. By varying the Au thickness, the measured resonance shift agrees well with the theoretical prediction 
based on the SPP dispersion relation, further supporting the SPPs-assisted Cherenkov radiation mechanism. 
 
Conclusions 
This work experimentally demonstrates the SPPs-assisted Cherenkov radiation with enhanced intensity. The enhancement 
mechanism stems from the high optical density of states of SPP and extended electrons-SPP interaction time. Our work 
provides a new strategy for manipulating free-electron radiation and facilitates the development of high-efficient free-
electron light emitters. 
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Abstract: We have demonstrated a scalable and universal optoelectronic hybrid computing architecture (SUANPAN) 
formed by independent emitter-detector pairs. A 64-dimensional SUANPAN could achieve 88% accuracy in MNIST 
image recognition and successfully solve a 1024-dimensional Ising problem. 

 
Introduction 
Due to its natural characteristics of high speed, wide bandwidth and parallel propagation, light is promising to 
alleviate the computational burden in artificial intelligence (AI) applications caused by extensive vector multiplications. 
Various photonic computing architectures have been demonstrated to perform vector multiplications, i.e. Reck 
scheme [1], Stanford structure [2], deep diffraction architecture [3], micro-ring resonator array [4], etc. However, 
existing linear optical computing architectures usually rely on complex beam interactions to perform optical matrix 
transformations. The basic units in those computing architectures, i.e. liquid crystal cells, beam splitters, meta-atoms, 
etc. are highly coupled with each other. It is difficult to simultaneously achieve the requirements to be scalable and 
programmable in general-purpose AI computing. Therefore, such existing optical computing architectures are usually 
applied for specific tasks to minimize the programming of optical computing units, and there is an urgent need for a 
universal computing architecture. 

 
Fig. 1 A, The architecture of SUANPAN. B-C, The encoding scheme of 2-bit quantization and M-bit quantization 

The SUANPAN Architecture 
The SUANPAN architecture is promoted to address the aforementioned issues as shown in Fig. 1A. The emitter-
detector pair is the independent fundamental computing unit to perform multiply-add operations. It employs a brand-
new encoding method to perform digital-analog conversions without traditional digital-to-analog convertors (DACs). 
As 2-bit quantization, two emitter-detector pairs should be combined as a set as shown in Fig. 1B. The two bits in the 
binary representation of multiplier b would be corresponding to the on-off states of the two emitter-detector pairs, and 
the photoresponsivity of the two photodetectors should be set as 20 and 21. Further, M-bit quantization can be 
achieved with M emitter-detector pairs as shown in Fig. 1C. Therefore, the SUANPAN architecture can achieve 
multiply-add operations of arbitrary bit precision in theory. Since there is no interaction among the propagating light 
beams of all emitter-detector pairs, SUANPAN can be extremely scalable through simply duplicating such emitter-
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The SUANPAN Architecture 
The SUANPAN architecture is promoted to address the aforementioned issues as shown in Fig. 1A. The emitter-
detector pair is the independent fundamental computing unit to perform multiply-add operations. It employs a brand-
new encoding method to perform digital-analog conversions without traditional digital-to-analog convertors (DACs). 
As 2-bit quantization, two emitter-detector pairs should be combined as a set as shown in Fig. 1B. The two bits in the 
binary representation of multiplier b would be corresponding to the on-off states of the two emitter-detector pairs, and 
the photoresponsivity of the two photodetectors should be set as 20 and 21. Further, M-bit quantization can be 
achieved with M emitter-detector pairs as shown in Fig. 1C. Therefore, the SUANPAN architecture can achieve 
multiply-add operations of arbitrary bit precision in theory. Since there is no interaction among the propagating light 
beams of all emitter-detector pairs, SUANPAN can be extremely scalable through simply duplicating such emitter-

detector pairs. At the same time, SUANPAN architecture greatly avoids the costs of delay, energy consumption and 
area introduced by DAC in traditional optoelectronic hybrid computing schemes. 

Fig. 2. A, The optical image of 64-dimensional SUANPAN. B, The framework of Ising machine application with 
SUANPAN. C, The neural network for MNIST image recognition. 

Results 
In the experiment, a 64-dimensional SUANPAN is demonstrated (Fig. 2A) through an 8×8 vertical cavity surface 
emission laser (VCSEL) array and an 8×8 MoTe2 two-dimensional material photodetector array. A calculation fidelity 
of over 98% is achieved in the randomly generated vector inner product test of different bit precision, which is the 
foundation of universal AI computing. Furthermore, SUANPAN has performed two typical AI tasks, image recognition 
and Ising problem. For image recognition, A neural network is shown in Fig. 2C, where the linear vector 
multiplications are performed by the 64-dimensional SUANPAN and the nonlinear activation functions are calculated 
in an electronic processor. An experimentally accuracy of 88% is achieved in MNIST handwritten digit images 
recognition, which is consistent with the simulations. For Ising problem, the framework of the heuristic algorithm is 
shown in Fig. 2B, where the calculation of the Hamiltonian is performed by the SUANPAN and the nonlinear 
annealing process is performed in an electronic processor. 99% ground state convergence rate is experimentally 
achieved for a randomly generated 30-dimensional Ising problem. At the same time, a randomly generated 1024-
dimensional Ising problem has been successfully solved, which is the highest dimensionality of optical Ising machine 
with the heuristic algorithm. 
Conclusions 
In this work, we have proposed a scalable and programmable optoelectronic hybrid computing architecture based on 
independent emitter-detector pairs as the basic computing units, and have promoted a brand-new encoding method 
for arbitrary bit precision without relying on the DAC. Further, a 64-dimensional SUANPAN is demonstrated and 
applied in two typical AI tasks to experimentally validated the potential for general-purpose AI applications. 
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Abstract We proposed design improvement of silicon oxynitride edge coupler from a basic linear taper shape to a 
trident shape. The coupling efficiency is improved from -0.47 dB to -0.30 dB at 1.55-μm wavelength  
 

  
Introduction  
Efficient fiber-to-chip coupling is essential for silicon photonic integrated circuits [1]. Silicon oxynitride (SiON) is a 
promising platform because of its low propagation loss and controllable refractive index by deposition conditions, which 
enables efficient mode matching with optical fibers. However, conventional inverse tapers have limited structural 
freedom, leading to insufficient control of mode evolution and radiation loss. Although trident edge couplers have been 
studied in other material platforms [2][3], their use in high-index single-layer SiON waveguides remains insufficiently 
explored. In this work, we propose a trident edge coupler optimized by hybrid inverse design to improve coupling 
efficiency in SiON photonic integrated circuits.  
Device Structure and Optimization  
The right figure of Fig. 1 shows the proposed SiON trident edge coupler with a 400-nm-thick core (n = 1.9) and SiO₂ 
cladding. Compared with the reference linear inverse taper (the left figure), two optimized side branches are introduced 
to control mode evolution. The geometry was designed using hybrid Bayesian–adjoint optimization with a  
120-nm minimum feature-size constraint.  
Simulation Results  
Three-dimensional FDTD simulations were performed using Ansys Lumerical with a Gaussian beam waist radius of 1.05 
μm, which is the value for our lensed fiber. The conventional linear taper exhibits a coupling loss of 0.47 dB (90.0%) at 
1.55 μm, whereas the optimized trident structure reduces it to 0.30 dB (93.3%). Fig. 2 compares the optical leakage 
electric-field distributions of the inverse taper and trident coupler. The trident structure suppresses optical leakage and 
improves confinement inside the SiON core by redistributing the optical field and reducing lateral radiation, resulting in 
better mode matching with the incident Gaussian beam. In particular, the top/bottom leakage loss is reduced from 2.2% 
to 0.67%, and the side leakage loss is reduced from 2.0% to 0.2%, leading to improved simulated coupling efficiency. 
The remaining reflection loss at the input interface is approximately 4%, which could be further reduced by introducing 
an anti-reflection coating during fabrication. In addition, the optimized structure maintains a minimum feature size of 120 
nm, indicating good compatibility with standard CMOS fabrication processes.  
    

 

 Fig. 1 (Left) linear inverse taper edge coupler. (Right)  Fig. 2. Comparison of optical leakage field distributions:  

Optimized trident edge coupler   inverse taper coupler (top) and trident coupler (bottom), 

showing top leakage (left) and side leakage (right).  
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 Fig. 1 (Left) linear inverse taper edge coupler. (Right)  Fig. 2. Comparison of optical leakage field distributions:  

Optimized trident edge coupler   inverse taper coupler (top) and trident coupler (bottom), 

showing top leakage (left) and side leakage (right).  

  

Conclusions  
A trident edge coupler for a single-layer SiON platform was optimized using a hybrid inverse-design framework. By 
appropriately tailoring the trident geometry, lateral radiation loss was suppressed and the coupling loss at 1.55 μm was 
improved from 0.47 dB to 0.30 dB. These results indicate that the trident concept can provide an effective solution for 
realizing low-loss SiON photonic integrated circuits. Owing to its fabrication-friendly geometry and low coupling loss, the 
proposed structure is promising for future high-density optical interconnect applications.  
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Abstract A wafer-scale heterogeneously integrated DP‑IQ modulator on an 8‑inch SiPh platform uses TFLN for EO and 
Si/SiN for passives. It features 4×3 mm² footprint and 640 Gbit/s DP‑16QAM. 
 
Introduction 
Thin-film lithium niobate (TFLN) photonic integrated circuits have attracted increasing attention for high-speed optical 
communication owing to their strong Pockels electro-optic (EO) effect, broad optical transparency window, and excellent 
modulation performance[1, 2]. However, monolithic TFLN platforms still face limitations in compact passive integration, 
polarization management, thermo-optic tuning, and photodetection, mainly due to the optical anisotropy and relatively low 
refractive-index contrast of TFLN[3]. Silicon photonics (SiPh) provides mature wafer-scale fabrication, compact passive 
components, efficient thermo-optic phase shifters, and compatibility with process design kits[4]. Therefore, heterogeneous 
integration of TFLN on an 8-inch SiPh platform offers a promising route for coherent photonic integrated circuits. 

 
Fig. 1 (a) Photograph of the 8-inch TFLN-on-SiPh wafer. (b) Microscope image of the TFLN-on-SiPh DP-IQ modulators. 

(c)-(g) Schematic diagram of the main process flows of the heterogeneous integrated TFLN-on-SiPh EO modulators. 
Thin-Film Lithium Niobate (TFLN) Coherent Modulator on an 8‑‑inch SiPh platform 
As shown in Fig 1, we fabricate a compact heterogeneously integrated TFLN dual-polarization in-phase/quadrature (DP-
IQ) modulator on an 8-inch SiPh platform. The device is fabricated by wafer-scale direct bonding of an 8-inch lithium-
niobate-on-insulator wafer on a patterned SiPh wafer, enabling the co-integration of TFLN, silicon, and silicon nitride 
devices. In this platform, TFLN is selectively used for high-speed electro-optic modulation, while silicon and silicon nitride 
are employed for compact passive routing, multimode interferometers, polarization rotator-combiners, vertical adiabatic 
couplers, crossings, and thermo-optic phase shifters. A folded Mach–Zehnder architecture is adopted to reduce the device 
footprint while maintaining a long modulation length. Each constituent modulator contains three pairs of 3-mm-long TFLN 
modulation arms, providing an effective modulation length of 9 mm within a compact footprint of only 4 × 3 mm².  
 
Result 
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(c)-(g) Schematic diagram of the main process flows of the heterogeneous integrated TFLN-on-SiPh EO modulators. 
Thin-Film Lithium Niobate (TFLN) Coherent Modulator on an 8‑‑inch SiPh platform 
As shown in Fig 1, we fabricate a compact heterogeneously integrated TFLN dual-polarization in-phase/quadrature (DP-
IQ) modulator on an 8-inch SiPh platform. The device is fabricated by wafer-scale direct bonding of an 8-inch lithium-
niobate-on-insulator wafer on a patterned SiPh wafer, enabling the co-integration of TFLN, silicon, and silicon nitride 
devices. In this platform, TFLN is selectively used for high-speed electro-optic modulation, while silicon and silicon nitride 
are employed for compact passive routing, multimode interferometers, polarization rotator-combiners, vertical adiabatic 
couplers, crossings, and thermo-optic phase shifters. A folded Mach–Zehnder architecture is adopted to reduce the device 
footprint while maintaining a long modulation length. Each constituent modulator contains three pairs of 3-mm-long TFLN 
modulation arms, providing an effective modulation length of 9 mm within a compact footprint of only 4 × 3 mm².  
 
Result 

As shown in Fig 2, the fabricated modulator exhibits a static extinction ratio of 24 dB and an on-chip insertion loss of 6.1 
dB in the C band. At 1550 nm, the measured half-wave voltage is 3.3 V, corresponding to a VπL of 2.97 V·cm. The folded 
modulator shows a 3-dB EO bandwidth of 35 GHz while maintaining a return loss below −15 dB. High-speed coherent 
transmission experiments further demonstrate clear constellation diagrams for 100-Gbaud QPSK, 70-Gbaud 16-QAM, and 
80-Gbaud 16-QAM signals, with the measured bit error ratios (BERs) remaining below the corresponding HD-FEC 
threshold for QPSK and SD-FEC threshold for 16-QAM. 
 

 
Fig.2 (a) Measured transmission spectrum of the constituent TFLN-on-SiPh modulators. (b) Normalized transmission 
with a 100-kHz triangular-wave voltage at 1550 nm. (c) Measured EO S21 response of the DP-IQ modulators at 1550 

nm.(d) Measured constellation diagrams of the X-pol and Y-pol. (e) Measured BERs of X-pol and Y-pol. 
 
Conclusions 
We demonstrate a compact heterogeneously integrated TFLN-on-SiPh DP-IQ modulator. Benefiting from the folded 
architecture and compact SiPh passive components, the modulator with a footprint of only 4 × 3 mm² achieves an effective 
modulation length of 9 mm. The fabricated device exhibits a low half-wave voltage of 3.3 V and a 3-dB EO bandwidth of 
35 GHz with a return loss below −15 dB. High-speed coherent transmission is further demonstrated with 100-Gbaud QPSK, 
70-Gbaud 16-QAM, and 80-Gbaud 16-QAM signals, all satisfying the corresponding FEC thresholds. This leads to a DP-
16QAM data rate of up to 640 Gbit/s. These results highlight the potential of heterogeneous TFLN-on-SiPh modulators for 
compact, scalable, and high-performance coherent photonic integrated circuits. 
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Abstract We present a wireless photometric probe to monitor calcium dynamics during hippocampal seizures in freely 
moving mice. The miniaturized system integrates thin-film microscale optoelectronic devices and wireless circuits, offering 
a highly promising neuroscience research tool. 
 
Introduction (Arial 9 pt Bold) 
Monitoring deep-brain neuronal activities with high specificity and minimal invasiveness is crucial for understanding the 
nervous system. Genetically encoded calcium (Ca2+) indicators enable cell-specific monitoring of neuronal activities[1]. 
However, conventional fiber-based photometric systems rely on tethered instruments, constraining complex behavioral 
studies[2]. Although wireless photometric probes exist[3, 4], they can be further optimized using thin-film devices to mitigate 
tissue lesion and improved optical filters to enhance signal quality. Here, we present a fully wireless photometric probe 
system to capture Ca2+ dynamics during seizures in freely moving mice[5]. 
 
Design, Fabrication, and Characterization of the Photometric Probe 
The implantable probe integrates freestanding, thin-film optoelectronic devices transferred onto a flexible polyimide (PI) 
substrate (Fig. 1a, b). An indium gallium nitride (InGaN) blue micro-LED optically excites the GCaMP indicator, while an 
indium gallium phosphide (InGaP) photodiode records the green fluorescence. To minimize spectral crosstalk, we 
incorporated a custom short-pass filter on the micro-LED to cut off long-wavelength emissions, and a blue-absorbing dye 
filter on the detector. The rationally designed emission and detection spectra effectively match the GCaMP fluorescence 
profile while greatly minimizing LED interference (Fig. 1c). 
 

  

Fig. 1 (a) Schematic of the implantable probe structure. 

(b) Microscopic photograph of the probe. (c) Spectra of 

the blue micro-LED, photo-detector, and GCaMP 

demonstrating the spectral-selective design. 

Fig. 2 (a) Block diagram of the wireless circuit system. 

(b) Photograph of the wireless module connected to the 

probe. (c) Relative Ca2+ fluorescence intensity change 

(ΔF/F0) comparing 3 different filter configurations. 

 
Photometric System Design and In Vitro Characterization 
The probe is powered and controlled by a customized, miniaturized circuit module (1.1 g) featuring a Bluetooth Low Energy 
(BLE) transponder and a rechargeable lithium battery (Fig. 2a). A photograph of the assembled wireless module connected 
to the probe is shown in Fig. 2b. This wireless system provides prolonged operational duration and a 5 m communication 
range with a sustained data throughput of 6 kbps. In vitro tests in aqueous environments validated the system's detection 
capability. The dual-filter design significantly enhanced the relative fluorescence response (ΔF/F0) compared to bare 
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Photometric System Design and In Vitro Characterization 
The probe is powered and controlled by a customized, miniaturized circuit module (1.1 g) featuring a Bluetooth Low Energy 
(BLE) transponder and a rechargeable lithium battery (Fig. 2a). A photograph of the assembled wireless module connected 
to the probe is shown in Fig. 2b. This wireless system provides prolonged operational duration and a 5 m communication 
range with a sustained data throughput of 6 kbps. In vitro tests in aqueous environments validated the system's detection 
capability. The dual-filter design significantly enhanced the relative fluorescence response (ΔF/F0) compared to bare 
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Fig. 3 (a) Photograph of a freely behaving mouse carrying the wireless module. Continuously monitored Ca2+ 

fluorescence in CA3 during (b) sequential electrical kindlings and (c) following kainic acid (KA) administration. 

 
In Vivo Experimental Results 
The lightweight wireless photometric probes were implanted into the hippocampus (CA3) of freely behaving mice 
expressing jGCaMP7b, successfully monitoring real-time Ca2+ fluorescence without interfering with animal locomotion (Fig. 
3a). Histological analysis confirmed minimal tissue lesion (~200 μm) after chronic implantation. Upon electrical stimulation 
(kindling) in the CA1 region, the probe reliably recorded strong Ca2+ fluorescence spikes (ΔF/F0 > 0.2) during sequential 
trials (Fig. 3b). Additionally, the system effectively captured sparse, synchronized Ca2+ activities following intraperitoneal 
kainic acid (KA) administration (Fig. 3c), validating its utility in tracking both electrical- and medication-induced seizure 
events. 
 
Conclusions 
We developed a wireless, miniaturized photometric probe system utilizing thin-film microscale optoelectronic devices and 
wavelength-selective filters. The system reliably records deep-brain Ca2+ dynamics during electrically and chemically 
induced seizures in freely moving mice[5]. By eliminating tethering constraints and reducing tissue damage, this platform 
offers a powerful tool for investigating complex behaviors and neurological disease models. 
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Abstract We study dark excitons in an InAs/GaAs quantum dot under an external Voigt magnetic field. Varying field 
magnitude and direction controls the fine-structure splitting. We find conditions to nullify this splitting, stopping dark-exciton 
qubit precession. 

Introduction 
Semiconductor quantum dots (QDs) provide a robust platform for neutral spin qubits, which resist environmental 
electrostatic fluctuations better than charged carriers. While bright excitons allow for optical control, they are limited by 
nanosecond lifetimes. Dark excitons (DEs) offer microsecond lifetimes while retaining optical activity for initialization, 
control, and readout via weak state mixing [1]. The electron-hole exchange interaction lifts the spin degeneracy of neutral 
excitons; external magnetic fields can control their precession frequency when the magnetic energy matches the exchange 
splitting [2]. Here, we investigate the DE spin precession frequency under varying in-plane magnetic fields [3]. By employing 
polarization-resolved photoluminescence intensity autocorrelation, we extract electron and heavy-hole $g$-factor tensors 
to map DE spin evolution. This enables a complete characterization of the anisotropic exchange Hamiltonian and 
determines whether external magnetic fields can restore degeneracy in the DE spin eigenstates. 

Method 
The investigated structure consists of an InAs QD embedded within an asymmetric AlAs/GaAs planar microcavity on a 
[001] GaAs substrate. Held at 4 K, the sample resides inside 3D vector superconducting coils. A confocal setup excites a 
single QD and collects photoluminescence under an applied in-plane magnetic field (Fig. 1a). Emission is analyzed via 
polarization using liquid crystal variable retarders and passed through a transmission grating with 10 µeV resolution. 
Superconducting nanowire detectors time-tag photons with 30-ps resolution. The short-range exchange interaction lifts the 
degeneracy of the DE |±2> states and defines their coherent superposition phase. Resonant excitation forms a triplet 
biexciton composed of |±3> superpositions. Optical selection rules restrict transitions between the |±2> and |±3> states to 
right and left circular polarizations. The energy levels of the bright exciton (BE) and DE, as well as the optical transition 
selection rules, are schematically illustrated in Figs. 1b and 1c.

Fig. 1. (a) Schematic description of the self-assembled single QD, embedded in a planar microcavity formed by two 

distributed Bragg reflectors (DBRs). The growth direction is along the [001] axis which is parallel to the optical axis (z). An 

in-plane magnetic field (B) is externally applied at an angle φ relative to the cleavage plane [110] (x). (b) Schematic 

description of the energy levels of the bright exciton (BE) and the dark exciton (DE) as a function of the magnitude of the 

externally applied magnetic field. (c) Schematic description of the optical transition selection rules between the eigenstates 

|±2> of the DE and the eigenstates |±3> of the spin-blockaded biexciton. 
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Fig. 2. The measured energy splitting between the DE eigenstates as a function of the in-plane magnetic field magnitude 

for various in-plane directions (φ). Solid circles with error bars represent the measured data, while solid curves represent 

the best fitted model. 

 

Results 

Figure 2 displays the measured DE energy splitting against magnetic field magnitude for various in-plane directions (φ). At 

φ = 60 deg (magenta curve), we observe a clear minimum in DE splitting at B0 ≈ 1.5 T. This confirms that specific 

combinations of external field magnitude and direction can enforce degeneracy on the DE eigenstates. This behavior 

depends critically on QD symmetry; for QDs with symmetry lower than C2v, "anticrossing" is expected, leading to a 

nonvanishing lower bound for the precession frequency. For this structure, DE-BE mixing yields a lower bound of 105 MHz. 

 

Conclusions 
We have demonstrated that the DE fine-structure splitting can be accurately controlled by varying the external magnetic 

field magnitude and orientation. Comparison with a model assuming C2v symmetry for the exchange and Zeeman 

interactions of the confined charge carriers allows us to identify conditions for nullifying the energy splitting between the 

two DE eigenstates, effectively eliminating spin precession. 
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Abstract Self-arresting laser-matter interactions can organize glass into compact quantum-chip platforms, combining 
nanometric modification, sealed cavities, optical engines, electrical interfaces and wafer-level packaging for scalable 
integration beyond conventional surface-bound layouts in transparent substrates. 

Introduction 
Quantum chips are becoming heterogeneous hardware that must co-locate optics, electrodes, traps, vapour or solid-state 
quantum media, cavities, sensors and package-level optical engines within a small and stable volume. Glass is attractive 
because it combines transparency, electrical insulation, mechanical rigidity, chemical durability and compatibility with wafer-level 
packaging. The difficulty is no longer simply whether glass can be locally modified, but whether a thick transparent solid can be 
turned into an internally wired, sealed and optically addressable chip platform. 
This talk will discuss an optical manufacturing route in which ultrashort pulses are used less as miniature drill bits and more as 
programmable triggers of local structural change. The central question is how a broad optical focus can give rise to much smaller, 
self-arresting material transformations. Instead of relying only on spot size, the process uses nanoseeds, scattered fields, defects, 
thresholds and confinement conditions that switch the material response on and off within a sharply limited region. This viewpoint 
links nanoscale writing, internal slicing, tomographic facet formation and quantum-limit modification within a common 
manufacturing picture. 
I will further outline how these mechanisms may support a glass-based technology stack for quantum chips. The stack includes 
internal sectioning, drilling and cavity formation, surface smoothing, joining and sealing, functional modification and buried optical 
routing. Special attention will be paid to photonic buried wiring, a three-dimensional optical interconnect concept that can route 
signals inside a transparent package and connect photonic, electronic, atomic, ionic and sensing modules, together with optical 
engines. In wafer-level packaging, such buried optical links could complement through-glass vias and metallized electrical routes, 
reducing surface congestion and enabling more compact chip architectures. 
The message of the talk is that close-to-atom-scale optical manufacturing should not be viewed only as a resolution contest. Its 
broader value is to turn transparent solids into volumetric platforms where geometry, interfaces, optical paths and quantum 
functions can be co-designed. 
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professor in the Department of Applied Physics, Osaka University, Japan. In 2004, he was promoted to 
full professor and Changjiang Scholar at Jilin University. Since 2017, he has been working at Tsinghua 
University, China. His research focuses on laser precision manufacturing. He has published more than 
650 papers, which have received over 45,000 citations, with an h-index of 105 according to ISI records. 
He is editor-in-chief of PhotoniX and executive editor-in-chief of Light: Science & Applications. He is a 
Fellow of IEEE, Optica (OSA) and SPIE, and an academician of the Chinese Academy of Sciences. 
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Abstract This talk will review and discuss how to integrate heterogeneous optoelectronic materials and components on 
photonic integrated circuits in order to achieve more complete functionality and higher performance. 
 
Introduction 
Leveraging advantages such as ease of large-scale manufacturing, complementary metal-oxide-semiconductor (CMOS) 
process compatibility, high integration density, and low cost, silicon photonics have emerged as a core technological 
platform for photonics integrated circuits (PICs) used in AI data centers and on-chip/inter-chip optical interconnects. 
Meanwhile, emerging photonic integration platforms, such as thin-film lithium niobate (TFLN), are continuously being 
developed. However, there is a fundamental trade-off between achieving excellent passive photonic integration 
performance with low insertion loss and realizing highly efficient active optoelectronic functions, including light emission, 
modulation, and detection. Heterogeneous integration technology represents the cutting-edge research frontier for 
addressing this challenge. 
 
Key Problems 
Heterogeneous integration must overcome the following key problems. 
1. Material compatibility. Different materials have different physical and chemical properties that can cause serious 

problems in the fabrication and application of heterogeneous PICs. For example, difference in thermal expansion 
coefficient can cause stress that results in failure.  

2. Optical coupling. As light must be transferred between the heterogeneously integrated active components and the 
passive waveguides, high efficiency optical coupling is critical. Yet the high difference between the optical refractive 
indices of the active and passive waveguides can impede optical coupling, often requiring complicated mode 
converters that occupy large chip area. 

3. Process compatibility. Silicon PICs are fabricated in highly controlled CMOS fabrication lines where incompatible 
chemicals are strictly banned. The integration or consolidation of difference fabrication processes, including the 
sequence of fabrication (whether the heterogeneous integration is a front-end or back-end process to the silicon 
fabrication) as well as thermal load (the maximum process temperature allowed during subsequent processing steps 
that does not adversely affect prefabricated components), is a seriously complicate problem. 
 

 
Technical Approaches 
Several approaches are being developed, including: 
1. Hybrid integration of prefabricated optoelectronic components (in particular semiconductor lasers and detectors) on 

silicon photonics or other PIC platforms. This approach has the advantage of using ‘known good dies’ (KNDs) that are 
pretested with known good performance and reliability. It also leverages existing optoelectronic components industry’s 
mature fabrication capacity, requiring only modest capital equipment investment. On the other hand, it suffers from 
sub-micron high precision requirements in the hybrid integration process, typically by way of flip-chip bonding with 
pick&place (P&P)  equipment, which results in slow alignment and low productivity. 

2. Transfer printing. This approach also uses prefabricated optoelectronic components. But instead of individual P&P, it 
collectively pick up multiple components (known as coupons) in a formation that fits their final position on the PIC 
using a PMDS stamp, and place these on the PIC. The coupons attach to the PIC by van der Waals force or by a 
adhesive polymer such as BCB. Compared to hybrid integration, it improves productivity while retain the advantages 
of using KNDs, leveraging existing optoelectronic components industry’s mature fabrication capacity and requiring 
only modest capital equipment investment. However, so far there is yet to be sufficient evidence of good yield, and 
the use of polymer can cause concerns in both lifetime and thermal performance. 

3. Die-to-wafer bonding. This approach is typically implemented through collective die-to-wafer bonding (D2W), although 
can be implemented by individual D2W. In collective D2W, optoelectronic materials such as InP or GaAs epi-wafers, 
thin film lithium niobate (TFLN) wafers, etc, are first diced into suitably sized dies. These dies are then temporarily 
bonded onto a carrier wafer using a relatively low precision (several micron) P&P equipment to constitute a 
restructured wafer.  After cleaning and surface activation, the restructured wafer as a whole is bonded with the silicon 
photonics (or other PIC) target wafer. The temporary carrier wafer is then removed, leaving the dies attached to the 
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target wafer. The substrate of the dies is then removed leaving only the active film. Active components are 
subsequently fabricated in the active film using precise lithography to achieve high alignment precision. D2W is a 
wafer-scale approach with high productivity by which successful commercial products have been developed. As this 
approach requires relatively high capital investment, the key to its success is to achieve high yield through rigorous 
process control in high volume procution. 

4. Heterogeneous epitaxy. Epitaxially grow compound semiconductors (InP, GaAs) on silicon is a wafer scale process 
that can be potentially very efficient and high yield. The key to heterogeneous epitaxy is how to eliminate defects 
caused by lattice mismatch and anti-phase boundary (APB). In blanket epitaxy, thick buffer layers are needed to transit 
from Si to high-quality III-V single crystal layers, which impedes optical coupling between active components and Si 
waveguides. Various selective area growth techniques have been developed. By growth in narrow vertical or horizontal 
trenches, it is possible to confine detects to a very thin layer (~100 nm) near the material boundary, with high-quality 
III-V structures successfully grown further away. High performance laser and detectors have been demonstrated. This 
approach holds good potentials for high-density integration. Process integration with the silicon photonics fabrication 
flow will be key to its future development. 

 
Conclusions 
Heterogeneous integration of active optoelectronic materials and components is being developed following several 
approaches. It is a rapidly developing area that will shape the future of photonic integrated circuits and the wider optical 
information technology. 
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Abstract Semiconductor quantum-dot light sources are emerging as key enablers of integrated photonics, offering 
unique advantages for silicon photonics, optical frequency combs, high-capacity optical interconnects, and quantum 
technologies. Their low-noise operation, broad gain spectrum, excellent feedback tolerance, and compatibility with 
silicon integration make them attractive candidates for both classical and quantum photonic systems. These 
exceptional properties pave the way toward scalable, energy-efficient photonic integrated circuits supporting next- 
generation optical communications, artificial intelligence, and quantum information processing.  

Introduction
Semiconductor quantum dots (QDs) are enabling light sources for both next-generation classical optical 
communications and emerging quantum technologies. By combining the unique physical properties of QDs with the 
maturity and scalability of silicon photonics, the authors argue that QD-based devices are ideally positioned to meet 
the rapidly increasing demands of artificial intelligence, high-performance computing, optical interconnects, and 
quantum information processing [1]. Among the various semiconductor gain materials, InAs QDs offer unique 
advantages over conventional quantum well lasers. Their three-dimensional carrier confinement results in discrete 
energy levels, leading to low threshold currents, reduced temperature sensitivity, high optical gain, fast carrier 
dynamics, low relative intensity noise, enhanced nonlinear optical properties, and exceptional tolerance to optical 
feedback [2]. These characteristics make QD lasers attractive candidates for replacing conventional semiconductor 
lasers in integrated photonic systems. Furthermore, their broad gain spectrum, arising from inhomogeneous 
broadening, enables efficient multi-wavelength emission and frequency comb generation [3].  

Integration and Silicon Photonics 
The integration of QD lasers with silicon photonics represents one of the major technological opportunities. Silicon 
provides an outstanding platform for photonic integrated circuits due to its compatibility with CMOS manufacturing 
and its ability to support extremely dense photonic integration [1]. Since silicon cannot efficiently generate light 
because of its indirect bandgap, integrating III-V light sources remains essential. Two principal approaches are 
currently pursued: heterogeneous integration, where III-V epitaxial layers are bonded onto silicon wafers, and 
monolithic integration, where QDs are grown directly on silicon. Considerable progress has been achieved in both 
approaches, making QD lasers increasingly attractive for large-scale industrial deployment [3].  
Another major focus concerns optical frequency combs (OFCs) generated by QD lasers. Compared with Fabry–Perot 
lasers or quantum well comb lasers, QD comb sources provide equally spaced optical modes, broader and flatter 
optical spectra, lower intensity noise, and excellent stability under optical feedback. Their fast carrier dynamics, high 
nonlinear susceptibility, and broad gain bandwidth enable efficient passive mode locking and the generation of stable 
combs suitable for coherent optical communications. Recent heterogeneous and monolithic QD-on-silicon comb 
lasers have demonstrated mode spacings around 60 GHz together with excellent spectral quality and strong 
robustness against on-chip reflections. These frequency comb sources naturally enable highly integrated DWDM 
communication systems. Instead of using large arrays of individual lasers, a single QD comb laser can 
simultaneously provide many wavelength channels, dramatically reducing footprint, power consumption, and system 
complexity. Recent demonstrations have achieved coherent transmission using 26 comb lines over 10 km of standard 
fiber, reaching an aggregate data rate exceeding 1 Tb/s using only two QD comb lasers operating respectively as 
transmitter and local oscillator. Such performances clearly demonstrate the potential of QD-based comb sources for 
future optical interconnects in AI clusters and data centers [4].  

Quantum technologies 
Semiconductor QDs behave as artificial atoms capable of generating deterministic single photons and entangled 
photon pairs, two essential resources for quantum communication, quantum computing, and quantum sensing. 
Beyond single-photon sources, they also constitute a promising platform for the generation of non-classical states of 
light. Strong exciton–photon interactions in quantum-dot microcavities, together with the large optical nonlinearities  
offered by QD materials, provide favorable conditions for the generation of quadrature-squeezed states [5]. At the 
device level, QD lasers also exhibit exceptionally low relative intensity noise, small linewidth enhancement factors, 
and excellent coherence, making them attractive candidates for integrated squeezed-light sources [6]. Recent 
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target wafer. The substrate of the dies is then removed leaving only the active film. Active components are 
subsequently fabricated in the active film using precise lithography to achieve high alignment precision. D2W is a 
wafer-scale approach with high productivity by which successful commercial products have been developed. As this 
approach requires relatively high capital investment, the key to its success is to achieve high yield through rigorous 
process control in high volume procution. 
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Conclusions 
Heterogeneous integration of active optoelectronic materials and components is being developed following several 
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information technology. 
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nonlinear susceptibility, and broad gain bandwidth enable efficient passive mode locking and the generation of stable 
combs suitable for coherent optical communications. Recent heterogeneous and monolithic QD-on-silicon comb 
lasers have demonstrated mode spacings around 60 GHz together with excellent spectral quality and strong 
robustness against on-chip reflections. These frequency comb sources naturally enable highly integrated DWDM 
communication systems. Instead of using large arrays of individual lasers, a single QD comb laser can 
simultaneously provide many wavelength channels, dramatically reducing footprint, power consumption, and system 
complexity. Recent demonstrations have achieved coherent transmission using 26 comb lines over 10 km of standard 
fiber, reaching an aggregate data rate exceeding 1 Tb/s using only two QD comb lasers operating respectively as 
transmitter and local oscillator. Such performances clearly demonstrate the potential of QD-based comb sources for 
future optical interconnects in AI clusters and data centers [4].  

Quantum technologies 
Semiconductor QDs behave as artificial atoms capable of generating deterministic single photons and entangled 
photon pairs, two essential resources for quantum communication, quantum computing, and quantum sensing. 
Beyond single-photon sources, they also constitute a promising platform for the generation of non-classical states of 
light. Strong exciton–photon interactions in quantum-dot microcavities, together with the large optical nonlinearities  
offered by QD materials, provide favorable conditions for the generation of quadrature-squeezed states [5]. At the 
device level, QD lasers also exhibit exceptionally low relative intensity noise, small linewidth enhancement factors, 
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experiments have demonstrated broadband amplitude squeezing from electrically driven quantum-dot lasers 
operating at room temperature, highlighting their potential for practical implementations.  
The combination of QD active devices with silicon photonics opens new opportunities for compact and scalable 
quantum integrated circuits capable of generating, manipulating, and distributing non-classical states of light. Such 
integrated platforms are expected to play an important role in continuous-variable quantum information processing, 
quantum key distribution, quantum sensing, and future fault-tolerant quantum photonic systems.  

 
 
 
 
 
 
 
 
 
 
 
   

Fig. 1 Example of a coherent DWDM transceiver 
architecture enabled by QD frequency-comb light  
 sources, illustrating the potential of QD comb 
lasers for massively parallel optical interconnects.  

Fig. 2 (a) Microcavity containing an inhomogeneously 
broadened QD ensemble that is incoherently pumped and driven 
by a coherent seed to produce squeezed light. (b) A  
 subset of emitters couples to the cavity mode.  

Conclusions  
QDs can be considered as a unifying technology bridging classical and quantum photonics. Their combination of low- 
noise operation, high stability, frequency-comb capability, compatibility with silicon integration, and ability to generate 
non-classical states of light makes them uniquely suited for future optical computing, high-capacity communications, 
and quantum information systems. Continued advances in QD epitaxy, device engineering, silicon integration, and 
photonic circuit design are expected to make QD technologies central components of next-generation information and 
communication infrastructures. Beyond their established role as high-performance semiconductor light sources, 
quantum dots are emerging as a unique technology capable of bridging classical optical communications and 
quantum information processing on a common integrated photonic platform.  
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experiments have demonstrated broadband amplitude squeezing from electrically driven quantum-dot lasers 
operating at room temperature, highlighting their potential for practical implementations.  
The combination of QD active devices with silicon photonics opens new opportunities for compact and scalable 
quantum integrated circuits capable of generating, manipulating, and distributing non-classical states of light. Such 
integrated platforms are expected to play an important role in continuous-variable quantum information processing, 
quantum key distribution, quantum sensing, and future fault-tolerant quantum photonic systems.  
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non-classical states of light makes them uniquely suited for future optical computing, high-capacity communications, 
and quantum information systems. Continued advances in QD epitaxy, device engineering, silicon integration, and 
photonic circuit design are expected to make QD technologies central components of next-generation information and 
communication infrastructures. Beyond their established role as high-performance semiconductor light sources, 
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quantum information processing on a common integrated photonic platform.  

References 
1. J. C. Norman, D. Jung, Y. Wan, and J. E. Bowers, "Perspective: The future of quantum dot photonic integrated 

circuits," APL Photonics, 3, 030901 (2018).  
2. D. Jung, Z. Zhang, J. C. Norman, et al., "Recent advances in InAs quantum dot lasers grown on on-axis Si 

(001)," APL Photonics, 5, 040901 (2020). 
3. H. Huang, O. Alkhazrag, D. Liang, and F. Grillot, "Future roles of solid-state quantum dot light sources," Applied 

Physics Letters, vol. 126, 080501, 2025.  
4. D. Jung, C. Shang, B. Shi, et al., "High-capacity coherent optical communications using quantum-dot frequency 

comb lasers," Nature Photonics (2024).  
5. S. D. Patel, S. Doan, C. Shang, F. Grillot, F. Jahnke, J. E. Bowers, G. Moody, and W. W. Chow, "Microscopic 

theory of squeezed light in quantum-dot systems," Physical Review A 113, 013712 (2026).  
6. S. Zhao, F. Grillot, et al., "Broadband room-temperature amplitude squeezing from an electrically driven 

quantum-dot laser," Nature Photonics (2025).  
Acknowledgments: The authors acknowledge the financial support of the Institut Mines-Télécom.

 
Frédéric Grillot is currently a Full Professor at Universite Laval (Canada) and 
Télécom Paris (France). His research interests include, but are not limited to, 
quantum confined devices using III-V compound semiconductors, quantum dots 
quantum dashes, light-emitters based on intersubband transitions, non-classical light, 
nonlinear dynamics and optical chaos in semiconductor lasers systems as well as 
microwave and silicon photonics applications. Frédéric Grillot is also a Fellow Member 
of the SPIE as well as a Senior Member of Optica and the IEEE Photonics Society. In 
2022, he received the IEEE Photonics Society Distinguished Lecturer Award which 
honors excellent speakers who have made technical, industrial or entrepreneurial 
contributions to the field of photonics.  

A metasurface waveguide for full-color AR displays 

Xiao Wei Sun 

Institute of Nanoscience and Applications, and Department of Electrical and Electronic Engineering, Southern University 
of Science and Technology, Shenzhen, China 

Electronic mail: sunxw@sustech.edu.cn 

Abstract : We report a novel full-color metasurface waveguide AR display combined with two inverse-designed 
metasurface couplers and a high refractive index glass waveguide. The metasurface waveguide optimizes compactness, 
dispersion correction, both color and angular uniformity to meet the high demands of AR applications. We built a proof-of-
concept AR system, showing high quality full-color AR images. This represents a significant advancement in creating 
visually compelling AR experiences in compact and user-friendly AR glasses.  

 

 
Dr. Xiao Wei Sun, Foreign Member of Russian Academy of Sciences, is a Chair Professor and the 
Executive Dean of the Institute of Nanoscience and Applications in the Southern University of 
Science and Technology (SUSTech), Shenzhen, China. He holds the honorary doctorate (PhD) 
degree from the Belarusian State University of Informatics and Radioelectronics. He is the founding 
Head of the Department of Electrical and Electronic Engineering of SUSTech. Before joining 
Southern University of Science and Technology, he had been working at Nanyang Technological 
University, Singapore as a Full Professor. He was awarded the Nanyang Award for Research and 
Innovation in 2009, and the Jacques Beaulieu Excellence Research Chair of INRS (Institut national 
de la recherchescientifique), Quebec, Canada in 2013. He was awarded the Slottow-Owaki Prize 

from the Society for Information Display (SID) in 2023, and SPIE Fumio Okano Best Paper Award in 2024. He is an 
Academician of the Asia-Pacific Academy of Materials, and fellow of several academic societies including IEEE, Optica 
(formerly OSA), SPIE, SID and Institute of Physics (IoP, UK). He is a Distinguished Lecturer of IEEE Nanotechnology 
Council and Chair of the IEEE Nanotechnology Council Guangdong Chapter. His main research is on wide bandgap 
semiconductors, semiconducting nanocrystals, ARVR, and display technologies. He is the founder of a quantum dot 
company Planck Innovation Pte. Ltd. in Shenzhen, which is now a key supplier of quantum dot films to some big brand 
TV manufacturers globally. He is also the co-founder of Moxwell Tech Pte. Ltd. which supplies AR metasurface 
waveguides. Professor Sun has authored over 600 peer-reviewed journal publications, and delivered numerous invited 
talks. His H-index is 106 (Google Scholar). He is an Elsevier Highly Cited Scholar. 

 

 
 



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

100

Industry Forum

Quantum Dot Lasers and SOAs for Modern Datacom and Optical 
Ranging 

 
Alexey Gubenko (1), Alexey Kovsh (2) 

1: Innolume GmbH, Konrad-Adenauer-Allee 11, 44263 Dortmund, Germany; alexey.gubenko@innolume.com 
2: Alfalume Inc., 135 Indian Trail Rd, Los Gatos, CA 95033, USA; alexey.kovsh@alfalume.com 

 
Abstract AI-driven growth in computing is accelerating data center deployment and demand for optical interconnects. 
InGaAs/GaAs quantum dot lasers and SOAs, combined with silicon photonics, provide a cost- and energy-efficient 
solution for this rapidly expanding market. 

 
Introduction 
Computing demand has been growing exponentially in recent years and is expected to nearly triple between 2025 and 
2030. This growth is driven primarily by the AI training boom, although traditional computing applications continue to 
account for a significant share of the demand. In response, the industry has made unprecedented investments in the 
construction of new data centres, with cumulative spending projected to reach USD 7 trillion by 2030 [1]. AI training 
clusters now comprise tens to hundreds of thousands of GPUs and TPUs (graphics and tensor processing units), which 
must be interconnected by ultra-high-bandwidth networks. The demand for optical interconnect bandwidth is increasing 
faster than the number of AI accelerators, driving the transition to higher-speed optical links and silicon photonics. The 
adoption of 800G, 1.6T, and 3.2T optical links, together with co-packaged optics and photonic integration, is considered 
essential for future AI infrastructure. Further scaling to clusters comprising up to one million GPUs is projected [2], 
requiring another major leap in optical scalability. The technology platform developed for optical interconnects in AI data 
centres can also be leveraged for other high-volume commercial applications, including FMCW LiDAR for automotive 
and robotics [3,4]. The large-scale deployment of data-centre photonics is expected to reduce manufacturing costs, 
accelerate technology maturation, and facilitate the adoption of these technologies in emerging markets. 
 
QD lasers 
The light sources currently used for optical interconnects in data centres are III–V semiconductor lasers, primarily 
VCSELs and InP-based DFB lasers, employing four-level pulse-amplitude modulation (PAM-4). Both types of lasers can 
be directly modulated by the injection current (directly modulated lasers, DMLs) and capable of operating up to 100G per 
lane. To further increase the per-lane data rate, an electro-absorption modulator (EAM) is monolithically integrated with 
an InP-based DFB laser, forming an externally modulated laser (EML). Alternatively, an external silicon photonic or other 
type of modulator are employed. In the latter approach, InGaAs/GaAs quantum dot lasers can successfully compete with 
conventional InP lasers owing to their unique advantages arising from both the three-dimensional carrier confinement 
and the material system itself. O-band InGaAs/GaAs quantum dot Fabry-Perot and DFB lasers can deliver optical output 
powers ranging from tens to hundreds milliwatts over a wide temperature range while exhibiting only a small variation in 
output power (Fig. 1). The power conversion efficiency exceeds 20% at the temperatures above 100 °C [5].  
 

  

Fig. 1 Power of 1310nm QD DFB laser for pluggable TRx  
 

Fig. 2 Output power spectra of QD SOA for LiDAR  
 

 
Another important feature of quantum dot lasers is their low linewidth enhancement factor (α-factor), which can be close 
to unity or even lower. This is a direct consequence of the intrinsically symmetric optical gain spectrum of quantum dots, 
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Another important feature of quantum dot lasers is their low linewidth enhancement factor (α-factor), which can be close 
to unity or even lower. This is a direct consequence of the intrinsically symmetric optical gain spectrum of quantum dots, 

resulting in reduced phase noise and narrow optical line [6] that is useful for LiDARs and coherent data transmission, as 
well as significantly lower sensitivity to parasitic optical feedback compared with conventional quantum well lasers. As a 
result, the bit error rate (BER) remains essentially unaffected by parasitic reflections, enabling the use of quantum dot 
lasers in transceiver modules without optical isolators. This capability has been demonstrated in 1.6T pluggable 
transceiver modules by Genuine Optics and Accelink at OFC 2025, and in WDM transceiver modules by Aperion 
Technologies at OFC 2026. Moreover, this enables the integration of laser to Si Photonic chip by using butt coupling not 
being affected by parasitic reflection from interface and the internal optical components.  
Today, most optical interconnects use a single wavelength per optical channel. Further scaling of link capacity can be 
achieved through wavelength-division multiplexing (WDM). Quantum dot mode-locked comb lasers provide an attractive 
multi-wavelength light source for WDM optical interconnects, replacing arrays of individual DFB lasers with a single 
compact device. A 24-channel flat-top comb with 100 GHz channel spacing has been demonstrated, supporting 106 
Gb/s PAM4 transmission per channel and enabling aggregate data rates exceeding 2.4 Tb/s [7]. 
 
QD SOAs 
Quantum dot semiconductor optical amplifiers (QD SOAs) complement quantum dot lasers by providing high output 
power and efficient uncooled operation in the O-band. Output powers exceeding 1 W have been demonstrated in the 
deep saturation regime [8] for LiDAR applications (Fig. 2). In the low-signal linear regime, QD SOAs exhibit superior 
performance in the amplification of modulated optical signals compared with conventional quantum well SOAs, owing to 
rapid carrier replenishment from the excited states. Their impact on transmission performance has been quantitatively 
analysed through bit-error-rate (BER) modelling and experimental investigations, demonstrating the feasibility of SOA-
assisted WDM links without significant transmission penalties [9]. Together with quantum dot comb lasers, they enable 
compact multi-wavelength transmitter architectures supporting terabit-class DWDM optical interconnects [10]. 
 
Conclusions 
InGaAs/GaAs quantum dot lasers and amplifiers offer several advantages that make them promising light sources for 
optical interconnects. Their key advantages include excellent temperature stability, enabling uncooled operation; low 
sensitivity to parasitic optical feedback, facilitating integration with silicon photonic circuits, and high reliability resulting 
from three-dimensional carrier confinement. Combined with silicon photonics, they provide a powerful platform for the 
next generation of optical interconnects for AI data centres and emerging applications. 
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Abstract Augmented reality glasses are an emerging market. Surface relief grating waveguides are key components 

enabling lightweight virtual real image combining. Scaling production to 10 million units annually leverages modern 

nanofabrication processes with high precision throughput. 
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Abstract To scale XPU clusters for AI workloads, optical interconnects will replace copper to breach 

bandwidth limitations. This presentation introduces lane speeds evolving from 100G to 200G and 400G 

through the continuous performance optimization of VCSEL, EML, SiP, and TFLN technologies. 

Moreover, NPO will replace pluggable modules as a pragmatic solution to support higher-density 

integration requirements, while CPO remains the long-term target after solving many technical and 

engineering challenges. These continuously evolving optical technologies will effectively support the high-

density, large-capacity optical interconnects required for skyrocketing AI growth. 
 
 
 
 
 
 
 
 
 

 Dr. Pan Cao received his Ph.D. from Shanghai Jiao Tong University and has nearly 20 
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work spans the industry’s generational shifts: including lane speeds from 100G/lane to future 400G/lane, 
form-factor transitions from traditional pluggable to NPO/CPO solutions, and module bandwidth scaling 

from 800G up to future 3.2T/6.4T+. Dr. Cao has delivered about 10 oral presentations at international 

conferences, authored 30+ papers in peer-reviewed journals and proceedings, and held over 20 active 
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Abstract: 

Laser-based power transmission technologies encompass free-space laser wireless power 
transmission (LWPT), power-over-fiber (PoF), and simultaneous wireless information and power 
transfer (SWIPT). LWPT enables long-range power delivery to unmanned aerial vehicles, remote 
platforms, satellites, and lunar exploration equipment; PoF is particularly suitable for sensors and 
electronic devices operating in high-voltage, explosion-hazardous, or electromagnetically sensitive 
environments; and SWIPT allows networked terminals to receive power and data through a shared 
optical link. However, the practical deployment of these technologies requires high-power, high-
brightness transmitters and efficient receivers capable of scalable electrical output. This work 
presents an integrated transmitter–receiver architecture based on semiconductor lasers and 
wavelength-matched laser power converters (LPCs). At the transmitter, the epitaxial structure, 
carrier confinement, electrical resistance, temperature distribution, beam quality, packaging, and 
fiber-coupling efficiency were jointly optimized. At the receiver, monolithically series-connected 
vertical multijunction LPCs were developed to overcome the low output voltage and high current-
related losses of conventional single-junction devices. By optimizing epitaxial uniformity, tunnel 
junctions, metamorphic buffers, subcell current matching, and optical absorption, device-level 
conversion efficiencies approaching 60% and kilowatt-level receiver-array output were achieved. 
The LPCs operate at 808 nm using GaAs-based structures, at 1064 nm using GaAs- and InP-based 
structures, and at 1310 and 1550 nm using InP-based structures. This wavelength coverage supports 
both free-space and fiber-based power transmission while enabling the simultaneous delivery of 
optical power and information. 
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Abstract We demonstrated on-chip spectral imaging and in-sensor computing using freeform metasurfaces for diverse 

applications. 

 

 

Introduction  

Conventional spectral analysis techniques, which rely on traditional prism dispersion, grating diffraction, or Fourier 

transform principles, suffer from complex structures, large volumes, high costs, and the need for spatial or temporal 

scanning to obtain spectral information from different points in space.  

In this work, we demonstrated an on-chip spectral imaging and in-sensor computing approach using metasurfaces 

composed of freeform-shaped meta-atoms. These meta-atoms are generated by an algorithm that enables controllable 

feature size and boundary curvature. Our results indicate that the proposed device holds promise for various applications, 

including medical diagnostics, precision agriculture, food quality inspection, and object detection. 

Moreover, spectral imaging chip technology is rapidly evolving, with ongoing developments in spectral encoding, 

multidimensional light field computation and AI-driven reconstruction algorithms. Future advancements may include 

extending spectral bands into the infrared and ultraviolet ranges and exploring interdisciplinary applications. A promising 

direction for this technology is the development of in-sensor computing chips that are tailored for complex visual tasks. In 

the AI era, these chips could become fundamental modules for AI systems, enabling devices such as smartphones, 

robots and drones to perform advanced spectral sensing and computing tasks. With CIS as the most integrated 

optoelectronic detector array available, every pixel in a high-resolution camera could both sense and compute, opening 

the door to a new era of neural network chips with matter meta-imaging. 

 

Fig.1 Spectral imaging chip and applications of in-sensor computing 
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Conclusions 
We demonstrate an on‑chip spectral imaging and in‑sensor computing approach using algorithm‑generated freeform 

metasurfaces, offering a compact, low‑cost alternative to conventional spectrometry for medical, agricultural, and 

industrial applications. 
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Abstract There will be presented the current status of developments of defect-free, zinc blende InAsP quantum dots in 

InP nanowires in view of their precise properties control and application potential in nanophotonics and quantum 

technologies. 

 

Semiconductor quantum dots (QDs) is one of the most promising systems for development of devices in scalable 

technology which are able to outperform any of the existing solutions in various quantum technology applications for fiber-

based quantum communication, quantum photonic integrated circuits, and photonic quantum information processing. It 

concerns especially near infrared sources of single photons [1] with record low multiphoton events probabilities [2], 

including the telecom range and on demand generation [3], and demonstrating simultaneously high photons’ 

indistinguishability [4], but also in  sources of entangled photon pairs [5] or cluster states generation [6]. 

 

One of the explored systems are QDs inside nanowires (NWs) formed epitaxially using the vapor−liquid−solid (VLS) growth 

mode. They have significant advantages over other QD-like materials concerning in particular precise control of the QD 

dimensions and spatial positioning (independently in the horizontal and vertical directions), NWs density, composition and 

even the material crystal phase [7]. Relaxation of the elastic strain in such systems allows combining highly lattice-

mismatched materials and hence form waveguiding structures to tailor the light extraction efficiency. 

 

Here, we report on the electronic and optical properties of such QD-NWs made of InAsxP1-x in InP by VLS in chemical 

beam epitaxy on Fe-doped InP(100) substrates. In the case of growth along the <100> direction, formation of defect-free 

zincblende wires occurs at larger catalyst gold nanoparticle diameters compared to more common and mature wurtzite 

counterparts [8], offering the in-plane QD size control in a broader range. Bright emission from such single QD-NWs of 

different sizes and composition could be obtained, tunable in a broad spectral range from below 1.1 to almost 1.6 µm [9], 

i.e. covering also the application-relevant second and third telecommunication bands. The spectral characteristics including 

the carrier dynamics have been compared to the results of band structure calculation in the 8-band k·p model for single 

particle states, combined with configuration interaction method to derive the energies of various excitonic complexes and 

conclude on their sensitivity to QD morphology, strain and composition. The model has been fed with structural parameters 

taken from transmission electron microscopy. Eventually, by tuning the growth parameters to balance between the axial 

and radial growth, we demonstrated the possibility to realize NW waveguides exhibiting enhanced extraction efficiency of 

photons emitted from the QDs by one order of magnitude [10] without a need of any pre-growth substrate patterning, nor 

selective-area epitaxy. Finite-difference time-domain simulations have been employed to design the optimal NW shape 

and InP shell thickness and confronted with the NW morphology observed experimentally by scanning and transmission 

electron microscopy and with the spectroscopic data.  
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Abstract We present a novel device based on a semicoductor quantum dot embedded in a photonic microcavity, which 
deterministically generate at gigahertz rate, strings of indistinguishable single photons in a Greenberger-Horn-Zeilinger 
(GHZ) multiphoton entangled state with entanglement length surpassing a dozen photons, providing valuable resources 
for quantum communication and computing. 
 
Introduction 
Quantum technologies witness rapid contemporary developments transforming from abstract scientific ideas and 
fundamental proof of principle demonstrations into systems of sufficient quality, enabling real applications in quantum 
information processing. Photonic quantum technologies, in particular, are playing pivotal role in these developments, 
since photons are quite robust, easy to detect, control and measure and thus to be used as flying quantum bits for 
carrying quantum information and distributing entanglement. The efforts invested in developing photonics-based 
quantum technologies stem from the maturity of the relevant classical technologies. Most relevant is the conceptual proof 
that a heralded quantum light source of only 3 entangled photons is sufficient for building a large-scale quantum 
computer using otherwise classical optical elements [1]. 
 
The quantum knitting machine with spin echo. 
We present a novel device which deterministically generate at above a GHz rate, strings of entangled and 
indistinguishable single photons with entanglement length exceeding dozen photons. Our device is based on a 
semiconductor quantum dot embedded in an optical microcavity. The QD confines a heavy hole, precessing in a very 
weak, externally applied magnetic field in Voigt configuration [2-3]. The hole is resonantly excited periodically at an 
optimized rate of about 1.5 GHz, deterministically emitting a long string of single photons in a robust Greenberger- Horn-
Zeilinger (GHZ) multi qubit entangled state [4]. 
The novelty in the device is in its natural spin echo, provided by the opposite precession-directions of the electron in the 
excited state before the photon emission and the hole in the ground state after the emission. The magnetic field 
independent optimized excitation rate is tuned to exactly nullify the acquired phase during both spin precessions. This 
high-rate and robust quantum light source of more than a dozen of entangled photons.  
 
Conclusions 
Our demonstration of this novel device concept, significantly reduces the overhead requirements for photonic 
measurement-based quantum computation [5] and communication [6], thereby bringing advanced photonic quantum 
technologies, closer to reality 
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Abstract In this prestation, photonic integrated circuits on Si-platform for photonic-electronic convergence, focusing 
on two topics; heterogeneous material integration of III-V and functional materials and EDA-based modulator/driver 
co-design are reviewed. 

Introduction 
The rapid evolution of generative artificial intelligence is increasing demand for computing and communication 
infrastructure, and has made photonics-electronics convergence a highly visible technology topic. Photonics is not 
merely an interconnect supplement to electronics; it is becoming a core technology for scaling information systems. 
This summary reviews two enabling technologies for such convergence: heterogeneous materials integration as a 
fabrication methodology, and photonic-electronic co-design as a design methodology.  
Heterogeneous materials integration 
Silicon is an excellent platform because large-diameter wafers are available and high-resolution fabrication is well 
established. However, silicon alone cannot efficiently provide all required optical functions, such as optical gain or 
high-speed, low-voltage refractive-index modulation. Heterogeneous integration addresses this limitation by adding 
III-V semiconductors, electro-optic films, and other functional materials to the silicon platform.
Figure1 shows an example of one-chip transceiver toward multi-Tbps era. Using this technology, several functions 
such as a tunable laser with a tuning range of over 100 nm can be realized by integrating C- and L-band gain chip 
into a single optical circuit. While basic bonding processes have become mature, several issues still remain, including 
how to couple light between silicon waveguide and bonded films [1], and how to integrate multiple films at high 
density without losing process compatibility [2].
Photonic-electronic co-design 
Conventionally, optical and electronic components have been designed separately, with interface specifications 
agreed at the boundary; 50-ohm impedance matching is a typical example. If this boundary is removed and the entire 
function is optimized at once, the resulting photonic integrated circuit can be more efficient in terms of power, 
footprint, and bandwidth.  
For this purpose, electronic design automation (EDA) environments must treat optical devices as design objects in 
the same way as transistors and interconnects. When compact optical models and electrode layouts are incorporated 
into EDA, devices such as silicon modulators can be co-designed with electrodes and drivers to realize lower power 
consumption and higher-speed modulation [3]. Figure 2 shows a Si modulator with SiGe BiCMOS drivers. A clear eye 
opening can be achieved using the co-design method. This also opens the door to AI-assisted optimization methods 
that are already being adopted for large-scale electronic circuits [4]. 
References [1] J. Suzuki et al., Jpn. J. Appl. Phys., 57, 094101 (2018).
[2] T. Kikuchi et al., IEEE Silicon Photonics Conference, MB3 (2024).
[3] K. Kawahara and T. Baba, IEEE J. Microwaves, 5, 983 (2025).
[4] K. Kawahara et al., IEEE JSTQE, 32, 3400111 (2025).

Fig. 1  Concept of a multi-Tbps transceiver. Fig. 2  Si slow-light modulator co-packaged with SiGe BiCMOS 
drivers. 
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Abstract Integrated coherent silicon photonics enables unprecedented bandwidth density for future AI interconnects. 
Ultra-compact microring-based coherent transmitters achieve terabit-per-second data rates, multi-terabit-per-millimeter 
integration density, and scalable wavelength-multiplexed architectures toward petabit-class optical engines. 

 
Introduction 
As AI models continue to grow exponentially in computational complexity, optical interconnects have become a primary 
bottleneck for future computing systems. The continued scaling of AI clusters is driving demand for multi-terabit-per-
millimeter optical bandwidth density together with ultra-low energy consumption. 
 
Coherent optical communication provides an attractive solution by combining superior receiver sensitivity, higher spectral 
efficiency, longer reach, and compatibility with wavelength- and polarization-multiplexing [1]. While coherent transceivers 
have traditionally relied on millimetre-scale Mach-Zehnder modulators [2, 3], recent developments in silicon microring 
modulators have fundamentally changed the design space, enabling compact coherent transmitters with unprecedented 
integration density [4, 5]. 
  
Ultra-Compact Coherent Silicon Photonics 
Microring-assisted Mach-Zehnder modulators (MRA-MZMs) combine the compact footprint of resonant modulators with 
the linearity of Mach-Zehnder interferometers [4]. Operating the two microrings in a push-pull configuration suppresses 
dynamic frequency chirp while preserving high electro-optic bandwidth, enabling coherent modulation at symbol rates 
previously unattainable using conventional resonant devices. Recent demonstrations have achieved coherent 
transmission exceeding 1 Tb/s per wavelength over 80 km using standard silicon photonic platforms, with modulation 
energies approaching 10 fJ/bit [4]. More importantly, the extremely compact footprint increases the shoreline bandwidth 
density from hundreds of Gb/s/mm to approximately 5 Tb/s/mm, representing more than an order-of-magnitude 
improvement in integration density. 
 
For AI interconnects, O-band coherent optics offers additional advantages, including negligible chromatic dispersion, 
reduced digital signal processing complexity, and improved compatibility with existing data-center fiber infrastructure. 
Recent O-band MRA-MZM demonstrations achieved up to 400 Gb/s per wavelength and polarization with transmission 
over 7 km of standard single-mode fiber without chromatic-dispersion compensation [5]. 
 
Scaling Toward Petabit-Class Optical Engines 
Beyond individual modulators, scalable coherent transmitters require efficient multi-wavelength architectures. A 
promising solution combines quantum-dot mode-locked laser frequency combs with SiN flat-top DWDM interleavers that 
distribute optical carriers across multiple waveguide buses [6]. This architecture enables efficient scaling to large channel 
counts while remaining compatible with dense silicon integration. 
 
As a proof of concept, six comb lines carrying 100-GBaud QPSK signals achieved an aggregate net capacity exceeding 
1 Tb/s over 5 km of standard single-mode fiber. Single-channel operation demonstrated 400 Gb/s using 120-GBaud 16-
QAM while maintaining approximately 4 Tb/s/mm shoreline bandwidth density and only 10 fJ/bit modulation energy [6]. 
These results establish integrated coherent silicon photonics as a practical platform for compact optical engines targeting 
future co-packaged optics and resource-disaggregated computing systems. 
 
Outlook 
The next generation of AI infrastructure will require simultaneous scaling in bandwidth density, energy efficiency, and 
aggregate system capacity. Integrated coherent optics based on ultra-compact silicon modulators offers a compelling 
path forward by combining CMOS-compatible manufacturing, dense wavelength multiplexing, and advanced coherent 
modulation within an exceptionally small footprint. 
 
Future research will extend these concepts beyond wavelength multiplexing toward multidimensional optical fabrics 
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integrating polarization, space-division multiplexing, optical switching, and frequency-comb sources on a common silicon 
platform. Such architectures could enable coherent optical engines exceeding 10 Tb/s per fiber and ultimately support 
petabit-class optical fabrics for large-scale AI clusters.  
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Abstract This presentation highlights advances in fiber-optic low-coherence biophotonic imaging, emphasizing 
improved resolution, contrast, imaging depth, and basic and clinical applications, while identifying key technical and 
translation challenges relevant to photonics researchers. 

Introduction 

Low-coherence biophotonic imaging technologies have advanced rapidly over the past two decades. OCT is among 
the most prominent examples [1], with ophthalmic OCT representing a highly successful clinical translation of optical 
imaging. Because tissue penetration is limited, miniature fiber-optic probes are essential for extending OCT and related 
technologies to internal organs. 

Beyond spatial resolution, imaging contrast is probably more critical for revealing diagnostically useful tissue 
features. This presentation will review advances in imaging platforms and fiber-optic probes that improve resolution, 
contrast, and imaging depth, as well as recent progress in fiber-optic multiphoton microscopy if time permits. 

Miniature Fiber-Optic Probes for Enabling Internal Organ Imaging 

High-resolution optical imaging primarily relies on minimally scattered photons. Consequently, imaging depth in highly 
scattering tissues is generally limited to submillimeter-to-millimeter scales. Flexible fiber-optic probes are needed to 
overcome this limitation by providing access to internal organs through imaging needles, catheters, endoscopes, and 
other medical instruments. 

In OCT, lateral resolution is determined by the numerical aperture of the focusing optics, whereas axial resolution ∆𝑧𝑧
is governed by the coherence length of the light source and improves with broader spectral bandwidth and shorter 
center wavelength (i.e., ∆𝑧𝑧 = (2 ln 2 𝜆𝜆2

0)⁄(𝜋𝜋𝜋𝜋𝜋𝜋𝜋,  where 𝜆𝜆0  is the center wavelength and Δ𝜆𝜆  is the 3dB spectrum 
bandwidth). Compared with conventional 1300-nm OCT, operation near 800 nm can improve axial resolution by 
approximately 2.5-fold [2]. More importantly, stronger tissue scattering at 800 nm can enhance imaging contrast by 
approximately 2.5–3-fold [3], enabling visualization of subtle pathological changes associated with early-stage diseases 
[4]. 

Operating OCT at 800 nm introduces substantial optical-design challenges, particularly chromatic aberration in 
miniature probes. Although miniature compound lenses (i.e., micro objective lens) can provide achromatic performance, 
their complexity and cost prohibit widespread clinical use. More economical approaches include miniature diffractive 
optics and optimized combinations of lens geometry and optical materials. 

Fig. 1. Representative super-achromatic, ultrahigh-resolution 
fiber-optic OCT probes operating at 800 nm for imaging 
internal organs of varying sizes.
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Fig. 1. Representative super-achromatic, ultrahigh-resolution 
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Representative probes (as shown in Figure 1) with super-achromatic performance will be presented, ranging from 
approximately 0.5-mm-diameter imaging needle to 12-mm capsule probes for imaging luminal organs of different sizes 
[5-8]. 
 
Challenges and Opportunities 

Despite recent progress, several challenges remain. First, the bandwidth of fiber-optic interferometers, particularly fiber 
couplers, can limit the usable spectrum and therefore the achievable OCT resolution. Addressing this limitation offers 
a wonderful opportunity for collaboration between the biophotonics and fiber-optics communities. 

Second, imaging depth remains restricted by tissue scattering. Refractive-index matching can reduce scattering by 
decreasing microscopic index variations within tissue [9]. Recent studies have demonstrated that strongly absorbing 
dyes may produce broad refractive-index changes that enable temporary optical clearing without proportionally 
increasing absorption [10]. Although promising results have been reported in skin, effective dye delivery and 
preservation of intrinsic imaging contrast remain important challenges. 

Finally, clinical translation requires robust, manufacturable, and cost-effective probes; compatibility with existing clinical 
workflows; and rigorous validation of diagnostic value. 
 
Conclusions 

OCT near 800 nm can substantially improve imaging resolution and contrast compared with conventional 1300-nm 
systems. Combined with innovative miniature fiber-optic probes, these advances may enable earlier disease detection 
and expand high-resolution optical imaging to previously inaccessible internal organs.  
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Abstract We present high-speed miniaturized two-photon microscopes (2P miniscopes), with beam-multiplexing 
strategies or point-spread-function engineering. Using the 2P miniscopes, we imaged the neural activity in mouse 
cortex while the mice freely behaved in an open field. 
 
Introduction 
Miniaturized two-photon microscopes (2P miniscopes) are emerging transformative tools for studying neuronal 
activities in-vivo in freely-moving mice1–7. These devices have a distinct advantage over conventional benchtop 
microscopes by enabling the recording of mice brain activity in natural settings. This advancement opens new avenues 
for novel scientific explorations, such as investigating the neural mechanisms of ethologically pertinent behaviors 
including social interactions and navigation. However, a major limitation of 2P miniscopes lies in their relatively low 
imaging speed, a consequence of the point-by-point excitation beam raster scanning mechanism, which restricts the 
optical recording throughput that can be achieved. Here, we present high-speed 2P miniscopes, using strategies of 
beam-multiplexing or point-spread-function (PSF) engineering. Using our miniscopes, we performed in vivo volumetric 
calcium imaging and voltage imaging in mouse cortex while mice were free to behave in an open field. 
 

Beam-multiplexed 2P miniscopes 

The beam-multiplexed 2P miniscopes were developed based on the open-source MINI2P4 and extend its imaging 
speed and throughput. Instead of a single laser focus, we deliver two focal spots onto the brain tissue and scan them 
across two different field-of-views (FOVs) through the microelectromechanical systems (MEMS) mirror. We 
implemented two different multiplexing strategies—temporal (TM-MINI2P) and computational (CM-MINI2P) 
multiplexing8. Both schemes share the same optical layout of the miniaturized microscope but have distinct benchtop 
optics optimizing each method and unique demultiplexing methods. In TM-MINI2P, a temporal delay is introduced 
between the two pulse trains toward the two FOVs and time gating at data acquisition is used to separate the signal. 
In CM-MINI2P, no temporal offset is required between the two pulse trains. It leverages the temporal dynamics of the 
neuronal activity to separate the two FOVs that appear overlapped during acquisition. Prior to a dual-path multiplexed 
recording, the individual FOVs were recorded where the spatial footprints of the neurons in individual FOV were 
extracted. This information is then used to extract the temporal activity of neurons in the simultaneous two-path 
recordings9. 

With the beam-multiplexed 2P miniscopes, we demonstrated large-scale (500×500 μm2 FOV) multiplane calcium 
imaging in visual and prefrontal cortices of freely moving mice during spontaneous exploration, social behavior, and 
auditory stimulus. The increased speed of beam-multiplexed 2P miniscopes also enables 2P voltage imaging at 
400 Hz over a 380×150 μm2 FOV in freely moving mice (Fig. 1). 

Short-line scanning 2P miniscopes 
In short-line scanning 2P miniscopes, rather than illuminating the sample with a diffraction-limited spot, we shape the 
beam into a short line with 8 µm length along the slow-scanning-axis. The PSF is shaped into a short line along the 
slow-scanning-axis. This reduces the number of raster scanning rows to image each frame, and thus increases the 
imaging speed. The 8 µm length is smaller than the typical dimension of the cell body (10-15 µm), so we can maintain 
cellular resolution. We shape our beams through cylindrical lenses in two orthogonal directions. Using the short-line 
scanning 2P miniscopes, we performed fast volumetric calcium imaging in mouse secondary motor cortex over a 
volume of 500×500×300 µm3. Volumetric recordings enabled identification of neural populations tuned to different 
behavioral conditions such as movement, climbing, and grooming. 
 

Summary 
We have developed high-speed 2P miniscopes with two strategies: beam multiplexing and PSF engineering. Our 
miniscopes can perform fast population calcium imaging over a large brain volume and record voltage dynamics in 
freely moving mice. Our development broadens the application of miniaturized two-photon microscopes and provides 
a framework for further enhancement of their optical throughput. 
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Miniaturized two-photon microscopes (2P miniscopes) are emerging transformative tools for studying neuronal 
activities in-vivo in freely-moving mice1–7. These devices have a distinct advantage over conventional benchtop 
microscopes by enabling the recording of mice brain activity in natural settings. This advancement opens new avenues 
for novel scientific explorations, such as investigating the neural mechanisms of ethologically pertinent behaviors 
including social interactions and navigation. However, a major limitation of 2P miniscopes lies in their relatively low 
imaging speed, a consequence of the point-by-point excitation beam raster scanning mechanism, which restricts the 
optical recording throughput that can be achieved. Here, we present high-speed 2P miniscopes, using strategies of 
beam-multiplexing or point-spread-function (PSF) engineering. Using our miniscopes, we performed in vivo volumetric 
calcium imaging and voltage imaging in mouse cortex while mice were free to behave in an open field. 
 

Beam-multiplexed 2P miniscopes 

The beam-multiplexed 2P miniscopes were developed based on the open-source MINI2P4 and extend its imaging 
speed and throughput. Instead of a single laser focus, we deliver two focal spots onto the brain tissue and scan them 
across two different field-of-views (FOVs) through the microelectromechanical systems (MEMS) mirror. We 
implemented two different multiplexing strategies—temporal (TM-MINI2P) and computational (CM-MINI2P) 
multiplexing8. Both schemes share the same optical layout of the miniaturized microscope but have distinct benchtop 
optics optimizing each method and unique demultiplexing methods. In TM-MINI2P, a temporal delay is introduced 
between the two pulse trains toward the two FOVs and time gating at data acquisition is used to separate the signal. 
In CM-MINI2P, no temporal offset is required between the two pulse trains. It leverages the temporal dynamics of the 
neuronal activity to separate the two FOVs that appear overlapped during acquisition. Prior to a dual-path multiplexed 
recording, the individual FOVs were recorded where the spatial footprints of the neurons in individual FOV were 
extracted. This information is then used to extract the temporal activity of neurons in the simultaneous two-path 
recordings9. 

With the beam-multiplexed 2P miniscopes, we demonstrated large-scale (500×500 μm2 FOV) multiplane calcium 
imaging in visual and prefrontal cortices of freely moving mice during spontaneous exploration, social behavior, and 
auditory stimulus. The increased speed of beam-multiplexed 2P miniscopes also enables 2P voltage imaging at 
400 Hz over a 380×150 μm2 FOV in freely moving mice (Fig. 1). 

Short-line scanning 2P miniscopes 
In short-line scanning 2P miniscopes, rather than illuminating the sample with a diffraction-limited spot, we shape the 
beam into a short line with 8 µm length along the slow-scanning-axis. The PSF is shaped into a short line along the 
slow-scanning-axis. This reduces the number of raster scanning rows to image each frame, and thus increases the 
imaging speed. The 8 µm length is smaller than the typical dimension of the cell body (10-15 µm), so we can maintain 
cellular resolution. We shape our beams through cylindrical lenses in two orthogonal directions. Using the short-line 
scanning 2P miniscopes, we performed fast volumetric calcium imaging in mouse secondary motor cortex over a 
volume of 500×500×300 µm3. Volumetric recordings enabled identification of neural populations tuned to different 
behavioral conditions such as movement, climbing, and grooming. 
 

Summary 
We have developed high-speed 2P miniscopes with two strategies: beam multiplexing and PSF engineering. Our 
miniscopes can perform fast population calcium imaging over a large brain volume and record voltage dynamics in 
freely moving mice. Our development broadens the application of miniaturized two-photon microscopes and provides 
a framework for further enhancement of their optical throughput. 

 
Fig. 1. Overview of the beam-multiplexed 2P miniscopes8. Figure adapted from Ref. 8. 
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Abstract Photonics based technologies are attractive for point-of-care diagnostics in clinical settings due to their non-
invasive nature and rapid decision time. Here, we discuss the applications of UV, visible and Terahertz imaging in 
bacterial detection, pulse diagnosis and cancer margin detection. 

 
Introduction 
Currently, clinical diagnostics require bulky, expensive equipment and typically an invasive blood test or a biopsy. This 
challenge is especially compounded in wound care applications and cancer margin detection which require a biopsy of 
the tissue followed by detailed culture test/examination of stained tissue under a microscope. This process is laborious 
and time consuming. In contrast, photonics based technologies that use excitation of light at specific frequencies such as 
UV, visible and Terahertz for analysing the tissue are non-invasive and can give rapid decision within minutes to an hour. 
Here we discuss three applications of photonics technologies in wound care, cancer margin detection and integrative 
health assessment. 
 
Multi-spectral Autofluorescence for Bacterial Detection 
 
Detection of bacteria in wound care such as diabetic foot ulcer is very important for understanding the infection levels 
which directly contribute to delayed wound healing. Currently, tissue swabs are taken and sent to culture test which can 
take anywhere from 1-2 days. An alternative approach is to leverage innate markers present in the bacteria such as 
NAD(P)H and Flavins. These native markers fluoresce under UV illumination. By analysing the spectral response of the 
bacteria to various UV excitation wavelengths and using AI, bacteria can be detected along with their gram-type 
with >90% accuracy [1]. Based on this principle, we have developed a multi-spectral fluorescence imaging device, 
Illuminate, which is a FDA approved device that performs optical biopsy and can be used in point-of-care settings. 
 
 

 
 

Fig. 1 Bacterial detection device Illuminate which 
uses multi-spectral auto-fluorescence imaging. 

 

Fig. 2 Example of bacteria detected on the wounds using multi-
spectral imaging combined with AI. 

 
Cancer Margin Detection 
Breast, oral, head and neck cancers are increasing at a rapid pace and affecting millions of people world-wide. Detection 
of cancer in surgical settings require a tissue biopsy followed by staining and examination under a microscope. Recently, 
Terahertz imaging has emerged as an attractive technology for non-invasive cancer margin detection due to differential 
scattering and water absorption properties of cancerous tissues. Here, we demonstrate the results of a Terahertz probe 
for in-situ cancer margin detection [2]. 
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of cancer in surgical settings require a tissue biopsy followed by staining and examination under a microscope. Recently, 
Terahertz imaging has emerged as an attractive technology for non-invasive cancer margin detection due to differential 
scattering and water absorption properties of cancerous tissues. Here, we demonstrate the results of a Terahertz probe 
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Fig. 3 Terahertz imaging system for cancer margin detection. 
 

Fig. 4 Terahertz image of a cancer sample. 

 
Pulse Diagnostics for Integrative Health applications 
Pulse diagnostics is very important for understanding the cardiovascular health. Conventional PPG sensors utilizing 
multiple wavelengths typically measure heart rate and oxygen saturation. In ancient medicinal systems such as 
Traditional Chinese Medicine and Ayurveda, pulse diagnostics is used to understand deeper integrative health markers. 
Here, we show how full blood pulse waveforms collected from PPG sensors can be used to understand integrative health 
parameters. 
 
Conclusions 
Photonics based multi-spectral imaging technologies enable a wide range of clinical diagnostic applications ranging from 
optical biopsy to integrative health assessment. 
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Abstract This report presents our recent advances in photonic-electronic convergence, covering novel optoelectronic 
oscillators (OEOs), a fully programmable optical analog processor and photonic-electronic Ising machine, and high-speed 
integrated optical interconnect devices and system.  
 
Introduction 
As high-speed communication and computing systems demand higher bandwidth, lower latency, and improved energy 
efficiency, conventional electronics face fundamental limitations. Microwave photonics, optical computing, and integrated 
optoelectronics provide promising alternatives. This report highlights our recent progress in optoelectronic oscillators 
(OEOs), programmable optical analog processors, and high-speed optical interconnect chips for future high-performance 
systems. 
 
Optoelectronic Oscillator 
OEOs are microwave photonic feedback loops capable of generating ultra-low-phase-noise, high-frequency signals for 
radar, communication, and sensing applications. We have proposed several novel OEO architectures [1], including 
frequency-scanning Fourier domain mode-locked, parity-time symmetric, parametric, and broadband random OEOs, 
demonstrating strong signal generation capabilities. We further developed compact integrated OEOs [2], including all-
optical InP, hybrid-integrated, and coupled configurations with reduced footprint and enhanced performance. 

 
Fig. 1  Novel and integrated OEOs [1-2]. (a) Fourier domain mode-locked OEO, (b) parity-time symmetric OEO, (c) 

parametric OEO, (d) broadband random OEO,  and (e) chip-scale integrated OEOs. 
 
Optoelectronic Computing 
A photonic-electronic Ising machine based on parametric oscillation achieves a 1.5 h coherence time, 4096×4096 
connectivity, and 2-3 orders-of-magnitude speedup over von Neumann systems [3]. In addition, photonic intelligent 
computing chips were developed using WDM-assisted multimode interference to address scalability. A hybrid optical–
microwave multiplexing and wavelength-tunable weight-loading scheme enables 3D tensor convolution with 14× higher 
compute density than NVIDIA H100. An optoelectronic closed-loop CNN achieves 8-bit equivalent inference accuracy [4]. 

 
Fig. 2  Optoelectronic computing schemes [3-4]. (a) photonic-electronic Ising machine, (b) WDM–assisted multimode 

interference scheme, (c) hybrid optical–microwave multiplexing tensor processing scheme, and (d) high equivalent 
inference accuracy optoelectronic closed-loop optimized scheme. 

 
Optoelectronic Integration 
We developed high-performance silicon photonic building blocks and a PDK for a 12-inch silicon photonics platform, along 

with a universal end-to-end simulation model for efficient technology transfer. Photonic–electronic co-design enabled a 
monolithic optical interconnect OI/O chip with 256 Gb/s bandwidth and 2.85 pJ/bit energy efficiency [5], and a 3D-packaged 
receiver with 200 Gb/s per channel. A PZT electro-optic modulator with 66 pm/V efficiency and 70 GHz bandwidth was 
also demonstrated [6]. 

 
Fig. 3  Photonic-electronic co-Simulation system, monolithic OI/O chip and novel PZT platform [5-6]. 

 
Conclusions 

These results demonstrate the strong potential of photonic-electronic convergence to overcome the fundamental limits 
of conventional electronics, enabling scalable, high-speed, and energy-efficient computing and interconnect systems. The 
advances in OEOs, optical computing architectures, and integrated photonic devices collectively provide a viable pathway 
toward next-generation information processing platforms and large-scale deployment in future data centers and intelligent 
systems.. 
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Abstract Telecom-wavelength semiconductor quantum dots integrated with nanophotonic resonators enable efficient 
single-photon generation, photon indistinguishability, and spin-photon interfaces, providing scalable building blocks for 
fiber-based quantum networks and photonic cluster-state sources. 
 
Introduction  
As high-performance sources of single photons, epitaxial semiconductor quantum dots can be considered a semiconductor 
launchpad for quantum photonic technologies [1,2]. Their deterministic emission, compatibility with nanophotonic 
integration, and potential access to spin-photon interfaces make them particularly attractive for quantum communication, 
photonic quantum information processing, and distributed quantum networks. However, realizing sources of single or 
entangled photons with simultaneously high brightness, low multi-photon, indistinguishability, and scalability remains a 
central challenge, especially directly in the telecom C-band. 
Telecom quantum dots in circular Bragg gratings 
Here, we present an overview of recent developments in our group on III-V semiconductor quantum-dot single-photon 
sources grown by molecular beam epitaxy and integrated into nanophotonic resonators. By embedding InAs/InAlGaAs 
quantum dots into circular Bragg grating resonators, Purcell-enhanced single-photon emission with a Purcell factor of 
approximately 7 in the telecom C-band was achieved [3]. Low multi-photon emission probabilities and Hong-Ou-Mandel 
two-photon interference were demonstrated, establishing circular Bragg gratings as an efficient platform for telecom 
quantum-dot single-photon sources. 
Deterministic integration and polarization control 
For an unweighted mapping of the quantum-dot polarization state directly into the outcoupled photon polarization, a 
symmetric cavity and a well-positioned quantum dot are essential. In circular Bragg grating resonators, even a 
displacement of the emitter with respect to the cavity center of a few ten nanometers can strongly influence the polarization 
characteristics, because the symmetry of the coupled quantum-dot–cavity system is broken and the quantum dot couples 
differently to the degenerate fundamental resonator modes [4]. We therefore employ deterministic placement techniques 
also for telecom C-band quantum dots. 
Photon indistinguishability in the telecom C-band 
By further improving epitaxial growth and photonic design, telecom quantum-dot sources have recently reached 
substantially improved two-photon interference performance. In earlier devices, record two-photon interference visibilities 
of approximately 72% were obtained in the telecom C-band. More recently, deterministic InAs/InAlGaAs quantum dots 
integrated into circular Bragg grating resonators demonstrated raw two-photon interference visibilities up to (91.7 ± 0.2)% 
[5]. This represents an important step towards bringing telecom-wavelength quantum-dot sources into a performance 
regime relevant for entanglement swapping, quantum networking, and photonic quantum information processing. 
Spin-photon interfaces at telecom wavelengths 
Beyond single-photon generation, charged telecom quantum dots provide access to spin-photon interfaces. Recent work 
on InAs/InAlGaAs quantum dots integrated into deterministically placed circular Bragg gratings at 1.55 µm demonstrated 
optical access to a confined hole spin qubit. Polarization-resolved measurements of positively charged excitons allowed 
electron and hole g-factors to be extracted, and pulsed two-photon correlation measurements enabled heralding of the 
hole spin with an inhomogeneous dephasing time of T*2 = (15.9 ± 1.7) ns [6]. These results establish key ingredients for 
coupling stationary spin qubits to telecom photons without external frequency conversion. 
Photonic cluster-state generation in the telecom C-band 
Building on this spin-photon interface, we recently demonstrated the deterministic generation of a spin–photon–photon 
cluster state directly in the telecom C-band [7]. The experiment implements the Lindner–Rudolph protocol using a confined 
hole spin as a stationary entangler qubit, which is sequentially coupled to emitted photons by repetitive optical excitation 
and controlled spin precession in an external magnetic field. Such deterministic emitter-based entanglement generation is 
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substantially improved two-photon interference performance. In earlier devices, record two-photon interference visibilities 
of approximately 72% were obtained in the telecom C-band. More recently, deterministic InAs/InAlGaAs quantum dots 
integrated into circular Bragg grating resonators demonstrated raw two-photon interference visibilities up to (91.7 ± 0.2)% 
[5]. This represents an important step towards bringing telecom-wavelength quantum-dot sources into a performance 
regime relevant for entanglement swapping, quantum networking, and photonic quantum information processing. 
Spin-photon interfaces at telecom wavelengths 
Beyond single-photon generation, charged telecom quantum dots provide access to spin-photon interfaces. Recent work 
on InAs/InAlGaAs quantum dots integrated into deterministically placed circular Bragg gratings at 1.55 µm demonstrated 
optical access to a confined hole spin qubit. Polarization-resolved measurements of positively charged excitons allowed 
electron and hole g-factors to be extracted, and pulsed two-photon correlation measurements enabled heralding of the 
hole spin with an inhomogeneous dephasing time of T*2 = (15.9 ± 1.7) ns [6]. These results establish key ingredients for 
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Photonic cluster-state generation in the telecom C-band 
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cluster state directly in the telecom C-band [7]. The experiment implements the Lindner–Rudolph protocol using a confined 
hole spin as a stationary entangler qubit, which is sequentially coupled to emitted photons by repetitive optical excitation 
and controlled spin precession in an external magnetic field. Such deterministic emitter-based entanglement generation is 

particularly relevant for scalable photonic quantum technologies, where probabilistic construction of large resource states 
quickly becomes inefficient [8]. We characterize the cluster-generation process by reconstructing the process map of one 
circuit building block, consisting of spin precession and spin-dependent photon emission, and obtain a fidelity of F = 0.71 
± 0.01 with respect to the ideal process. As part of this characterization, we observe spin–photon polarization entanglement 
by full quantum-state tomography. The emitted photons exhibit approximately 80% indistinguishability, and polarization 
tomography through optical fiber underlines the compatibility of the generated cluster states with existing 
telecommunication infrastructure [7]. 
Conclusion and outlook 
Together, these results show that telecom-wavelength semiconductor quantum dots have progressed from efficient single-
photon sources to active generators of multi-qubit photonic resource states. Circular Bragg grating resonators provide 
efficient and Purcell-enhanced photon extraction, improved material quality and device design enable highly 
indistinguishable photons in the telecom C-band, and charged quantum dots provide optical access to stationary spin 
qubits. The deterministic generation of a telecom-C-band photonic cluster state combines these ingredients and marks an 
important step towards scalable quantum networking and optical quantum information processing with semiconductor 
quantum dots. Future improvements in photon extraction, Purcell enhancement, charge control [9], and spin coherence 
are expected to further increase cluster-state fidelities and enable longer entangled photon strings directly in the low-loss 
telecommunication window. 
 
References 
[1] C.-Y. Lu and J.-W. Pan, Nature Nanotechnology 16, 1294 (2021). 
[2] X. Zhou, L. Zhai, and J. Liu, Photonics Insights 1, R07 (2023). 
[3] J. Kaupp et al., Advanced Quantum Technologies 6, 2300242 (2023). 
[4] G. Peniakov et al., Laser & Photonics Reviews, 2300835 (2024). 
[5] N. Hauser, et al., Nature Communications 17, 537 (2026). 
[6] J. M. Michl, et al., arXiv:2512.19561 (2025). 
[7] G. Peniakov, et. al., manuscript in preparation. 
[8] Y. Reum, M. Santandrea, et al., Advanced Quantum Technologies 9(5), 70301 (2026). 
[9] R. Prasad, et al., Optics Express 34(8), 15100–15109 (2026). 
 
 

Sven Höfling (Last Author) is Professor and Head of the Chair of Applied Physics at Julius-
Maximilians-Universität Würzburg, Germany. His research focuses on the design, epitaxial growth, 
nanofabrication, and optical study of low-dimensional semiconductor photonic structures for 
quantum technologies. His work covers semiconductor quantum dots, microcavities, nanophotonic 
resonators, 2D materials, polariton systems, and integrated quantum photonic devices. He has co-
authored several hundred publications in leading journals and conferences and has contributed to 
major advances in semiconductor quantum photonics. 
 
For the other authors, this information was not available at the time of submission. 

 
 

 



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

124

Session V
-3

Metasurface Devices for Optical Communication and Interconnects 
 

Takuo Tanemura 
School of Engineering, the University of Tokyo (takuo.tanemura@tlab.t.u-tokyo.ac.jp) 

 
Abstract Ultrathin metasurfaces with silicon nanoposts were employed to realize spatially scalable receivers, multi-input 
multi-output vectorial mode converters, and dense pitch-converting couplers. Furthermore, active metasurfaces with 
organic electro-optic materials were developed to demonstrate >Gbps data modulation. 
 

Metasurface (MS) is an engineered array of dielectric or metallic subwavelength structures on a planer substrate that 
enables flat wavefront-shaping devices [1]. We have been developing various functional devices based on passive [2–8] 
and active [9–13] MSs operating at 1550-nm wavelength for high-speed optical communication and interconnects. 

Using passive MSs composed of dense arrays of Si nanoposts, we have demonstrated high-speed Stokes vector 
receivers [2], coherent receivers [3,4], multi-modulation-format one-chip receivers [5], and IQ modulators [6]. In [5], an 
ultrathin MS layer was successfully integrated with high-speed (> 70 GHz) InP/InGaAs membrane photodetectors on a 
single chip to realize a compact surface-normal receiver, capable of detecting highly parallelized signals in various 
modulation formats. Furthermore, multi-stage reflective and transmissive MSs were employed to realize multi-input multi-
output (MIMO) vectorial optical mode converters [7] and dense pitch-converting multi-channel couplers [8]. Such devices 
should be useful for the next-generation space-division-multiplexed (SDM) optical transmission systems, high-density 
optical interconnects, and co-packaged optics (CPO). 

By embedding organic-electro-optic (OEO) materials inside subwavelength structures, we have also demonstrated 
various types of active MS devices, whose reflectance and/or transmittance properties could be modulated at high speed. 
In [10], a Si-organic-hybrid (SOH) dimerized grating structure was employed to achieve >Gbps data modulation with sub-
volt driving voltages. Towards higher-speed operation, we have also demonstrated use of InP [13] and plasmonic [9, 11, 
12] nanostructures, enabling modulation bandwidths beyond 10s of GHz. Such high-speed surface-normal devices should 
find diverse applications for dense optical interconnects, free-space optical (FSO) communication, high-speed beam-
steering, and scalable optical computing. 
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Abstract.  We engineer  anisotropic  van der  Waals  polaritons to  realise analogue reversed Cherenkov radiation, 
directional flatland wakes, and electrically tunable nanoscale transport, revealing how dispersion transforms confined 
light into programmable emission and routing for integrated nanophotonics.

Introduction

Cherenkov radiation offers a direct route from moving charges to electromagnetic waves, yet conventional media 
impose a velocity  threshold and largely  fix  the emission geometry.  Hyperbolic  media relax these constraints by 
providing large optical momenta and strongly anisotropic energy flow. Integrated artificial hyperbolic structures have 
therefore enabled threshold-free free-electron radiation on a  chip [1].  Natural  van der  Waals  crystals  provide a 
complementary platform: their low-loss phonon polaritons are deeply confined, directionally dispersive, and tunable 
by  stacking  or  electrostatic  control.  We  use  these  properties  to  connect  three  functions—analogue  reversed 
Cherenkov  emission,  directional  flatland  wakes,  and  programmable  nanoscale  transport—within  a  common 
dispersion-engineering framework.

Analogue reversed Cherenkov radiation in natural crystals

In the type-I hyperbolic band of α-MoO , the phonon-polariton group velocity is negative, allowing energy to flow₃  
backwards relative to the wave vector. To overcome the momentum mismatch between free electrons and these 
highly confined modes, a propagating plasmon on a metal nanowire is used as an optical analogue of a moving 
charge.  Scattering-type scanning near-field  optical  microscopy directly  resolves the resulting  reversed wake [2]. 
Rotating the nanowire relative to the crystal axes reshapes the radiation symmetry, while adding hBN modifies the 
isofrequency contour, increases the reversed emission angle, and raises the quality factor by approximately 60%. 
The experiment is an analogue polaritonic realisation, rather than direct free-electron emission, but it reveals how a 
natural crystal can determine both the existence and direction of Cherenkov-like radiation.

Fig. 1. Near-field observation and dispersion control of 
analogue reversed Cherenkov radiation in α-MoO  [2].₃

Fig. 2. Directional flatland wakes generated by leaky 
hyperbolic polaritons in mixed-dimensional van der Waals 

structures [3].
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ultrathin MS layer was successfully integrated with high-speed (> 70 GHz) InP/InGaAs membrane photodetectors on a 
single chip to realize a compact surface-normal receiver, capable of detecting highly parallelized signals in various 
modulation formats. Furthermore, multi-stage reflective and transmissive MSs were employed to realize multi-input multi-
output (MIMO) vectorial optical mode converters [7] and dense pitch-converting multi-channel couplers [8]. Such devices 
should be useful for the next-generation space-division-multiplexed (SDM) optical transmission systems, high-density 
optical interconnects, and co-packaged optics (CPO). 

By embedding organic-electro-optic (OEO) materials inside subwavelength structures, we have also demonstrated 
various types of active MS devices, whose reflectance and/or transmittance properties could be modulated at high speed. 
In [10], a Si-organic-hybrid (SOH) dimerized grating structure was employed to achieve >Gbps data modulation with sub-
volt driving voltages. Towards higher-speed operation, we have also demonstrated use of InP [13] and plasmonic [9, 11, 
12] nanostructures, enabling modulation bandwidths beyond 10s of GHz. Such high-speed surface-normal devices should 
find diverse applications for dense optical interconnects, free-space optical (FSO) communication, high-speed beam-
steering, and scalable optical computing. 
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Flatland wakes from leaky hyperbolic polaritons

We next translate motion-induced radiation into a fully planar geometry. A nanoscale van der Waals strip placed on a 
polaritonic  film  forms  a  mixed-dimensional  waveguide.  Its  confined  mode  lies  within  the  continuum  of  modes 
supported  by  the  underlying  film  and  therefore  leaks  energy  at  a  well-defined  angle.  Constructive  interference 
between successive leakage events creates a highly directional two-dimensional wake [3]. The crystal orientation 
controls the symmetry of the wake, ranging from asymmetric emission to a symmetric Cherenkov-like pattern. A 
thickness gradient in the upper waveguide continuously changes the local phase velocity, producing accelerating or 
decelerating wavefronts.  These flatland wakes provide a direct  conversion between confined guided modes and 
directional in-plane polaritons without conventional antennas or bulky optical elements.

Towards programmable polariton transport

Radiation becomes a circuit  function only when its dispersion can be actively reconfigured. In graphene/α-MoO₃ 
heterostructures,  electrostatic  doping  reshapes  the  polariton  isofrequency  contour  and  switches  the  refraction 
response,  including electrically  controlled negative refraction [4].  Together  with  orientation-controlled wakes,  this 
suggests a modular route from generation to routing: engineered dispersion selects whether a mode is emitted, 
anisotropy directs its energy, and electrical  or structural  control  reprogrammes its path.  The same extreme field 
confinement may ultimately support compact active functions for source–route–modulate–detect architectures. Key 
challenges remain in coupling efficiency, propagation loss, high-speed electrical control, and scalable integration.

Conclusions

Hyperbolic polaritons turn Cherenkov radiation from a fixed cone into a designable nanoscale transport phenomenon. 
Dispersion determines whether radiation is allowed, anisotropy determines where energy flows, and active control 
converts that flow into a programmable on-chip function.
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III-V ternary nanowires and heterostructures of different types within such nanowires, including quantum dots in 

nanowires, are currently considered as potential candidates for Si-based photonics and sources of non-classical light 

for quantum information technologies. In this talk, we review the recent achievements in the compositional modeling 

[1-4], MBE growth [5-7] and experimental studies of optical properties [6-9] of III-V ternary nanowires based on group 

III and group V intermix and hybrid III-V nanowires heterostructures of different types. It will be demonstrated how 

the vapor-solid distributions of III-V ternary nanowires transition from the equilibrium shapes containing the miscibility 

gaps to the kinetic Langmuir-McLean shapes with the suppressed miscibility gaps by simply changing the total V/III 

flux ratio at a constant temperature [1,4]. We will discuss the origin of spontaneous core-shell nanowire 

heterostructures in MBE growth of AlGaAs [5] and InGaN [7] nanowires on Si substrates and the bright red 

photoluminescence from InGaN at 650 nm [7]. It will be shown that the GaAs quantum dots inserted into the core-

shell AlGaAs nanowires emit single photons, with the corresponding anti-correlation function 𝑔𝑔2(0) of ~0.1 [8,9] The 

results of correlation measurements of the single photon emission using a setup that comprises a laser-excited 

fluorescence microscope equipped with a Brown-Twiss intensity interferometer as one of the detection systems [8,9] 

will also be presented.                
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Abstract AI and metamaterials converge into two paradigms: algorithm-driven intelligent metamaterials and wave-matter 
computation-based metamateiral intelligence. This synergy transforms static devices into autonomous agents with 
integrated sensing, decision-making, and actuation for next-generation electromagnetic systems.  
 
Introduction 
The convergence of artificial intelligence (AI) and metamaterials is reshaping electromagnetic science, evolving from static 
functional devices toward dynamic, intelligent systems. This review systematically surveys two bidirectionally coupled 
paradigms: Intelligent Metamaterials (AI for Metamaterials) and Metamaterials Intelligence (Metamaterials for AI). The 
former leverages data-driven algorithms for inverse design and adaptive regulation, while the latter embeds computation 
directly into physical structures, utilizing electromagnetic waves as carriers for high-speed, low-latency information 
processing. We adopt a unified “physical mechanisms–algorithmic synergy–system applications” framework to analyze 
core principles, recent advances, and future challenges. Ultimately, these directions converge to create “metamaterial 
intelligent agents” capable of perception, decision-making, and execution, bridging the gap between physical hardware 
and digital intelligence. 
 
Intelligent Metamaterials: Algorithm-Driven Adaptation 
Intelligent metamaterials enhance the design efficiency and environmental adaptability of electromagnetic systems by 
integrating external AI algorithms with reconfigurable hardware. The physical foundation relies on dynamic metasurfaces 
utilizing varactor diodes, phase-change materials (VO₂, GST), liquid crystals, and MEMS to provide the degrees of freedom 
necessary for real-time modulation of amplitude, phase, and polarization. Algorithmically, deep learning architectures—
including multi-layer perceptrons and convolutional neural networks (CNNs)—have superseded traditional parameter 
scanning, significantly accelerating forward prediction and inverse design. To address the inherent non-uniqueness of 
inverse problems, advanced frameworks such as tandem networks, generative models (VAEs, GANs), and “generate-
eliminate” strategies ensure physical feasibility. Furthermore, reinforcement learning (RL) enables autonomous closed-
loop control, allowing systems to explore optimal strategies in unknown environments, while transfer learning facilitates 
rapid adaptation across diverse frequencies and tasks. These synergies have driven breakthrough applications: in stealth 
technology, deep learning-driven cloaks achieve real-time scattering cancellation under dynamic conditions, evolving from 
static covers to active “invisibility spaces”; in communications, Reconfigurable Intelligent Surfaces (RIS) actively shape 
wireless environments for 6G by integrating sensing and communication to track users and optimize beamforming. 
Consequently, large-scale systems now demonstrate homeostatic behaviors, managing wireless channels autonomously 
without iterative external intervention. 
 
Metamaterials Intelligence: In-Situ Physical Computation 
Distinct from algorithm-assisted design, Metamaterials Intelligence (or Neuro-Metamaterials) embeds computation directly 
into the physical substrate. By exploiting wave propagation physics, these structures naturally perform linear 
transformations such as matrix multiplication and convolution, while nonlinearities required for activation functions are 
introduced via the Kerr effect or active feedback. This enables all-optical neural networks that operate at the speed of light 
with ultra-low energy consumption. The design paradigm shifts to topology optimization, where differentiable physics 
models and end-to-end training map abstract computational tasks directly to structural parameters. Advanced techniques, 
including online learning and reinforcement learning, further allow these physical networks to adapt their structural states 
in real-time, evolving from static processors into trainable hardware. Practical implementations demonstrate significant 
potential: diffractive deep neural networks (D²NN) achieve ultra-fast image classification without electronic sensors, while 
twisted diffraction networks facilitate high-density holographic storage. Furthermore, all-optical logic gates and 
programmable nonlinear networks are paving the way for photonic AI chips capable of executing complex inference tasks, 
such as gesture recognition and signal processing, with nanosecond latency. 

Conclusions 
The fusion of intelligent metamaterials and metamaterials intelligence transforms passive components into active 
“metamaterial agents,” offering unprecedented latency, parallelism, and energy efficiency. By integrating algorithmic 
decision-making with in-situ physical computation, this paradigm fundamentally advances next-generation communication, 
sensing, and stealth technologies. 
Future Outlook 
Key challenges remain in bridging the simulation-to-reality gap caused by fabrication errors and noise, necessitating 
physics-informed neural networks. Future progress depends on developing robust nonlinear materials, few-shot online 
learning, and hybrid architectures that co-design physical hardware with digital control for deployable systems. 
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Abstract AI and metamaterials converge into two paradigms: algorithm-driven intelligent metamaterials and wave-matter 
computation-based metamateiral intelligence. This synergy transforms static devices into autonomous agents with 
integrated sensing, decision-making, and actuation for next-generation electromagnetic systems.  
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processing. We adopt a unified “physical mechanisms–algorithmic synergy–system applications” framework to analyze 
core principles, recent advances, and future challenges. Ultimately, these directions converge to create “metamaterial 
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Metamaterials Intelligence: In-Situ Physical Computation 
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introduced via the Kerr effect or active feedback. This enables all-optical neural networks that operate at the speed of light 
with ultra-low energy consumption. The design paradigm shifts to topology optimization, where differentiable physics 
models and end-to-end training map abstract computational tasks directly to structural parameters. Advanced techniques, 
including online learning and reinforcement learning, further allow these physical networks to adapt their structural states 
in real-time, evolving from static processors into trainable hardware. Practical implementations demonstrate significant 
potential: diffractive deep neural networks (D²NN) achieve ultra-fast image classification without electronic sensors, while 
twisted diffraction networks facilitate high-density holographic storage. Furthermore, all-optical logic gates and 
programmable nonlinear networks are paving the way for photonic AI chips capable of executing complex inference tasks, 
such as gesture recognition and signal processing, with nanosecond latency. 

Conclusions 
The fusion of intelligent metamaterials and metamaterials intelligence transforms passive components into active 
“metamaterial agents,” offering unprecedented latency, parallelism, and energy efficiency. By integrating algorithmic 
decision-making with in-situ physical computation, this paradigm fundamentally advances next-generation communication, 
sensing, and stealth technologies. 
Future Outlook 
Key challenges remain in bridging the simulation-to-reality gap caused by fabrication errors and noise, necessitating 
physics-informed neural networks. Future progress depends on developing robust nonlinear materials, few-shot online 
learning, and hybrid architectures that co-design physical hardware with digital control for deployable systems. 
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Abstract Optical nanofiber are ideal structures for exploring extreme photonics. Here, we introduce our recent 
progresses in high-power transmission, atomic-level light confinement, ultra-long-range optical pulling, and ultra-sensitive 
optical sensing based on optical nanofibers. 
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Abstract In this talk, I would like to report new progresses of on-chip metasurface mounted with CMOS sensor for compact 

microscope, wavefront sensor and LiDAR applications. 

 

Introduction (Arial 9 pt Bold) 
Optical metasuface, as a new kind of optical design with 2D architecture, has enabled versatile functionalities towards new 

conceptual optical devices and systems. Thanks to its extremely high flexibility in structural design and powerful capability 

in optical wave tailoring, optical metasurfaces are revolutionizing both newly-emerging technologies and conventional 

optical techniques. In optics regime, we would like to term the bulk metamaterials as meta-optics 1.0, the ultra-thin 

metasurface as meta-optics 2.0. Now, when metasurface is tightly integrated with optoelectronic device to work for well 

defined applications, we call meta-device as meta-optics 3.0. 
 

Compact Meta-microscope 

Metasurface is well recognized for its utra-thin and ultra-light feature. In fact, flat architecture enables it well compatible 

with CMOS Image Sensor (CIS), which possibly revolutionizes the conventional imaging system. In this talk, I would like 

to first introduce our progresses in developing ultra-compact meta-microscope by directly integration metalens to the CIS 

chip. Here, large field-of-view (FOV) meta-microscope will be mainly addressed, which is composed of metalens array that 

breaks the Space-Bandwidth Product limitation in conventional microscope [1]. Then, neuro network is employed to such 

a compact large FOV meta-microscope to further improve the resolution [2]. More recently, we developed the meta-

microscope for Quantitative Phase Imaging (QPI) [3,4], which show great advantage in miniaturizing complex optical 

system by meta-devices. 

 

On-chip Metasurface for Wavefront Sensing 

In area of wavefront sensing, conventional Shack–Hartmann sensors usually have limitations in dynamic range. Here, we 

present, for the first time, a chip-integrated metasurface Shack–Hartmann sensor operating directly on a CIS chip, enabled 

by a dual-encoding strategy. Orientation-encoded double-helix point spread functions extend the dynamic range to ±9.4° 

per channel without degrading localization accuracy. The architecture inherently supports vectorial wavefront sensing, 

enabling reconstruction of polarization-phase distortions. We demonstrate high-fidelity 3D localization of point source, high-

precision lens profilometry, and video-rate dynamic wavefront monitoring, establishing a scalable platform for alignment-

free, high-performance metrology [5]. 

 

On-chip Metasurface Enabled LiDAR application 

In this third part, we also show metasurface enhanced LiDAR functions. First, in the all-solid scanning component, we 

developed optical phase array (OPA) chip based the thin film Lithunibate (TFLN) platform, showing its fast scanning rate 

with low power-consuming [6]. By integrating metasurface in the output port, the scanning FOV is greatly improved 

according to the polarization splitting effect [7,8]. Moreover, in a very recent work, we show a metasurface empowered 

polarization FMCW LiDAR, which enables not only the detections of distance and velocity of objects, but also the material 

property. In particular for instances, it can distinguish an object to be whether a virtue image from a mirror or a real one.   

 

Conclusions 
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finally, I would like to address some new perspectives to future development of metasurface technology, including the deep 

combination of AI with meta-technology. 
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The explosive growth of AI and hyperscale data centers demands ultra-fast, energy-efficient optical interconnects, where 
VCSELs play a pivotal role. To meet Tb/s aggregate capacities while reducing power consumption, single-mode VCSELs 
in the 850–940 nm window offer a clear solution by eliminating modal dispersion and enabling dense wavelength 
multiplexing. 
 
Photon lifetime engineering has been proven to optimize the trade‑off between bit rate and energy per bit (EDR) in 
VCSELs [1]. Building on this concept, we demonstrate 940-nm single‑mode VCSELs with a 15-nm gain‑to‑cavity offset 
and optimized mirror/QW designs [2,3]. By optimizing photon lifetime, these devices achieve record EDRs of 69 fJ/bit at 
100 Gb/s and 85.6 fJ/bit at 108 Gb/s under PAM4 modulation, with a maximum 3 dB bandwidth of 33 GHz and 
SMSR >40 dB, enabling error‑free transmission over 100 m OM5 fiber. 
 
To further mitigate thermal saturation and increase rollover current, output power and bandwidth, we developed 
Multi‑Hole Aperture (MuHA) VCSELs with gold‑filled holes [4] and rings [5], which reduce thermal impedance and series 
resistance while providing more homogeneous current injection. Combining MuHA structures into Multi‑Aperture VCSELs 
(MAVs) yields pseudo‑single‑mode emission with 8‑10 mW output power [6]. These advanced VCSEL architectures 
represent a key step toward energy‑sustainable AI‑driven data centers. 
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Abstract 940 nm single-mode VCSELs based on deep-oxide-flanked QWs show a record energy efficiency of 69/85.6 
fJ/bit at 100 Gbps/108 Gb/s across 100 m OM5 fiber, enabling dense wavelength multiplexing for Tb/s links. 
 
Introduction 
The power consumption of data centers is exploding, driven amongst others by AI proliferation. By 2026, data centers 
worldwide are expected to consume more than 1,000 TWh of electricity annually, equal to Japan's total energy consumption, 
up from 460 TWh in 2022 [1]. This increase drives the demand for low-power, cost-effective optical interconnects. 
Additionally, the demand for much larger data rates in the Tb/s range must be met. While 850 nm VCSELs dominate 
currently short-reach links, IEEE has already previously standardized coarse wavelength multiplexing combining 850, 880, 
910 and 940 nm multi-mode sources in the same fiber. Dense multiplexing large data rate lasers would enable aggregated 
lane capacities in the Tbit/s range, directly matching the scaling objectives of the upcoming IEEE P802.3dj standard 
framework [2]. Sufficiently high-power, single-mode VCSELs in this wavelength window eliminate fiber dispersion, present 
the technologically easiest basis to meet the future IEEE standard and provide a clear architectural pathway advantage. 
Here we present our latest results on energy-efficient 940 nm single-mode VCSELs, demonstrating the feasibility of our 
approach towards Tb/s lane rates. 
 
The lasers and thermal Impact on VCSEL electro‑‑optical characteristics 
Various types of wafers are grown along [001] on GaAs substrates via MOCVD. The QWs are sandwiched between 2 
closely flanking deep oxide layers. We fabricate 2-3 µm size oxide apertures having the advantages: (1) enhancing current 
injection efficiency into the active region, thereby reducing the threshold current and improving energy efficiency. (2) 
increasing the photon density, allowing the bandwidth to rise rapidly with increasing current. Our devices exhibit stable 
single-mode operation, effectively suppressing modal dispersion. Some of them are processed with surface gratings, 
leading to single-polarization operation, eliminating polarization switching noise. At 25°C, a typical 2 μm oxide aperture 
VCSEL type A features a 0.175 mA threshold at 2 V and 2.09 mW maximum power at rollover current of 4.75 mA. Above 
threshold, the SMSR exceeds 30 dB (41.05 dB maximum). A Crosslight PICS3D model was developed to investigate the 
influence of self-heating effects on performance. As shown in Figure 1, the measured LIV data diverge from the isothermal 
prediction above a few milliamperes due to self-heating. The simulated slope efficiency is 1.01 mW/mA, larger than the 
measured value of 0.69 mW/mA. Figure 2 demonstrates that self-heating reduces the simulated isothermal bandwidth from 
41.61 GHz to 33.32 GHz, close to our best experimental results.  
 

Large Data Rates and Energy Efficiency 
NRZ EDRs of type A lasers with grating are 105.85/126.68 fJ/bit at 65 Gbps (Q > 3) and 85.6/121.1 fJ/bit at 60 Gbps (Q > 

3.4) for 1 m / 100 m OM5 MMF. For PAM4 modulation EDRs are 85 - 87 fJ/bit at 106-108 Gbps. At 100 Gbps, EDRs are 

67 - 69 fJ/bit for 1 m and 100 m transmission, and 690 fJ/(bit·km) EDDR. Figure 3 shows these results and eye diagrams. 

Figure 4 compares our results with the literature data under PAM4 modulation. 
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Fig. 1 Isothermal Simulation vs Experimental LIV Fig. 2 3dB bandwidth at 3.96 mA, type B without grating 

  
Fig. 3 EDR vs data rate, and corresponding eye diagrams 

(type A) 

Fig. 4 Comparison of single-mode EDR values 

under PAM-4 modulation [3][4] 

Conclusions 
We report a record energy efficiency for 940 nm single-mode VCSELs based on a proprietary design showing EDR values 

of 69 fJ/bit at 100 Gb/s across 100 m, and 85.6 fJ/bit at 108 Gb/s across 1m OM5 fiber. 
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Abstract: We report modulation bandwidth measurements of electrically-injected hybrid III-V/Si 2D photonic crystal 

nanolasers. Using a custom electro-optic bench, direct modulation bandwidths up to 10 GHz are demonstrated, with >20 

GHz targeted in ongoing doctoral work. 
Introduction 
The rapid growth of data-intensive computing workloads - driven by AI requirements - is pushing on-chip electrical 

interconnects toward fundamental physical limits in bandwidth density and energy efficiency. Copper interconnects face 

an intrinsic energy-per-bit floor that rises with signaling rate, making further scaling energetically prohibitive [1]. Integrated 

optical interconnects offer a path to overcome this bottleneck, thanks to CMOS-compatible on-silicon laser sources [2]. 

Among the candidate architectures, hybrid III-V/Si photonic crystal nanolaser diodes are particularly compelling: PhC 

nanocavities bonded onto SOI waveguides enable electrically injected lasing at room temperature with sub-100 µA 

threshold currents [3,4], and direct modulation up to 10 Gbit/s has been demonstrated on complete silicon photonic links 

[5]. 

2D Photonic Crystal Nanolaser Platform 
The studied structure is shown in Fig.1. It consists of an InP/InGaAsP MQW membrane bonded onto an SOI substrate via 

a BCB adhesive layer. A 2D array of air holes etched into the III-V membrane defines a photonic bandgap; a linear defect 

on one side forms a waveguide and the optical cavity. The lasing mode is laterally confined by the PhC bandgap on one 

side and by total internal reflection on the other, and vertically by index guiding in the III-V slab. Evanescent coupling 

through the BCB layer links the PhC waveguide to the underlying SOI circuit. A vertical P-i-N junction provides electrical 

injection, with the intrinsic MQWs region aligned with the optical mode. The same structure can operate as a photodetector 

under reverse bias. 

 
Electro-Optic Characterization bench 
We developed a broadband E/O bandwidth characterization bench covering up to 67 GHz (Fig. 2). A vectorial network 
analyser (Keysight PNA N5227A) modulates the injection current via a bias tee and GSG RF probe. The optical output is 
collected through a grating coupler into a single-mode fiber, amplified by an EDFA, filtered by a tunable bandpass filter, 
and detected by a lightwave component analyser (Keysight N4373D). The S41 parameter directly yields the E/O frequency 
response after calibration of the bench response. Instrument control and data acquisition are automated in Python. 
Results 

  
Fig. 1 - SEM image of the studied 

2D PhC cavity 

Fig. 2 – Experimental setup for Nanolaser bandwidth characterization 
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The measured devices exhibit threshold currents in the 100–300 µA range and single-mode emission across 1500-1600nm. 
Fig. 3 illustrates a continuous redshift of the emission wavelength (~3 nm over 200–550 µA) for an increasing pump current. 
The E/O small-signal frequency response (Fig. 4 inset) shows a relaxation oscillation peak characteristic of the rate-
equation small-signal model, whose frequency increases with pump current before decreasing at higher drive levels, 
attributed to thermal effects as evidenced by the wavelength redshift. Bandwidths above 7 GHz are routinely measured; 
on the best-performing cavities, 10 GHz is demonstrated. 
 

  
Fig. 3 – Laser emission wavelength as a function of pump 

current. (Inset)  Emission spectra for different pump 

current. 

Fig. 4 –   Extracted -3 dB bandwidth as a function of 

pump current. (Inset) Normalized E/O frequency 

response for pump currents from 200 to 550 µA.  

 
Conclusions 
Direct modulation bandwidths up to 10 GHz have been measured on hybrid 2D-PhC III-V/Si nanolasers, validating both 
the theoretical framework and the E/O characterization platform. These results form the starting point of an ongoing 
industrial PhD thesis (NcodiN/INPHYNI) with three objectives: (i) PhC cavity design optimization (increasing Q factor and 
mode volume) through FDTD simulation; (ii) fabrication improvement, especially passivation; (iii) advanced 
characterization toward >20 GHz direct modulation for chip-scale optical interconnects. 
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Abstract  
Colored rings in femtosecond laser filamentation are interpreted via cascaded four-wave mixing. The model reproduces 
wavelength-dependent divergence angles, clarifying supercontinuum formation and guiding efficient spatial–spectral 
generation of multi-wavelength ultrashort pulses from ultraviolet to infrared ranges. 
 
Introduction 
Femtosecond laser filamentation in transparent optical media, typically driven by Ti:sapphire pulses near 800 nm, produces 
strong spectral broadening and a bright white-light core surrounded by concentric colored rings. The central white-light 
supercontinuum has been widely attributed to self-phase modulation, self-steepening, and medium ionization. However, 
the surrounding colored rings, usually referred to as conical emission, remain incompletely understood. Existing models, 
including Cherenkov radiation, conventional four-wave mixing, and X-wave formation, can explain certain aspects of 
conical emission but cannot quantitatively reproduce the discrete colors, wavelengths, and divergence angles observed in 
experiments. 
Cascaded four-wave mixing 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 of intersecting femtosecond beams provides an efficient route for generating multi-
wavelength ultrashort pulses. Inspired by the similarity between CFWM-induced discrete colored rings and those observed 
during filamentation, this work investigates whether CFWM can explain the spatial–spectral structure of filamentation-
induced colored rings. By combining systematic measurements with phase-matching analysis, we show that CFWM 
accurately predicts the correlation between ring color and divergence angle. 
 
Experimental Results 
The experiment employed 50 fs, 800 nm Ti:sapphire laser pulses with pulse energies up to 4 mJ and a repetition rate of 
500 Hz. The beam was focused into a fused silica sample using lenses with focal lengths of 10, 20, and 30 cm. The 
generated white-light supercontinuum and colored rings were recorded on a screen 20 cm behind the glass center, while 
spatially resolved spectra were measured using a fiber probe connected to a spectrometer. 
Energy-dependent measurements showed that the appearance of colored rings is closely related to filamentation. At about 
0.16 μJ, a bright white spot with a weak diffused ring appeared. At 0.1 μJ, the signal weakened significantly, and at 0.08 
μJ the spectrum approached that of the pump laser. This agrees with the calculated self-focusing threshold in fused silica, 
confirming that the colored rings originate from nonlinear filamentation dynamics. 
The spatial–spectral measurements further show that the colored rings are discrete in wavelength and angle. For focal 
lengths of 10, 20, and 30 cm, continuous white-light emission was accompanied by short-wavelength colored rings with 
measurable divergence angles. A shorter focal length produced larger conical divergence angles, indicating that the ring 
structure is governed by focusing geometry and nonlinear phase accumulation. 
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Fig. 1 Spatial and spectral patterns of 

supercontinuum and colorful rings for different 

focus lengths 

Fig. 2 CFWM based physical scenario of discrete colorful rings 

during filamentation 

CFWM Model and Physical Picture 
The observed ring structure is interpreted using a CFWM model. During filamentation, forward degenerate four-wave 
mixing first amplifies weak spatial side modes from the fundamental 800 nm beam. These side modes then participate in 
cascaded frequency conversion processes, generating a series of anti-Stokes components. In this picture, the first 
generated sideband appears near 779.5 nm, followed by higher-order CFWM components such as 738 nm, 699 nm, 645 
nm, 597 nm, and 551 nm. 
Both energy conservation and momentum conservation must be satisfied in each CFWM step. The divergence angle of 
each generated wavelength is determined by the transverse wave-vector component associated with maximum nonlinear 
gain. Therefore, the model naturally links the spectral position of each colored ring with its spatial emission angle. 
Compared with Cherenkov, X-wave, and conventional FWM models, CFWM not only reproduces the wavelength-
dependent divergence angles but also explains why the rings appear as spatially discrete structures. 
Phase-Matching Analysis 
To verify the CFWM mechanism, the relative wave-vector mismatch was calculated as a function of wavelength and 
divergence angle. Efficient CFWM occurs when the mismatch is sufficiently small. The experimentally observed peak 
wavelengths and emission angles fall within the predicted phase-matching regions for different focal lengths, supporting 
the CFWM interpretation. 
For a focal length of 10 cm, the pump divergence angle was about 69.8 mrad, corresponding to a calculated first-stage 
CFWM wavelength of 759 nm. For a focal length of 30 cm, the pump divergence angle decreased to about 23.3 mrad, 
corresponding to a first-stage wavelength of 790 nm. These results confirm that the CFWM model remains valid under 
different focusing geometries and can quantitatively describe the formation of discrete colored rings during filamentation. 
Conclusions 
This work demonstrates that discrete colored rings accompanying femtosecond laser filamentation in fused silica are 
predominantly governed by cascaded four-wave mixing. The CFWM model quantitatively reproduces the relationship 
between wavelength and divergence angle and explains the spatially discrete nature of the ring structure. These results 
deepen the understanding of supercontinuum generation during filamentation and provide guidance for controlling the 
spatial–spectral configuration of multi-wavelength ultrashort optical pulses. 
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gain. Therefore, the model naturally links the spectral position of each colored ring with its spatial emission angle. 
Compared with Cherenkov, X-wave, and conventional FWM models, CFWM not only reproduces the wavelength-
dependent divergence angles but also explains why the rings appear as spatially discrete structures. 
Phase-Matching Analysis 
To verify the CFWM mechanism, the relative wave-vector mismatch was calculated as a function of wavelength and 
divergence angle. Efficient CFWM occurs when the mismatch is sufficiently small. The experimentally observed peak 
wavelengths and emission angles fall within the predicted phase-matching regions for different focal lengths, supporting 
the CFWM interpretation. 
For a focal length of 10 cm, the pump divergence angle was about 69.8 mrad, corresponding to a calculated first-stage 
CFWM wavelength of 759 nm. For a focal length of 30 cm, the pump divergence angle decreased to about 23.3 mrad, 
corresponding to a first-stage wavelength of 790 nm. These results confirm that the CFWM model remains valid under 
different focusing geometries and can quantitatively describe the formation of discrete colored rings during filamentation. 
Conclusions 
This work demonstrates that discrete colored rings accompanying femtosecond laser filamentation in fused silica are 
predominantly governed by cascaded four-wave mixing. The CFWM model quantitatively reproduces the relationship 
between wavelength and divergence angle and explains the spatially discrete nature of the ring structure. These results 
deepen the understanding of supercontinuum generation during filamentation and provide guidance for controlling the 
spatial–spectral configuration of multi-wavelength ultrashort optical pulses. 
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Abstract The impulse response of a 1060 nm InGaAs VCSEL obtained by injecting a 300-fs pulse at 1030-nm reveals a 

parasitic free bandwidth above 30 GHz and a direct observation of spectral hole burning. 

 

Introduction 
VCSELs are key components in short-reach optical interconnects, with state-of-the-art devices achieving modulation rates 

of up to 50 Gbit/s NRZ and well over 100 Gbit/s using the PAM 4 format. Standard S21 characterization captures the full 

small signal electro-optical response, which includes contributions from electrical parasitics such as device capacitance 

and series resistance introduced by current injection through the top P-type DBR. These parasitics mask the intrinsic carrier 

dynamics and limit the assessment of the inherent bandwidth. In all semiconductor lasers, the inherent bandwidth is limited 

by the nonlinear gain. A key contribution to the nonlinear gain is spectral hole burning (SHB) yet no direct optical 

measurement of SHB in VCSELs has been demonstrated. We present a characterization approach based on ultrashort-

pulse excitation of a 1060 nm InGaAs VCSEL using a 1030 nm 300 fs pulse from a Yb fiber laser. This enables both direct 

measurement of the intrinsic impulse response, free from electrical parasitics, while at the same time, a direct observation 

of spectral hole burning.  

 

Experimental Setup 
 

The excitation source is a mode-locked Yb-doped fiber laser emitting at 1030 nm. Its 

short pulses are coupled into the 1060 nm InGaAs quantum well VCSEL, driving carrier 

dynamics directly without involving the electrical contacts.  

Since the top DBR reflects at 1030 nm, we couple the pulses from the side of the 

VCSEL. A photograph of the system in shown in Fig. 1. 

 

The VCSEL output is captured using a high-speed photodetector. Electro-optic S21 

measurements, shown in Fig. 2 serve as a baseline.  

 

 

 

Results 
The S21 measurement yields a maximum modulation bandwidth of roughly 20 GHz (Fig. 2), reflecting the combined 

response of intrinsic carrier dynamics and electrical parasitics including device capacitance and P-DBR series resistance.  

The impulse response is shown in Fig. 3. It reveals two significant details. First, the impulse response is 32 ps wide which 

represents an equivalent bandwidth of roughly 30 GHz, well above the bandwidth measured electrically (Fig. 2). This 

proves the significance of performing parasitic free optical modulation. Moreover, the impulse response is preceded by a 

negative signal with a width of 20 ps. This signal is unresolved by the 42 GHz detector used in the experiment. This 
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negative response represents a direct observation of spectral hole burning. 

 

 

 

 

 

 

 

 

 

 
Fig. 2  S21 measurements of VCSEL in varying bias currents  
The carrier distribution within the VCSEL gain spectrum contains carriers at energy levels higher than that of the 
oscillating wavelength of 1060 nm. A short pulse at 1030 nm interacts with the corresponding carrier and induces a 
spectral hole in that corresponding energy. This modifies the balance of carrier injection to the oscillating energy leading 
to a reduction of the power output at 1060 nm. Once the spectral hole recovers, the VCSEL response to the pulsed 
excitation and reveals the 32 ps pulse which represents roughly 30 GHz bandwidth.   
 

  

  

 

Fig. 3 – Impulse response 
Conclusions 
Optical impulse response characterization using a 1030 nm, 300 fs pulse from a Yb fiber laser reveals intrinsic carrier 
dynamics in a 1060nm InGaAs VCSEL exceeding 30 GHz, compared to roughly 20 GHz measured in traditional 
techniques— directly quantifying the bandwidth penalty from electrical parasitics. At the same time, the optical pulse 
excitation reveals directly spectral hole burning in the form of a negative pulse at 1060 nm. This approach enables the first 
direct optical measurement of spectral hole burning in a VCSEL, providing access to ultrafast gain dynamics on a sub-
picosecond timescale that is inaccessible to conventional electrical characterization methods. 
The spectral hole burning pulse in Fig. 3 is unresolved with the 42 GHz detector used in th experiment. It has to be 
characterized using electro optic sampling which is ongoing. The electro optic sampling scheme will serve also to 
characterize the intrinsic impulse response in VCSELs whose bandwidth is significantly wider than the present laser.   
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negative response represents a direct observation of spectral hole burning. 
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Abstract We demonstrate a Si–SiON interlayer coupler using low-refractive-index SiON for multilayer photonic 
integration. Simulations and measurements confirm efficient, low-polarization-dependent interlayer coupling with sub- 
0.5 dB/coupler insertion losses for both TE and TM modes.  
 
  
Introduction  
The advancement of multilayer integration is essential for realizing high-density optical interconnects [1]. In such multi-
layer photonic integrated circuits, interlayer couplers are crucial elements for optical coupling between different layers 
and are therefore required to achieve high coupling efficiency, large alignment tolerance, and low polarization 
dependence for robust operation under random polarization states. To meet these requirements, we design, fabricate, 
and characterize a high-efficiency Si–SiON interlayer coupler. By using low-refractive-index SiON (n = 1.6) as the upper-
layer waveguide instead of a conventional SiN waveguide [2], the proposed structure is expected to reduce polarization-
dependent loss and improve alignment tolerance. In this report, simulation and measurement results of fabricated 
device are presented and discussed.   
Design and Fabrication  
Fig. 1 shows the proposed SiON interlayer coupler and its optimized geometric parameters for achieving high coupling 
efficiency while maintaining low polarization dependence. Based on the calculation results reported previously [3], a 
SiON waveguide width of 2.2 μm and height of 0.6 μm was adopted to achieve high interlayer coupling efficiency and 
large fabrication tolerance. Fig. 2 shows an optical microscope image of the fabricated interlayer couplers. The key 
fabrication steps are formation of metal lift-off marks for precise electron-beam lithography alignment and chemical 
mechanical polishing for planarizing the SiO2 surface before SiON deposition.  
      

 
Fig. 1 SiON-Si interlayer coupler, (a)  Fig. 2 Optical microscope image of  Fig.3 Simulated and measured  

 Whole structure, (b) Top view, (c)  the fabricated interlayer couplers  insertion loss of the coupler for TE  

 Cross-sectional view    and TM mode  
Results  
As shown in Fig. 3, the simulated interlayer insertion loss was 0.04 dB/coupler for the TE mode and 0.13 dB/coupler for 
the TM mode across the C-band under the optimized design conditions. Experimentally, the fabricated Si–SiON 
interlayer coupler exhibited an insertion loss of 0.26 dB/coupler for the TE mode and 0.45 dB/coupler for the TM mode 
at 1.525 μm, as shown in Fig. 3. The measurable wavelength range was limited by the wavelength range of the 
fabricated grating couplers. The measured insertion loss per coupler was extracted by comparing devices with different 
numbers of interlayer couplers. Furthermore, the calculation results confirmed that a coupling efficiency of more than 
90% can be maintained even with a horizontal misalignment of 1 μm.  
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Conclusions  
We demonstrated a Si–SiON interlayer coupler using low-refractive-index SiON for multilayer photonic integration. The 
simulations predicted low interlayer insertion losses of 0.04 dB/coupler for the TE mode and 0.13 dB/coupler for the TM 
mode across the C-band, as well as a coupling efficiency above 90% under a horizontal misalignment of 1 μm. The 
fabricated device achieved insertion losses of 0.26 dB/coupler for the TE mode and 0.45 dB/coupler for the TM mode at 
1.525 μm. These results indicate that the proposed structure is a promising approach for efficient and lowpolarization-
dependent interlayer optical coupling.  
References  
1 Nishiyama et al. IEICE Trans. Electron., E101-C (2018), 501  
2 Singaravelu et al. J. Phys. D: Appl. Phys., 52 (2019), 214001  
3 Chen et al. Ext. Abstr. 72th JSAP Spring Meeting (2025), 17a-K305-7  
  
Haoyu Chen (Author1) information not available at the time of submission.  

  

Moataz Eissa (Author2) received his BS degree from Cairo University, and his MS and PhD degrees 

from Institute of Science Tokyo, in 2014, 2019 and 2022, respectively, all in Electrical Engineering. He 

is currently a Specially Appointed Assistant Professor at Institute of Science Tokyo. His research 

interests include silicon photonics, semiconductor lasers, heterogeneous photonic integration, and 

nanofabrication technologies. He has authored and co-authored multiple papers in peer-reviewed 

journals and delivered invited talks at leading international conferences.  

Kaibin Yao (Author3) information not available at the time of submission.  

Tsuyoshi Horikawa (Author4) received the B.S. degree from Shizuoka University in 1983, and the 

M.S. and D.Eng. degrees from Kyoto University in 1985 and 2016, respectively. He worked at 

Mitsubishi Electric Corp., AIST, and PETRA before joining the Tokyo Institute of Technology (now 

Institute of Science Tokyo) in 2022. He is currently a Specially Appointed Professor at the Institute of 

Science Tokyo. Dr. Horikawa has authored over 300 papers, holds more than 49 patents, and focuses 

on materials science and silicon photonics. He is a JSAP Fellow and an IEEE Senior Member.  

Keisuke, Kawahara (Author5) received his B.E. and M.E. degrees in engineering from Tokyo 

University of Science, Chiba, Japan, in 2020 and 2022, respectively, and the Ph.D. degree in 

engineering from Yokohama National University, Yokohama, Japan, in 2025. He is currently an 

Assistant Professor with the Institute of Science Tokyo, Meguro, Japan. His research interests include 

electronic and photonic integrated circuits. Dr. Kawahara is a member of Optica, SPIE, IEICE, and 

JSAP. He was the recipient of the IEEE MTT-S Japan Chapter Young Engineer Award in 2024, JSAP 

Young Scientist Presentation Award in 2024, and IEICE Young Researcher’s Award in 2022.  

Nobuhiko, Nishiyama (Author6) received the B.E., M.E., and Ph.D. degrees from the Tokyo Institute 

of Technology, Tokyo, Japan, in 1997, 1999, and 2001, respectively. He joined Corning, Inc., New 

York, NY, USA, in 2001 and worked with the Semiconductor Technology Research Group. He became 

an Associate Professor in 2006 and Professor in 2020 at Tokyo Institute of Technology. In 2024, 

Tokyo Institute of Technology merged with Tokyo Medical and Dental University to form Institute of 

Science Tokyo. His research interests include III-V heterogeneously integrated photonic circuits on Si, 

silicon photonics, and VCSELs. Dr. Nishiyama served IEEE Photonics Society Board of Governor during 2018-2020. He 

is also a member of the Japan Society of Applied Physics, Institute of Electronics, Information and Communication 

Engineers (IEICE). He  

received the Excellent Paper Award from the IEICE of Japan, in 2001, the Young Scientists’ Prize in the Commendation 

for Science and Technology from the Minister of Education, Culture, Sports, Science and Technology in 2009, and the 

Ichimura Prize in Science for Distinguished Achievement in 2016.   



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

145

Poster Session II

Conclusions  
We demonstrated a Si–SiON interlayer coupler using low-refractive-index SiON for multilayer photonic integration. The 
simulations predicted low interlayer insertion losses of 0.04 dB/coupler for the TE mode and 0.13 dB/coupler for the TM 
mode across the C-band, as well as a coupling efficiency above 90% under a horizontal misalignment of 1 μm. The 
fabricated device achieved insertion losses of 0.26 dB/coupler for the TE mode and 0.45 dB/coupler for the TM mode at 
1.525 μm. These results indicate that the proposed structure is a promising approach for efficient and lowpolarization-
dependent interlayer optical coupling.  
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Abstract Quantum dot based high-brightness vertical broad-area edge-emitting lasers based on square corrugated 
waveguides for the wavelength window 1.2 – 1.3 µm are demonstrated for the first time. Such lasers are advantageous for 
automotive applications. 
 
Introduction  
The output power of semiconductor lasers used for automotive applications is limited by the eye safety standard DIN EN 
60825-1. The maximum allowed cw output power at emission wavelengths between 1200 and 1400 nm is ~ 20 times larger 
than at the presently used 905 nm wavelength. In addition, atmospheric transmission is nearly 100% between 1200 nm 
and 1300 nm. LiDAR systems operating at these wavelengths can control much larger distances and are of similar or lower 
cost as present systems, as long as they are based on GaAs/InAs QD-lasers emitting in this wavelength range. 
High beam quality and temperature stability simplify the optical system and reduce ownership costs. Most conventional 
ridge waveguide lasers suffer from an asymmetric beam profile, poor beam quality and of astigmatism in the case of high-
power trapezoidal lasers. We combine here two patented approaches: HIBBEE epitaxy greatly reducing the far-field 
divergence angle of the laser and increasing the brightness [1,4,] with corrugated waveguides increasing the single mode 
output power on the expense of higher order modes [2,3]. Here we present for the first time corrugated-waveguide HiBBEE 
laser diodes on GaAs substrates with densely stacked InGaAs QD layers as the active region. 
 
Device design and Results 
In previous work, we have verified the validity of our concept combining the HIBBEE vertical design with the corrugated 
lateral design, using quantum wells for the active area by comparing several different corrugation designs and finding the 
optimum. We reported, that square shape corrugations are optimum in suppressing the emission of higher-order modes, 
feeding power to the fundamental lateral mode. Furthermore, by utilizing HiBBEE vertical structures, a significant reduction 
of vertical far-field divergence was achieved, with a divergence angle of 10° at FWHM. A schematic diagram of a square-
shaped corrugated waveguide HIBBEE lasers is shown in Fig 1. 

 

 

Fig.1 schematic diagram of a square-shaped corrugated 

waveguide HIBBEE laser 

Fig. 2 lasing spectra at different currents of the 

fundamental mode 

 

Since laser emission at 1.2 μm from defect-free GaAs QW-lasers was until now not demonstrated, we designed GaAs-

based quantum dot lasers to realize lasing at 1.2 μm. Our laser structure includes 5 QD layers and 6 HIBBEE layers for 
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the lower waveguide cladding. Fig. 2 shows lasing spectra at different currents. The details of the MOCVD grown structure, 

along with the refractive index profile and near-field distributions of the fundamental and the first two higher-order modes, 

are shown in Fig. 3, left. The broad expansion of the fundamental mode gives rise to a narrow full width at half maximum 

vertical divergence angle of 12° as shown in Fig. 3, right. 

Then, a ridge waveguide of 15 µm width combined with 5 μm square corrugations was formed by etching down to the 

bottom of the p-cladding layer. After depositing a SiO2 insulating layer, the electrode contact area was etched out. The p- 

and n- type electrodes were then evaporated separately. The wafer was cleaved into individual chips with a 2 mm cavity 

length. The lasers received AR/HR coatings and a passivation layer on the AR side. Finally, they were mounted p-side 

down on C-mount copper heat sinks for better heat removal. The lasers are characterized in CW mode at a heatsink 

temperature of T = 20 °C. 

  

Fig.3 Left: schematic diagram of the HiBBEE structure, 

refractive index profile and simulated near-field amplitude of 

the fundamental and first two higher-order modes; right 

simulated far-field distribution of the fundamental mode 

Fig. 4 Far-field distributions in the lateral 

direction of a reference laser (left) and of a 

square corrugated laser (right) 

We have compared the brightness of our single mode QD 1210 nm lasers to those of the omnipresent 905 nm single mode 

lasers used for LIDAR and found an increase by more than 100%. 

 

Conclusions 
We have realized a QD HiBBEE lasers at 1210nm wavelength. The HiBBEE structure can extend the optical field across 

the vertical direction, thus decreasing the vertical divergence angle. The square-shaped corrugated waveguides can 

introduce more losses to the higher-order modes compared to the fundamental mode, therefore increasing single 

transverse mode output power, improving beam quality, and the brightness of the devices. These still preliminary results 

present a proof of concept for novel lasers for LIDAR applications in the shortest wavelength eye safety window. 

 

References 

1 D. Bimberg, K. Posilovic and V. Kalosha, US patent 8,396,091. 

2 D. Bimberg and V. Kalosha, US patent 9,705,285. 

3 Cheng-Kun Wu, et al., Opt. Express, 32 (2024) 24802-24810. 

4 Cheng-Kun Wu, et al., APL Photonics, 9 (2024) 126113. 

 

Xiao-Ning Cui (Author 1) received her BS degree from Ludong University in 2019. She is currently a master's 

student at Changchun-Institute of Optics, Fine Mechanics and Physics (CIOMP), Chinese Academy of Sciences 

(CAS), China.  

 



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

147

Poster Session II

the lower waveguide cladding. Fig. 2 shows lasing spectra at different currents. The details of the MOCVD grown structure, 

along with the refractive index profile and near-field distributions of the fundamental and the first two higher-order modes, 

are shown in Fig. 3, left. The broad expansion of the fundamental mode gives rise to a narrow full width at half maximum 

vertical divergence angle of 12° as shown in Fig. 3, right. 

Then, a ridge waveguide of 15 µm width combined with 5 μm square corrugations was formed by etching down to the 

bottom of the p-cladding layer. After depositing a SiO2 insulating layer, the electrode contact area was etched out. The p- 

and n- type electrodes were then evaporated separately. The wafer was cleaved into individual chips with a 2 mm cavity 

length. The lasers received AR/HR coatings and a passivation layer on the AR side. Finally, they were mounted p-side 

down on C-mount copper heat sinks for better heat removal. The lasers are characterized in CW mode at a heatsink 

temperature of T = 20 °C. 

  

Fig.3 Left: schematic diagram of the HiBBEE structure, 

refractive index profile and simulated near-field amplitude of 

the fundamental and first two higher-order modes; right 

simulated far-field distribution of the fundamental mode 

Fig. 4 Far-field distributions in the lateral 

direction of a reference laser (left) and of a 

square corrugated laser (right) 

We have compared the brightness of our single mode QD 1210 nm lasers to those of the omnipresent 905 nm single mode 
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Abstract Spectral Localizer (SL) is a real-space based operator for diagnosing topological states. In this work, SL is 

utilized to analyze two disordered Valley photonic systems: topological Anderson phase transition and robust topological 

edge states.  
 

Introduction   
Introducing disorder into valley photonic crystals (VPCs) can drive a topological Anderson transition between 

topologically trivial and nontrivial phases. A direct way to identify such a transition is to examine the existence of edge 

states. For example, one can introduce disorder into an initially topologically trivial interface and check whether robust 

edge states emerge.  

However, this phenomenological approach lacks a quantitative characterization of topological localized states. More 

importantly, it is difficult to determine whether the observed edge-state-like response originates from a genuine disorder-

induced topological phase transition or is merely a consequence of Anderson localization. In disordered systems, 

conventional momentum-space topological invariants defined within band theory are no longer directly applicable. 

Therefore, a real-space topological diagnostic is required.   

The spectral localizer method provides such a framework by combining the system Hamiltonian with position 

operators into a finite-dimensional Hermitian localizer matrix. This method has been widely adopted because it is 

compatible with finite-size and disordered systems and provides a quantitative real-space criterion for identifying 

topological localized state [1]-[3]. Therefore, we employ the spectral localizer method to quantitatively analyze disorder-

induced topological phase transitions in VPCs.   

Since the systems studied in this work operate in the TM modes, the corresponding spectral localizer can be written 

as:  

,  

  

where   is a tuning coefficient used to ensure consistent units and comparable contributions of operators H and Y , M is 

the matrix of relative permittivity  (x y, ) , W is the discrete Laplacian matrix, Y is the y position operator, 1 is the identity, 

and f is the frequency of the mode. The position y0 and energy E (or frequency f ) are the inputs of the spectral localizer 

L Y H( , ) , and the spectrum of the L Y H( , ) quantifies whether the system exhibits a topological edge state 

approximately localized at (y E0, ) . If there are eigenvalues crossing zero, related to the local gap  (y E0, ) = 0 , then a 

localized state could exist at (y E0, ) .  

  

,  ,   ,   (1)   
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Topological properties of VPC   
The structure of C3-symmetric VPC is shown in Fig. 1(a), where the atoms can be rotated by angle    The 

topological invariant of valley Chern number could be determined by        The phase diagram is shown in Fig. 1(b).  

  
  

Localized topological properties of the disordered VPC  
This work has focused on two aspects of topological phase transition in VPC.   
Firstly, we have used SL to verify the low-threshold emergence of topological edge state. We start with an interface 

composed of two parts of VPC with phases of  = 30 .  Since the two phases have a valley Chern number Cv = 0, they 
correspond to topological trivial phases and there should not support topological edge states. Disorder is then 
introduced by randomly rotating the Si rods in each unit cell, with the random rotation angle following the uniform 
distribution of  i ~U(0, d) , where  d represents the disorders strength. When  d increases, more cells on both sides of 
the interface acquire opposite valley Chern numbers, leading to topological phase transition. The scan diagrams of initial 
and disordered VPC are shown in Fig. 1(c)(d). These results show that local gap  (y E0, ) vanishes at interface y0 = 0 
with disorder  d =30 , indicating the occurrence of a topological phase transition and the emergence of topological edge 
state.   

Secondly, we have studied the robustness of topological edge states against disorder. Different from the above case, 
the initial VPC consists of two parts with  = 0 ，60 , corresponding to valley Chern number Cv = 2 ; therefore, 
topological edge state should exist at the interface. Then introduce disorder of  i ~U( − d / 2 , d / 2) . Fig. 1(e) shows 
that the local gap  (y E0, ) vanishes at y0 = 0 in the initial VPC, which corresponds to the conventional topological edge 
state between non-trivial topological phases. While Fig. 1(f) shows that the local gap  (y E0, ) also vanishes at y0 = 0 
with disorder  d =60 , indicating that the valley topological properties of the VPC are preserved within a disorder range 
of 60 . These results demonstrate that VPC are robust against strong rotational disorder.  

  
Conclusions  
  In this work, we have used spectral localizer to quantitatively diagnose disorder-induced topological phase transitions 
in VPC. The results reveal both the low-threshold emergence of topological edge states from trivial interfaces and the 
strong robustness of valley edge states against rotational disorder.  
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distribution of  i ~U(0, d) , where  d represents the disorders strength. When  d increases, more cells on both sides of 
the interface acquire opposite valley Chern numbers, leading to topological phase transition. The scan diagrams of initial 
and disordered VPC are shown in Fig. 1(c)(d). These results show that local gap  (y E0, ) vanishes at interface y0 = 0 
with disorder  d =30 , indicating the occurrence of a topological phase transition and the emergence of topological edge 
state.   

Secondly, we have studied the robustness of topological edge states against disorder. Different from the above case, 
the initial VPC consists of two parts with  = 0 ，60 , corresponding to valley Chern number Cv = 2 ; therefore, 
topological edge state should exist at the interface. Then introduce disorder of  i ~U( − d / 2 , d / 2) . Fig. 1(e) shows 
that the local gap  (y E0, ) vanishes at y0 = 0 in the initial VPC, which corresponds to the conventional topological edge 
state between non-trivial topological phases. While Fig. 1(f) shows that the local gap  (y E0, ) also vanishes at y0 = 0 
with disorder  d =60 , indicating that the valley topological properties of the VPC are preserved within a disorder range 
of 60 . These results demonstrate that VPC are robust against strong rotational disorder.  

  
Conclusions  
  In this work, we have used spectral localizer to quantitatively diagnose disorder-induced topological phase transitions 
in VPC. The results reveal both the low-threshold emergence of topological edge states from trivial interfaces and the 
strong robustness of valley edge states against rotational disorder.  
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Abstract We present a six-degree-of-freedom (DOF) heterodyne grating interferometer for atomic-level precision 
measurement. By integrating a dual-frequency laser and a common-mode-rejection architecture, the system achieves 
multi-dimensional measurement with a remarkably high signal-to-noise ratio and exceptional environmental stability at the 
atomic scale. 
Introduction 
High-precision multi-dimensional displacement measurement is crucial for advanced manufacturing, such as 
semiconductor lithography and atomic-scale fabrication. The grating interferometer has become a mainstream metrology 
technology because it relies on the physical grating pitch as a stable benchmark, offering strong anti-interference 
capabilities and facilitating multi-DOF expansion. However, existing multi-DOF solutions typically rely on stacking multiple 
single-axis or low-DOF sensors. This approach inevitably introduces catastrophic Abbe errors, increases system volume, 
and complicates optical alignment. To address this bottleneck, our work proposes a single-probe six-DOF heterodyne 
grating interferometer. This unified architecture completely eliminates spatial alignment redundancies and minimizes Abbe 
errors, providing a highly significant multi-dimensional positioning benchmark for precision industry. 
Principle of Linear and Angular Measurement 
To contextualize the multi-degree-of-freedom (multi-DOF) metrological challenges in high-end industrial systems, Figure 
1 illustrates the schematic diagram of a multi-DOF positioning wafer stage within a semiconductor lithography scanner. 
Conventional sensor stacking configurations within such a confined envelope inevitably exacerbate spatial constraints and 
introduce catastrophic alignment Abbe errors. To overcome these bottlenecks, the development of a single-probe six-DOF 
metrology paradigm is of paramount significance.To resolve this limitation and achieve uncoupled six-DOF tracking, a 
highly integrated single-probe symbiotic optical layout is proposed, as detailed in Figure 2. 
In a conventional single-axis grating interferometer, the linear displacement Δx induces a proportional phase shift in the 
diffracted beam relative to the physical grating pitch g, governed by the grating encoding equation: 

Δ𝜑𝜑 = 2𝜋𝜋
𝑔𝑔 Δx 

For three-axis linear displacement (𝑥𝑥, 𝑦𝑦, 𝑧𝑧) measurements, the digitized heterodyne phase variations undergo a common-

mode rejection operation to eliminate target-independent disturbances, such as laser frequency drift: 
𝜑𝜑𝑖̅𝑖 = 𝜑𝜑𝑖𝑖 − 𝜑𝜑𝑟𝑟𝑟𝑟𝑟𝑟(𝑖𝑖 = 𝑥𝑥, 𝑦𝑦, 𝑧𝑧) 

By mathematically inverting this coupled matrix, the fully decoupled linear displacements are explicitly resolved in a closed 

form: 

𝑥𝑥 = 𝑔𝑔
2𝜋𝜋𝑛𝑛 𝜑𝜑𝑥𝑥̅̅̅̅ − 𝑔𝑔(1 + 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃)

4𝜋𝜋𝑛𝑛 𝜑𝜑𝑧𝑧̅̅ ̅ 

𝑦𝑦 = 𝑔𝑔
2𝜋𝜋𝑛𝑛 𝜑𝜑𝑦𝑦̅̅̅̅ − 𝑔𝑔(1 + 𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃)

4𝜋𝜋𝑛𝑛 𝜑𝜑𝑧𝑧̅̅ ̅ 

𝑧𝑧 = 𝜆𝜆
4𝜋𝜋𝑛𝑛 𝜑𝜑𝑧𝑧̅̅ ̅ 

where n is the air refractive index, 𝜆𝜆 is the laser wavelength, g is the grating pitch, and 𝜃𝜃 is the first-order diffraction 
angle.Concurrently, three-axis angular displacements (𝑅𝑅𝑥𝑥, 𝑅𝑅𝑦𝑦, 𝑅𝑅𝑧𝑧)  are tracked utilizing quadrant photodiodes, which 

monitor the spatial intensity centroids of the back-reflected diffracted beams. Angular tilts induce coordinate variations 

(∆𝐴𝐴, ∆𝐵𝐵, ∆𝐶𝐶, ∆𝐷𝐷)  in the spot centroids. Through a deterministic geometric optical model, the rotational angles are directly 

mapped as: 

𝑅𝑅𝑥𝑥 = −∆𝐵𝐵
2f , 𝑅𝑅𝑦𝑦 = ∆𝐴𝐴 + ∆𝐶𝐶

4f , 𝑅𝑅𝑧𝑧 = ∆𝐵𝐵 − ∆𝑑𝑑
f tan𝜃𝜃  



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

150

Poster Session II

where f denotes the focal length of the collection lens. This symbiotic architecture achieves instantaneous, closed-form 

decoupling of six-DOF motions without requiring iterative optimization algorithms. 

  
Fig. 1  Schematic diagram of a multi-DOF 

positioning sensor used in lithography 

wafer fabrication. 

Fig. 2  The comprehensive 3D optical design of the six-DOF 

heterodyne grating interferometer. 

Conclusions 
We have successfully demonstrated a single-probe six-DOF heterodyne grating interferometer. Experimental validations 
confirm that the system covers an in-plane range of > 25 mm and an out-of-plane range of approximately 5 mm. Within 
this envelope, the system achieves a linear resolution of < 0.8 nm and an angular resolution down to 0.9 µrad. Reliability 
tests indicate a repeatability of < 1 nm for linear axes and < 1 µrad for rotational axes. Furthermore, the system exhibits 
long-term stability superior to 6 nm over 1000 s and 1.5 µrad over 300 s. This system provides a highly stable and robust 
metrological solution for next-generation precision manufacturing.   
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Abstract 
Short pulse excitation of quantum dot gain media induces Rabi oscillations which modify, in turn, the noise accompanying 
the amplified signal. 
Homodyne characterization reveals noise squeezing during the Rabi cycle when the quantum dots exhibit gain. 
 
Introduction 
The propagation of optical pulses in quantum dot (QD) gain media, in the form of QD SOAs with durations smaller than 
the coherence time which is roughly 1 ps, induce a variety of coherent interaction such as Rabi oscillations [1].  
The properties of the pulses emerging from the SOA have been studied for the past decade using X-FROG characterization 
accompanied by a comprehensive semi-classical model. 
The coherent quantum interaction between the QDs and the optical pulse affect also the noise. These noise properties are 
addressed in this paper using homodyne measurements. 
We demonstrate a unique interplay between squeezing of the noise accompanying the pulse and the Rabi 
oscillations that the QDs undergo. Specifically, we show that the noise is squeezed only during the part of the Rabi cycle 
when the QD experience gain while at all other times, the noise exhibits the properties of a coherent state. 
 
Experimental Setup and Conduct 
Fig. 1 shows the experimental system. A 100-fs pulse at 1540 nm feeds a QD amplifier inducing Rabi oscillations. It 
broadens to roughly 1 ps upon propagation along the 1.5 mm long amplifier. A replica of the 100-fs excitation pulse serves 
as the local oscillator (LO) in the homodyne detection system. The phase of the LO is scanned over 2π radians some 1000 
times yielding a histogram of the uncertainty in the noise photon number. The histogram is translated into a Wigner function 
using the Inverse Radon Transformation [2]. 
 

 
Fig. 1: The experimental setup 

 

Results 

The dependence on pulse excitation energy was examined in detail as described in Fig. 2.  
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Fig. 2: Excitation energy dependent Wigner functions 

 

The upper left panel shows a wide, circular Wigner function corresponding to a thermal state, obtained because no input 

was introduced into the SOA, meaning that the measured signal consists of amplified spontaneous emission (ASE). Noise 

squeezing occurs at 3.96 pJ (displaced squeezed thermal state) and 15.8 pJ (squeezed coherent state). This is a fourfold 

increase in energy which amounts to an increase in pulse area of 2π. For all other excitation energies, the Wigner function 

is once again circular, and its standard deviation is bigger than that of a vacuum state, describing a displaced thermal state. 

This behavior is observed over a large range of excitation energies up to 145 pJ maintaining the cyclical nature wherein 

increases of a factor of four yield an elliptic Wigner function, corresponding to an appearance of noise squeezing. 

 
Conclusions 
To conclude, we have demonstrated a direct relationship between Rabi oscillations and noise squeezing in a QD optical 

amplifier. For input pulse energies that differ by factors of four, the noise is squeezed since such energies represent a full 

circle around the Bloch sphere. For all other energies, the output state is a displaced thermal state. 

 

References 

[1]  A. Capua, O. Karni, G. Eisenstein, and J. P. Reithmaier, "Rabi oscillations in a room-temperature quantum dash 

semiconductor optical amplifier", Phys. Rev. B 90, 045305 (2014). 

[2]  Stenly R Dewans, “The Radon transform and some of its applications”, Courier Corporation (2007) 

 

Ori Gabai received his BSc degree in Electrical and Computer Engineering from Technion in 2023. He 

is presently a PhD student whose research interest has been in the area of quantum optics and light-

matter interaction, specifically where the medium is QD SOA. 

 

 

 



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

153

Poster Session II

 

Fig. 2: Excitation energy dependent Wigner functions 

 

The upper left panel shows a wide, circular Wigner function corresponding to a thermal state, obtained because no input 

was introduced into the SOA, meaning that the measured signal consists of amplified spontaneous emission (ASE). Noise 

squeezing occurs at 3.96 pJ (displaced squeezed thermal state) and 15.8 pJ (squeezed coherent state). This is a fourfold 

increase in energy which amounts to an increase in pulse area of 2π. For all other excitation energies, the Wigner function 

is once again circular, and its standard deviation is bigger than that of a vacuum state, describing a displaced thermal state. 

This behavior is observed over a large range of excitation energies up to 145 pJ maintaining the cyclical nature wherein 

increases of a factor of four yield an elliptic Wigner function, corresponding to an appearance of noise squeezing. 

 
Conclusions 
To conclude, we have demonstrated a direct relationship between Rabi oscillations and noise squeezing in a QD optical 

amplifier. For input pulse energies that differ by factors of four, the noise is squeezed since such energies represent a full 

circle around the Bloch sphere. For all other energies, the output state is a displaced thermal state. 

 

References 

[1]  A. Capua, O. Karni, G. Eisenstein, and J. P. Reithmaier, "Rabi oscillations in a room-temperature quantum dash 

semiconductor optical amplifier", Phys. Rev. B 90, 045305 (2014). 

[2]  Stenly R Dewans, “The Radon transform and some of its applications”, Courier Corporation (2007) 

 

Ori Gabai received his BSc degree in Electrical and Computer Engineering from Technion in 2023. He 

is presently a PhD student whose research interest has been in the area of quantum optics and light-

matter interaction, specifically where the medium is QD SOA. 

 

 

 

PII-10 
Interplay of quantum dot size, composition and nanowire geometry 

indetermination of emission dynamics of a novel zincblende InAsxP1-

x/InP system 
 

Tomasz Gzyl (1), Giada Bucci (2), Krzysztof Gawarecki (1), Elisa García-Tabarés (3), Anna Musiał (1), Valentina Zannier 
(2), Ylea Vlamidis (2), Fabio Beltram (2), Julian V. Montero (3), Beatriz Galiana (3), Lucia Sorba (2), Wojciech Rudno-

Rudziński (1), Grzegorz Sęk (1) 
1 : Wrocław University of Science and Technology, 50-370 Wrocław, Poland, 2 : NEST Istituto Nanoscienze CNR and 

Scuola Normale Superiore, 56127 Pisa, Italy, 3: Universidad Carlos III de Madrid, 28903 Leganés, Spain 
Author1 is a student. Corresponding email address: tomasz.gzyl@pwr.edu.pl  

 
Abstract Exciton lifetime in novel zincblende InAsxP1-x quantum dots in InP nanowires grown by chemical beam epitaxy in 
vapour-liquid-solid mode is studied experimentally and theoretically to determine its dependence on quantum dot size, 
composition, and nanowire geometry. 
Introduction 
A single photon source (SPS) is a fundamental building block of various quantum technologies, including quantum 
computing and quantum communication. An important parameter influencing the application potential of an SPS is its 
radiative lifetime, which constitutes a fundamental limitation on photon generation rate. Short radiative lifetimes enable 
high repetition rates, while also reducing the influence of dephasing processes and timing jitter. This is beneficial for high 
overall device speed and effectiveness of quantum protocols realisation. Epitaxial quantum dots (QD) have potential to be 
the best SPSs, characterised by high brightness, on-demand operation and mature technology, with potential for scalable 
integration. Of particular interest are QDs engineered to emit in the telecommunication spectral range (1.3–1.55 μm), where 
optical fibre losses are minimized  and enabling long-distance transmission of quantum information through the existing 
silica-based fibre-optic infrastructure. In recent years, QDs in nanowires (NW) have emerged as a promising platform for 
a high quality SPS, as they offer several advantages over conventional self-assembled QDs. The growth method enables 
deterministic positioning of a single or multiple QDs along the NW axis, ensuring optimal coupling to a single guided optical 
mode. The properly designed NW acts as a photonic waveguide, reducing radiative losses due to the dielectric screening 
effect and significantly enhancing light extraction efficiency upwards [1]. Furthermore, nanowire-based structures provide 
exceptional flexibility in material composition and heterostructure design, allowing control of the emission wavelength in a 
wide spectral range, including the telecom bands [3-5]. A common approach is to grow InAsP QDs in InP NWs in the 
wurtzite crystal structure using selective-area epitaxy in vapour-liquid-solid growth (SAE-VLS) within chemical beam 
epitaxy system (CBE) [4-5]. However, this growth requires prefabricated substrates, it is burdened with high probability of 
defects and imposes strict constraints on the gold colloid size serving as the nucleation centre. In contrast, those problems 
are lifted for novel zincblende structures [2-3]. Here, we present studies on emission dynamics of InAsxP1-x/InP QD/NWs 
grown without defects in the zincblende phase by means of CBE in VLS mode along the <100> direction on a bare Fe-
doped InP(100) substrate. In particular, we analyse the influence of QD size and composition, as well as QD photonic 
environment on exciton radiative lifetime to assess the structures application potential as an SPS. 
 
Results 
In order to experimentally determine the influence of both QD and NW parameters on emission dynamics, three samples 
were prepared: one with a thick 150 nm InP NW shell and a 2 nm high QD, one with the same QD but a thin 50 nm InP 
NW shell and one with a thick 150 nm InP NW shell and a 10 nm QD with slightly smaller As content, emitting in the 
telecom C-band. The 150 nm InP NW shell thickness was chosen to guarantee optimal single mode waveguiding, while 
the thin one was chosen to be too small for optical mode confinement to observe Purcell effect. The NW geometry and 
quality of all samples were analysed by means of Scanning Electron Microscopy. The exact QD size and As composition 
in the range of x=0.69-0.76 was determined using High Resolution Scanning Transmission Electron Microscopy and 
Energy Dispersive X-ray Spectroscopy. The structural data were then used to design realistic models for theoretical 
calculations. Finite-difference time-domain simulations were performed to study the influence of the photonic environment 
on radiative lifetime without focusing on the QD details. The Purcell factor was calculated as a function of emission 
wavelength and NW shell thickness. It was shown that for the sample with the thin NW shell a strong Purcell emission 
inhibition is expected, decreasing radiative lifetime by a factor of 10. For both samples with the thick NW shell the Purcell 
factor was calculated to be roughly constant, varying between 0.8 and 1. To study how QD details affect radiative lifetime, 
8 band k·p calculations with configuration-interaction model were implemented. The results are shown in Fig.1. The 
radiative lifetime increases with QD size and As content due to changes in confinement regime and wavefunctions overlap. 
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The experimental time-resolved photoluminescence measurements were performed on a QD/NW ensemble to ensure 
sufficient signal intensity. The measured decay time dispersion is  presented in Fig. 2., with an inset showing an exemplary 
fitted mono-exponential decay curve for each sample. The general trends turned out to be in agreement with calculations. 
The exact lifetime values for samples with thick shell  are elongated, as compared to calculations, due to Purcell factor 
slightly below 1. The sample with the thin shell exhibits decay time longer by a factor of 2. The deviation from expected 10 
value is due to the fact that the measurements were performed on an ensemble of thousands of QD/NWs, with contributions 
coming from various excitonic complexes and possibly excited states, with shorter lifetimes than ground state exciton. 
 

  

Fig. 1 Calculated radiative lifetime and emission 

energy as a function of QD size and As composition 

Fig. 2 Decay time dispersion for all studied samples 

and exemplary fitted decay curves 

 

Conclusions 

We have shown that in the QD/NWs with the thin shell the dominant factor influencing lifetime is the Purcell inhibition. In 

the case of samples with thick NW shell  the increase in lifetime originates mostly from changes in QD potential due to 

the increased QD size. We also note that the average decay time in the telecom spectral range for the thick shell samples 

is below 2 ns so lower than the literature values for InAsP/InP QD/NW grown in the wurtzite phase [4-5]. 
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The experimental time-resolved photoluminescence measurements were performed on a QD/NW ensemble to ensure 
sufficient signal intensity. The measured decay time dispersion is  presented in Fig. 2., with an inset showing an exemplary 
fitted mono-exponential decay curve for each sample. The general trends turned out to be in agreement with calculations. 
The exact lifetime values for samples with thick shell  are elongated, as compared to calculations, due to Purcell factor 
slightly below 1. The sample with the thin shell exhibits decay time longer by a factor of 2. The deviation from expected 10 
value is due to the fact that the measurements were performed on an ensemble of thousands of QD/NWs, with contributions 
coming from various excitonic complexes and possibly excited states, with shorter lifetimes than ground state exciton. 
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energy as a function of QD size and As composition 

Fig. 2 Decay time dispersion for all studied samples 

and exemplary fitted decay curves 

 

Conclusions 

We have shown that in the QD/NWs with the thin shell the dominant factor influencing lifetime is the Purcell inhibition. In 

the case of samples with thick NW shell  the increase in lifetime originates mostly from changes in QD potential due to 

the increased QD size. We also note that the average decay time in the telecom spectral range for the thick shell samples 

is below 2 ns so lower than the literature values for InAsP/InP QD/NW grown in the wurtzite phase [4-5]. 
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Abstract We demonstrate quantum-confined Stark tuning of the excitonic emission of InAs/InAlGaAs quantum dots 

embedded in nin-diode structures at 1.25 µm, paving the way towards electrically tunable single-photon sources. 

 

Introduction  

The optical properties of semiconductor quantum dots (QDs) make them promising building blocks for secure quantum 

communication, quantum computing, and future quantum networks [1,2]. Many of these applications rely on single-photon 

sources with a high degree of quantum-mechanical indistinguishability between emitted photons. However, the epitaxial 

growth of QD ensembles inherently introduces variations in size, shape, and composition, such that no two dots emit at 

exactly the same energy. External electric fields can be used to overcome this inhomogeneity by tuning the emission 

energy via the quantum-confined Stark effect (QCSE), enabling the spectral matching of remote emitters [3]. To this end, 

the dots are embedded in electrically contactable nin-diode structures, in which a vertical electric field can be applied 

through metallic contacts to tune the excitonic emission energy and to control the charge state of the QD. 

 

Electrical control of InAs quantum dots via the QCSE 
The InAs/InAlGaAs quantum dots are embedded in vertical nin-diode structures, in which a vertical electric field is applied 

through metallic contacts to tune the excitonic emission via the QCSE. The dots investigated here emit around 1.25 µm. 

By sweeping the bias voltage applied to the nin-structure, a continuous redshift of the excitonic lines of ∼0.2 meV 

(corresponding to ∼0.3 nm) is observed, consistent with the expected QCSE.  

The field-dependent µPL spectra are fitted with double Lorentzians, and the resulting excitonic energies are described by 

E(F) = E(0) + βF², where F denotes the electric field at the QD. This field is directly related to the applied bias voltage V 

shown in Fig. 1(b) and is estimated as F ≈ V/d from the d = 142 nm thick intrinsic region. The fits yield polarizabilities of 

β/e ≈ −28 to −29 nm²/V for two lines attributed to different charge states of the same QD, in good agreement with previously 

reported values for InAs/GaAs QDs [4], while a third line, attributed to a different dot, exhibits a markedly larger polarizability 

of β/e ≈ −63 nm²/V. Since the polarizability is predominantly governed by the QD height [5], this is attributed to a more 

asymmetric dot geometry, which enables a greater displacement of the electron and hole wavefunctions along the growth 

direction. 

 

Comparison with band-structure simulations 
To support the experimental results, the conduction and valence band profiles of an InAs/InAlGaAs QD subjected to a 

vertical electric field are simulated self-consistently using a Schrödinger–Poisson solver. Modelling the dot as a truncated 

pyramid embedded in the nin-structure, the simulated QCSE tuning reproduces the experimentally observed behavior and 

yields a polarizability of the same order of magnitude. By adjusting the simulated QD dimensions to match the measured 

transition energies, the size of the experimentally investigated dot is estimated to a base width of ∼10.6 nm and a height 

of ∼3 nm, illustrating how the combined experimental and theoretical analysis provides insight into the effective QD 
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geometry. 

 

Conclusions 
We have demonstrated electrical wavelength control of the excitonic emission of InAs/InAlGaAs quantum dots embedded 

in nin-diode structures, achieving a continuous quantum-confined Stark tuning of ∼0.2 meV at 1.25 µm. The extracted 

polarizabilities are consistent with literature values for InAs-based QDs and with self-consistent band-structure simulations, 

which additionally provide an estimate of the effective dot dimensions. As a next step, the tuning scheme will be applied to 

larger, telecom C-band-emitting dots of the same material platform and combined with holey circular Bragg gratings, 

towards scalable, fiber-compatible single-photon sources for quantum networks. 
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Fig. 1 (a) Schematic of the vertical nin-diode layer stack with the InAs/InAlGaAs QDs embedded in the intrinsic 

region. (b) Bias-dependent µPL spectra showing the tuning of the excitonic emission lines via the QCSE; spectra are 

vertically offset by 20 kcts/s for clarity, and each line is tuned by ∼0.2 meV, corresponding to a wavelength shift of 

∼0.3 nm. (c) Stark shift of the excitonic energies as a function of the applied electric field, fitted with a parabolic 

QCSE model to extract the polarizabilities. X₁ and X₂ are attributed to different charge states of the same QD, while 

X₃ originates from a different dot and exhibits a markedly larger polarizability. All measurements at ∼5 K under 

above-band excitation. 
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geometry. 

 

Conclusions 
We have demonstrated electrical wavelength control of the excitonic emission of InAs/InAlGaAs quantum dots embedded 

in nin-diode structures, achieving a continuous quantum-confined Stark tuning of ∼0.2 meV at 1.25 µm. The extracted 

polarizabilities are consistent with literature values for InAs-based QDs and with self-consistent band-structure simulations, 

which additionally provide an estimate of the effective dot dimensions. As a next step, the tuning scheme will be applied to 

larger, telecom C-band-emitting dots of the same material platform and combined with holey circular Bragg gratings, 

towards scalable, fiber-compatible single-photon sources for quantum networks. 
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Fig. 1 (a) Schematic of the vertical nin-diode layer stack with the InAs/InAlGaAs QDs embedded in the intrinsic 

region. (b) Bias-dependent µPL spectra showing the tuning of the excitonic emission lines via the QCSE; spectra are 

vertically offset by 20 kcts/s for clarity, and each line is tuned by ∼0.2 meV, corresponding to a wavelength shift of 

∼0.3 nm. (c) Stark shift of the excitonic energies as a function of the applied electric field, fitted with a parabolic 

QCSE model to extract the polarizabilities. X₁ and X₂ are attributed to different charge states of the same QD, while 

X₃ originates from a different dot and exhibits a markedly larger polarizability. All measurements at ∼5 K under 

above-band excitation. 
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Abstract We study coherence of Kerr microcombs under continuous-wave and pulsed injection. Analytical and numerical 

results quantify phase noise and timing jitter from the pump, while optical feedback improves coherence. 

Introduction  

Solitons in nonlinear optical systems play a central role in modern photonics, offering exceptional stability and enabling 

transformative applications in high-precision frequency comb generation, ultrafast optics, and optical communications. Kerr 

microcavities, described by the Lugiato-Lefever Equation (LLE) [1–3], provide a powerful platform to study soliton dynamics. 

The LLE captures the essential physical ingredients of these systems, including dispersion, Kerr nonlinearity, cavity losses, 

and external driving, making it a cornerstone model for understanding frequency comb formation. 

This work investigates analytically and numerically the combined impact of phase noise and injection pulse timing jitter on 

soliton dynamics in synchronously pumped Kerr microcavities, using the LLE as the governing model. We perform an 

asymptotic analysis of the impact of external injection noise and intracavity thermal noise on soliton phase noise and timing 

jitter. 

We consider the dynamics of the intracavity field A(x,t) in a synchronously pumped Kerr microcavity, described by a 

stochastic version of the LLE. After rescaling and setting the dispersion coefficient to one, the governing equation becomes: 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 = −𝐴𝐴 − 𝑖𝑖[𝜃𝜃 + 𝜎𝜎(𝑡𝑡)]𝐴𝐴 + 𝑖𝑖 𝜕𝜕

2𝐴𝐴
𝜕𝜕𝑥𝑥2 + [𝑣𝑣 + 𝛽𝛽(𝑡𝑡)] 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 + 𝐴𝐴in[𝑥𝑥 + 𝜉𝜉(𝑡𝑡)]𝑒𝑒𝑖𝑖𝑖𝑖(𝑡𝑡), (1) 

where 𝐴𝐴(𝑥𝑥, 𝑡𝑡)  is the slowly varying envelope of the intracavity field satisfying periodic boundary condition 𝐴𝐴(𝑥𝑥, 𝑡𝑡) =
𝐴𝐴(𝑥𝑥 + 𝐿𝐿, 𝑡𝑡), where 𝑡𝑡 (𝑥𝑥) is the slow (fast) time, and 𝐿𝐿 is the cavity round trip time. The term 𝐴𝐴in[𝑥𝑥 + ξ(𝑡𝑡)] ⋅ 𝑒𝑒𝑖𝑖ϕ(𝑡𝑡) is the 
injected pulse, subject to timing jitter ξ(𝑡𝑡) and phase noise ϕ(𝑡𝑡). The noise processes ξ(𝑡𝑡) and ϕ(𝑡𝑡) are Brownian 

motions, described by Langevin equations. 

Microcavity with Pulsed Injection 

To simulate the LLE with pulsed injection we employ the general form of Eq. (1), where the injection term 𝐴𝐴𝑖𝑖𝑖𝑖 is defined 

as:  

𝐴𝐴𝑖𝑖𝑖𝑖 = 𝐴𝐴0𝑒𝑒
−(𝑥𝑥−𝜉𝜉(𝑡𝑡))

2𝑤𝑤2 𝑒𝑒𝑖𝑖𝑖𝑖(𝑡𝑡). (2) 

 

By modelling Eq. (1) with an injection term from Eq. (2), we obtained the corresponding optical and RF. Notably, 

the linewidth of each comb tooth increases with harmonic order as a result of a timing jitter. Based on these results, we 

further analyze the dependence of the linewidth. Following the approach of Haus and Mecozzi, and taking into account 

phase dynamics, we define the linewidth Δν as Δ𝜈𝜈 = 𝐷𝐷𝜙𝜙
𝜋𝜋 . The graphical representation of the linewidth dependence on the 

harmonic number (Fig. 1) clearly follows the quadratic trend observed in mode-locked lasers [4]. This allows us to quantify 
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timing jitter in high-repetition rate frequency combs and indicates that LLE exhibits behavior similar to that of a mode-

locked laser in the presence of timing jitter. 

 

 
Fig. 1 Dependence of linewidth of each tooth on the harmonic number, obtained from the optical spectrum 

calculated with the LLE under pulsed injection. 
Effect of the Optical Feedback 
We demonstrated that increasing the noise amplitude leads to the destruction of the soliton, which in turn disrupts the 
output frequency comb. Phase noise causes the comb to vanish, resulting in an optical spectrum with a single frequency 
component. However, it has been experimentally shown that optical feedback from the microresonator to the laser can 
restore the frequency comb [5]. To investigate this effect, we extend the framework introduced by Lang and Kobayashi [6] 
to describe semiconductor laser with optical feedback. However, in our case the laser field couples to the microcavity, and 
the fraction of the microcavity output field is re-injected into the laser. We therefore replace the injection term 𝐴𝐴𝑖𝑖𝑖𝑖𝑖𝑖 from 
Eq. (1) by the complex envelope of the electric field 𝐹𝐹(𝑡𝑡) emitted by a single-mode laser.  
Conclusions 
We have analyzed the coherence properties of Kerr frequency combs generated in optical microresonators under noisy 
injection and optical feedback, using both analytical and numerical methods within the framework of the LLE. Numerical 
simulations of synchronously pumped microcavities confirm theoretical results, revealing a quadratic dependence of the 
optical and RF linewidths on the harmonic order, a characteristic signature of timing jitter known from mode-locked lasers. 
Increasing the amplitude of phase noise destabilizes the soliton, leading to its suppression. Finally, by coupling the LLE to 
semiconductor laser rate equations, we showed that coherent optical feedback can restore soliton stability and narrow the 
linewidth of comb lines. This work was supported by the HYBRIDCOMB project, funded by the ANR and the DFG (No. 
491234846). 
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Abstract We report a CMOS-compatible hyperspectro-polarimetric imaging(HSPI) chip based on AI-designed freeform 
metasurfaces. Demonstrating leading-level performance across all benchmarks, the comprehensive platform 
simultaneously achieves snapshot, broadband, full-Stokes megapixel imaging with sub-nanometer spectral resolution.   
Introduction 
High-dimensional optical sensing can provide richer physical fingerprints for AI perception, but compact systems that 
simultaneously capture spectrum, polarization and spatial information remain limited. Metasurfaces offer a route to 
integrated light modulation[1]. Guided by our Compressive Sensing Basis (CSB) theory to resolve encoding limits, we 
utilize a generative AI model for freeform metasurface inverse design, and implement two CMOS-compatible HSPI chips. 
They show versatile performance and enable abundant applications with or without our reconstruction method. 
Principle and Approach 
The optical transmission of hyperspectro-polarimetric imaging (HSPI) is projecting the wavelength-dependent full-Stokes 
vector 𝑠𝑠 into intensity measurements 𝐼𝐼 by encoding, as in a matrix form 𝐼𝐼 = 𝑀𝑀𝑀𝑀, where 

𝑴𝑴 = [
𝑚𝑚0

1𝜆𝜆1 ⋯ 𝑚𝑚0
1𝜆𝜆𝑀𝑀

⋮ ⋱ ⋮
𝑚𝑚0

𝑁𝑁𝜆𝜆1 ⋯ 𝑚𝑚0
𝑁𝑁𝜆𝜆𝑀𝑀

|
𝑚𝑚1

1𝜆𝜆1 ⋯ 𝑚𝑚1
1𝜆𝜆𝑀𝑀

⋮ ⋱ ⋮
𝑚𝑚1

𝑁𝑁𝜆𝜆1 ⋯ 𝑚𝑚1
𝑁𝑁𝜆𝜆𝑀𝑀

|
𝑚𝑚2

1𝜆𝜆1 ⋯ 𝑚𝑚2
1𝜆𝜆𝑀𝑀

⋮ ⋱ ⋮
𝑚𝑚2

𝑁𝑁𝜆𝜆1 ⋯ 𝑚𝑚2
𝑁𝑁𝜆𝜆𝑀𝑀

|
𝑚𝑚3

1𝜆𝜆1 ⋯ 𝑚𝑚3
1𝜆𝜆𝑀𝑀

⋮ ⋱ ⋮
𝑚𝑚3

𝑁𝑁𝜆𝜆1 ⋯ 𝑚𝑚3
𝑁𝑁𝜆𝜆𝑀𝑀

] ,  𝒔𝒔 =

[𝑠𝑠0
𝜆𝜆1 … 𝑠𝑠0

𝜆𝜆𝑀𝑀|𝑠𝑠1
𝜆𝜆1 … 𝑠𝑠1

𝜆𝜆𝑀𝑀|𝑠𝑠2
𝜆𝜆1 … 𝑠𝑠2

𝜆𝜆𝑀𝑀|𝑠𝑠3
𝜆𝜆1 … 𝑠𝑠3

𝜆𝜆𝑀𝑀]𝑇𝑇 

Our CSB theory interprets each matrix column of 𝑀𝑀 as a basis vector, and concluded that spectral and polarization states 
become distinguishable when basis vectors remain separated beyond the uncertainty imposed by sensor noise. Therefore, 
reducing column correlation increases the resolution limits under the same signal-to-noise ratio. 

 

 

Fig. 1 Principle and fabrication of HSPI chips Fig. 2 AIGP for HSPI chip inverse design 

Metasurface Design and Fabrication 

Guided by CSB theory, we use an AI-driven evolutionary design flow to generate freeform meta-atoms with broadband 
polarization-sensitive transmission spectra[2]. A generative inverse-design model maps target full-Stokes spectral 
responses to manufacturable nanostructures, while genetic search selects units that reduce sensing-matrix coherence 
over the visible and near-infrared bands. The optimized structures are fabricated on single-layer silicon-on-sapphire 
metasurfaces by one-step lithography and bonded onto commercial CMOS image sensors, preserving CMOS compatibility 
and large-area scalability. Principles, methods and results are shown in Fig.1 and Fig.2. 
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Chip Performance, Reconstruction and Applications  
The same metasurface design is integrated with two CMOS sensors to form complementary HSPI chips, whose 
experimentally measured performance is summarized below in Tab.1. For image-level reconstruction, a deep-unfolding 
ADMM-Net[3] reconstructs full-Stokes hyperspectral cubes from the two-dimensional measurement and the calibrated 
sensing matrix, and it supports dividing measurements into sub-images for efficient inference. This method offers 
exceptional operational flexibility for different hardware configurations without the need for model retraining. 

Metric HSPI1 HSPI2 

Operating band 400-1000 nm 400-1500 nm 

Spectral resolution 0.62 nm 2.16 nm 

Central wavelength error 0.51 nm 1.82 nm 

Full-Stokes error <0.021 <0.025 

Spatial pixels 10.8 megapixels 5.0 megapixels 

Tab. 1 Performance of HSPI chips 

The HSPI platform supports multidimensional machine vision tasks, including non-contact stress visualization in 
transparent samples and suppression of surface reflection. And treating the metasurface as a physical convolutional 
layer[4], we implement material classification without reconstruction. Our approach outscores conventional RGB imaging 
in these applications, indicating a compact route toward real-world robust imaging and edge AI perception. 
Conclusions 
Our CMOS-compatible HSPI platform enables broadband snapshot high-fidelity 4D imaging. The analysis of CSB theory 
and AI generative optimization provide a methodology applicable to diverse compressive optical systems. Demonstrated 
applications in stress detection, artifact suppression, and material classification indicate a rapid and compact route toward 
scientific imaging and intelligent perception, broadening the dimensionality of vision sensing. 
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transparent samples and suppression of surface reflection. And treating the metasurface as a physical convolutional 
layer[4], we implement material classification without reconstruction. Our approach outscores conventional RGB imaging 
in these applications, indicating a compact route toward real-world robust imaging and edge AI perception. 
Conclusions 
Our CMOS-compatible HSPI platform enables broadband snapshot high-fidelity 4D imaging. The analysis of CSB theory 
and AI generative optimization provide a methodology applicable to diverse compressive optical systems. Demonstrated 
applications in stress detection, artifact suppression, and material classification indicate a rapid and compact route toward 
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Abstract: We present a fabrication-constrained perfectly vertical grating coupler operating at 2-μm wavelength band via 
hybrid continuous-discrete inverse design, achieving -2.17 dB coupling efficiency at 2000 nm and a 1-dB bandwidth of 92 
nm. 
Introduction  
Benefiting from low transmission losses of hollow-core photonic bandgap fibers [1] and broad gain bandwidth of thulium-
doped fiber amplifiers [2], the 2-μm waveband has become a promising communication band. Due to the mode field 
diameter mismatch, efficient fiber-to-chip coupling remains a key challenge for 2-μm waveband photonic integrated circuits 
(PICs) [3]. Edge couplers (ECs) can achieve high coupling efficiency and broad bandwidth, but suffer from the constrains 
of post processing and fixed coupling position [4]. Grating couplers (GCs) support wafer-level testing and flexible placement 
with limitations including high coupling loss and narrow bandwidth [5]. Perfectly vertical grating couplers (PVGCs) are 
attractive for large-scale PICs due to their low packaging complexity and ease of integration [6]. In this work, a hybrid 
continuous-discrete inverse design method was proposed to optimize the heights of individual grating segments of PVGC, 
achieving a peak coupling efficiency of -2.13 dB at 1979 nm, and 1-dB bandwidth of 91 nm numerically. 
Grating Coupler Structure and Inverse Design Principle 
The optimized grating coupler is implemented on a standard 220-nm silicon-on-insulator (SOI) platform, as illustrated in 
Fig. 1 (a). Both the buried oxide layer and top cladding layer have a thickness of 3 μm. The grating region is divided into N 
= 100 segments with a fixed segment length of 100 nm, giving a total grating length of 10 μm. Each segment height is 
restricted to one of three physical levels, 0 nm, 150 nm, and 220 nm for fabrication process compatibility after optimization. 
A standard single-mode fiber is placed normal to the chip surface at the centre of the grating region. 

 
 

(a) (b) 

Fig. 1 (a) 2D cross-section view of the perfectly vertical GC with design variables. (b) Flow chart of the 

continuous-discrete hybrid inverse design method. 
The proposed design flow combines a continuous-discrete adjoint method stage with a discrete heuristic refinement stage, 
as shown in Fig. 1(b). The performance of the designed grating coupler is evaluated using 2D finite-difference time domain 
(2D FDTD) and verified by 3D FDTD. In the first stage, the height of the i-th grating segment is represented by a normalized 
continuous variable ρi ∈ [0,1]. To map the continuous variables toward three manufacturable, etch levels, a double-
threshold smooth projection is applied as 

𝑃𝑃(𝜌𝜌, 𝜂𝜂) = 𝑡𝑡𝑡𝑡𝑡𝑡ℎ(𝛽𝛽𝛽𝛽) + 𝑡𝑡𝑡𝑡𝑡𝑡ℎ[𝛽𝛽(𝜌𝜌 − 𝜂𝜂)]
𝑡𝑡𝑡𝑡𝑡𝑡ℎ(𝛽𝛽𝛽𝛽) + 𝑡𝑡𝑡𝑡𝑡𝑡ℎ[𝛽𝛽(1 − 𝜂𝜂)] , (1) 

where β controls the steepness of the projection and η is the threshold. With two thresholds η1 and η2, the physical height 

of the i-th segment (Hi) is obtained as 

𝐻𝐻𝑖𝑖 = ℎlow + (ℎmid − ℎlow)𝑃𝑃(𝜌𝜌𝑖𝑖, 𝜂𝜂1) + (ℎhigh − ℎmid)𝑃𝑃(𝜌𝜌𝑖𝑖, 𝜂𝜂2), (2) 

where hlow, hmid, and hhigh correspond to the 0, 150 nm, and 220 nm, respectively. The broadband coupling efficiency 
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performance is evaluated by a weighted figure of merit (FOM), 

FOM =
∑ 𝑊𝑊(𝜆𝜆𝑖𝑖)𝑇𝑇(𝜆𝜆𝑖𝑖)𝑁𝑁𝜆𝜆

𝑖𝑖=1
∑ 𝑊𝑊(𝜆𝜆𝑖𝑖)𝑁𝑁𝜆𝜆

𝑖𝑖=1
, (3) 

where 𝑇𝑇(λ𝑖𝑖) is the coupling efficiency at the i-th sampled wavelength, and 𝑊𝑊(λ𝑖𝑖) is a Gaussian weighting function centred 
at 2 μm over the target bandwidth. The continuous variables are first updated using the adjoint method. During this stage, 
β is gradually increased to enhance discreteness, and small random perturbations are introduced to variables trapped near 
the projection thresholds. 
After the adjoint method stage, well-discretized segments are locked to the nearest allowed height, while poorly discretized 
segments are further optimized by a genetic algorithm. Finally, a simulated annealing (SA) assisted direct binary search 
(DBS) is applied to all discrete segments, allowing the search to escape local optima.  
Simulation Results and Discussions 
The optimized heights of each segment are shown in Fig. 2 (a). All segments are strictly assigned to 0, 150 nm, or 220 nm, 
confirming that the continuous variables are successfully converted into a fabrication-compatible three-level-height 
structure. The aperiodic three-level height profile indicates that the inverse-designed structure enables spatially varying 
control over the local scattering strength and phase response along the propagation direction, rather than relying on a 
conventional periodic Bragg-grating configuration. As shown in Fig. 2(b), the 3D FDTD-simulated spectrum exhibits a peak 
coupling efficiency of -2.13 dB at 1979 nm, while the coupling efficiency remains -2.17 dB at the target wavelength of 2000 
nm. The negligible difference indicates a flat-top spectral response around the 2-μm wavelength band. The 1-dB bandwidth 
is approximately 92 nm around the target wavelength of 2000 nm, demonstrating that the broadband weighted objective 
and subsequent discrete refinement effectively preserve high coupling efficiency over the targeted 2-μm communication 
window. 

  
(a) (b) 

Fig. 2 (a) Optimized structural parameters. (b) 3D FDTD-simulated coupling efficiency spectrum. 
Conclusions 
A hybrid continuous-discrete inverse design method has been developed for a perfectly vertical grating coupler compatible 
with standard fabrication process. The numerically demonstrated 2-μm waveband perfectly vertical grating coupler has a 
coupling efficiency of -2.17 dB at 2000 nm and a 1-dB bandwidth of ~92 nm, making it a promising fiber-to-chip interface 
for broadband 2-μm photonic integrated circuits. 
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at 2 μm over the target bandwidth. The continuous variables are first updated using the adjoint method. During this stage, 
β is gradually increased to enhance discreteness, and small random perturbations are introduced to variables trapped near 
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After the adjoint method stage, well-discretized segments are locked to the nearest allowed height, while poorly discretized 
segments are further optimized by a genetic algorithm. Finally, a simulated annealing (SA) assisted direct binary search 
(DBS) is applied to all discrete segments, allowing the search to escape local optima.  
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confirming that the continuous variables are successfully converted into a fabrication-compatible three-level-height 
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control over the local scattering strength and phase response along the propagation direction, rather than relying on a 
conventional periodic Bragg-grating configuration. As shown in Fig. 2(b), the 3D FDTD-simulated spectrum exhibits a peak 
coupling efficiency of -2.13 dB at 1979 nm, while the coupling efficiency remains -2.17 dB at the target wavelength of 2000 
nm. The negligible difference indicates a flat-top spectral response around the 2-μm wavelength band. The 1-dB bandwidth 
is approximately 92 nm around the target wavelength of 2000 nm, demonstrating that the broadband weighted objective 
and subsequent discrete refinement effectively preserve high coupling efficiency over the targeted 2-μm communication 
window. 
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Fig. 2 (a) Optimized structural parameters. (b) 3D FDTD-simulated coupling efficiency spectrum. 
Conclusions 
A hybrid continuous-discrete inverse design method has been developed for a perfectly vertical grating coupler compatible 
with standard fabrication process. The numerically demonstrated 2-μm waveband perfectly vertical grating coupler has a 
coupling efficiency of -2.17 dB at 2000 nm and a 1-dB bandwidth of ~92 nm, making it a promising fiber-to-chip interface 
for broadband 2-μm photonic integrated circuits. 
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Abstract We propose DBR-mediated non-Hermitian radiation engineering for PCSELs. By controlling the vertical round-
trip phase of reflected radiation, passive leakage is transformed into mode-selective coupling, enabling simultaneous power 
extraction and finite-size mode stabilization. 
 
Introduction 
High-power single-mode semiconductor lasers are highly desired for LiDAR, free-space optical communications, and high-
brightness photonic systems. Photonic-crystal surface-emitting lasers (PCSELs) provide an attractive route toward large-
area coherent emission [1-3]. However, their power scalability is fundamentally constrained by the competition between 
radiation extraction and modal stability. Modes with nearly vanishing radiation loss can exhibit high quality factors, but they 
usually suffer from inefficient power extraction, low slope efficiency, and high lasing threshold. To obtain efficient surface 
emission, previous works mainly focus on increasing emission area or radiation strength, however, competing finite-size 
modes can approach the lasing condition, leading to multimode oscillation and degraded beam quality. 
 
Non-Hermitian radiation engineering 
The design principle is illustrated in Fig. 1. In this work, the leakage channel is converted into a controllable non-Hermitian 
coupling mechanism. The upward radiated wave and the DBR-reflected downward wave interfere with each other after a 
vertical round trip. Therefore, the effective radiation loss experienced by each finite-size mode depends on the phase 
relation between the photonic-crystal radiation and the reflected field. This phase-sensitive process provides a physical 
mechanism for mode-selective loss engineering. When the round-trip phase satisfies a constructive condition for the 
selected fundamental mode, the radiation constant can be enhanced, supporting efficient surface emission. Meanwhile, 
the competing higher-order modes can experience a different radiation phase condition due to their distinct spatial field 
distributions and coupling strengths. As the p-cladding thickness varies, the radiation constants of the fundamental mode 
and the first higher-order mode exhibit clear oscillatory behaviour. This oscillation originates from phase-sensitive non-
Hermitian process. 

 
 

Fig. 1 Non-Hermitian PCSEL design principle. Fig. 2 Numerical analysis of mode-selective non-

Hermitian coupling by 3D-CWT [4-5] 
 

Experimental verification of finite-size mode control 
To verify the proposed strategy, PCSELs with varying non-Hermitian coupling constants were fabricated and characterized. 
The measured spectra and far-field patterns are summarized in Fig. 3. A strong dependence of modal behaviour on p-
cladding thickness is observed, confirming that the vertical radiation phase plays a decisive role in finite-size mode 
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selection. 
For non-optimized phase conditions, the devices exhibit multiple spectral peaks and distorted far-field profiles, indicating 
that competing modes are not sufficiently suppressed. In particular, the presence of fragmented far-field patterns suggests 
that higher-order finite-size modes participate in the lasing process. By contrast, under optimized DBR-mediated non-
Hermitian coupling, the device shows a dominant lasing peak together with a stable single-lobe far-field pattern. This 
transition from multimode and spatially degraded emission to clean single-mode-like operation demonstrates that the 
vertical radiation channel can be deliberately used to control modal competition. 

 
Fig. 3 Experimental verification of finite-size mode control. 

 

Conclusions 
Here we bridge this gap by introducing DBR-mediated vertical radiation engineering, which converts radiation leakage from 

a passive loss channel into a controllable mode-selective coupling mechanism. By tuning the scalable non-Hermitian 

coupling, we control the vertical round-trip phase of the DBR-reflected radiation. This strategy transforms radiation leakage 

from a passive out-coupling loss into a controllable non-Hermitian coupling mechanism for selectively redistributing modal 

losses. 
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that higher-order finite-size modes participate in the lasing process. By contrast, under optimized DBR-mediated non-
Hermitian coupling, the device shows a dominant lasing peak together with a stable single-lobe far-field pattern. This 
transition from multimode and spatially degraded emission to clean single-mode-like operation demonstrates that the 
vertical radiation channel can be deliberately used to control modal competition. 
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Abstract We present methods to engineer and shape spatial coherence in second harmonic generation, including object-
induced coherence synthesis, generation of incoherent vortex and Airy beams, and a nonlinear van Cittert-Zernike theorem 
for pump- and crystal-controlled coherence. 
 
Introduction 
Optical coherence is a central statistical property of light [1], but nonlinear frequency conversion has traditionally been 
discussed mainly with highly coherent laser fields [2]. Here we present a complementary view: spatial coherence itself can 
be engineered during second harmonic generation (SHG). As summarized in Fig. 1, we study two related strategies. The 
first synthesizes desired second harmonic coherence by designing the input speckle ensemble [3]. The second shapes 
the coherence through a nonlinear extension of the van Cittert-Zernike (VCZ) theorem [4,5], where the source distribution 
and nonlinear susceptibility jointly determine the generated coherence. 

 
Fig. 1 Overview of two coherence-control routes in SHG. Upper circle: coherence synthesis from designed speckle 

ensembles. Lower circle: coherence structuring by the fundamental source and nonlinear structure. 

 

Results 

Figure 2(a)-2(d) shows the object-induced coherence synthesis result from the first method. In this experiment, a smiley-

face object illuminated by an incoherent source is represented by 800 retrieved fundamental speckle fields. Each field is 

square-root filtered, converted into a phase-only hologram, and sent to a short 𝜒𝜒(2) crystal for SHG. Although each second 
harmonic frame is random, the averaged intensity gradually reconstructs the smiley face as more frames are accumulated 

(1, 8, 80, and 800 frames), confirming that the object-induced coherence is synthesized at the second harmonic. 

For coherence structuring, the nonlinear VCZ relation shows that second-harmonic coherence is proportional to the 

Fourier transform of the nonlinear source term: 

𝑔𝑔2𝜔𝜔
(1)(Δ𝐫𝐫) ∝ ∫ |𝜒𝜒⊥

(2)(𝛒𝛒)𝐸𝐸𝜔𝜔2 (𝛒𝛒)|
2

𝑒𝑒−𝑖𝑖𝑘𝑘2𝜔𝜔Δ𝐫𝐫∙𝛒𝛒 𝑧𝑧⁄ 𝑑𝑑2𝛒𝛒. 

Here 𝑔𝑔2𝜔𝜔
(1)(Δ𝐫𝐫) is the first-order coherence in the second harmonic at far-field separation Δ𝐫𝐫; 𝛒𝛒 is the source-plane 

coordinate; 𝐸𝐸𝜔𝜔(𝛒𝛒) is the fundamental pump field; 𝜒𝜒⊥
(2)(𝛒𝛒) is the transverse nonlinear susceptibility; 𝑘𝑘2𝜔𝜔 is the SH wave 
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number; and 𝑧𝑧 is the propagation distance. Thus, the second harmonic coherence is set by both the squared pump field 

and the nonlinear pattern. In Figs. 2(e)-2(m), an incoherent elliptic Gaussian pump and an HG03 ferroelectric domain pattern 

make the coherence of the second harmonic follow the Fourier transform of the nonlinear structure, producing Cartesian 

Laguerre-Gaussian coherence. Double-slit measurements with 1-mm PPKTP and 50-mm LBO further show stronger 

fringes in the second harmonic after long propagation, revealing coherence growth. 

 

 
Fig. 2 Main results. (a)-(d) Object-induced coherence synthesis in SHG: accumulated second-harmonic speckle 

intensities from 1, 8, 80, and 800 hologram frames progressively reconstruct a smiley-face coherence pattern. (e) HG03-

patterned nonlinear crystal. (f)-(i) Simulated and measured coherence profiles showing crystal-shaped second harmonic 

coherence. (j)-(m) Double-slit measurements showing stronger second harmonic fringes after long-crystal propagation, 

evidencing coherence growth. 

Conclusions 
Overall, nonlinear optics can synthesize and structure optical coherence. The results demonstrate object-induced 

coherence transfer, crystal-shaped coherence, and propagation-induced coherence growth at the second harmonic. 
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Abstract We investigate two integrated waveguide-coupled semiconductor nanolasers within the framework of non-
Hermitian photonics. This study enables the exploration of nonlinear dynamical regimes and associated phenomena, 
including directional emission control and ultrafast optical switching mechanisms for integrated photonic applications. 
 
Introduction  
Loss engineering in optical systems and coupled resonators has attracted growing interest, though on-chip realization 
demands precise control over the nanodevice properties. Here, we study both the modal properties and the nonlinear 
dynamics of waveguide-coupled nanolasers, a regime with only a few experimental demonstrations in non-Hermitian 
photonics [1,2]. 
 
Phase-coupled nanolaser 
In this work, we investigate the interaction between two integrated semiconductor nanolasers. The InP-based photonic-
crystal nanolasers are distantly coupled through a common silicon-on-insulator waveguide (Fig. 1). The coupled-mode 
analysis of this configuration provides the rate equations for the cavity amplitudes. The coupling phase acquired by the 
light propagating between the two cavities through the waveguide directly governs the coupling regime [3]. 

 

 

Fig. 1 Two waveguide-coupled nanocavities with independent 

loss rates and frequencies (A). Microscope image of two 

coupled III-V nanolasers with integrated gold nanowires for 

frequency tuning (B). 

 
Fig. 2 Top: Constast between the left and right 

emission flux (red and blue respectively), shown 

as a function of the pump powers  P1 and P2. 

Bottom: Output powers as a function of P1, for 

P2=2.5 mW. 

 

Directional light propagation near exceptional points is a promising feature for photonic devices [3]. In our system, it arises 
from the phase difference between the fields emitted by the two cavities into the waveguide and can be controlled through 
the pump powers (Fig. 2). We further explore the impact of stimulated emission, carrier dynamics, and gain saturation on 
the resulting nonlinear and locking regimes. 
 
Nonlinear dynamics and bistability effects 
In coupled laser or resonator systems, the mutual optical feedback between interacting cavities enriches this nonlinear 
response, enabling the system to switch abruptly between a low- and a high-transmission state as a control parameter is 
varied [4]. In our structures, bistability is observed in both emission directions. These bistable behaviors occur when both 
cavities are capable of lasing independently. This static characterization provides valuable insight into the system dynamics, 
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although a complete understanding of the phenomenon will require complementary spectral investigations and dynamic 
characterization of the bistable regime. 
Conclusion 
Waveguide-coupled nanolasers provide a versatile platform for exploring non-Hermitian and nonlinear photonic 
phenomena. The observed directional emission and bistability open promising perspectives for integrated optical routing, 
switching, and memory functionalities [5]. 
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although a complete understanding of the phenomenon will require complementary spectral investigations and dynamic 
characterization of the bistable regime. 
Conclusion 
Waveguide-coupled nanolasers provide a versatile platform for exploring non-Hermitian and nonlinear photonic 
phenomena. The observed directional emission and bistability open promising perspectives for integrated optical routing, 
switching, and memory functionalities [5]. 
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Abstract  
A high-power single-mode distributed feedback (DFB) semiconductor laser with a specific phase-shift grating 
structure and with high-reflection (HR) and anti-reflection (AR) coatings. With grating optimized by genetic algorithm, 
the device enjoys even photon density distribution within the cavity and high margin of threshold gain difference. 

 
Introduction  
The high-power distributed feedback (DFB) laser is widely applied in optical communication, sensor and LiDAR as 
light source. Hence the demands for stable single-mode output, high side mode suppression ratio (SMSR), and high 
slope efficiency are always concerned. While the spatial hole burning comes from inhomogeneous photon density 
distribution within the cavity1. Moreover, introduced random phase from cleaving causes periodically power 
fluctuation among chips along the bar2. These situations have hindered the further improvement of yield. In this paper, 
a grating optimization method based on Genetic Algorithm (GA) is adopted, seeking for the ideal grating structures 
with lower flatness factor and higher gain difference. The results show the flatness of photon density distribution 
within the cavity and power robust among chips is effectively improved. 
Analysis Based on Genetic Algorithm 
The optical field modulation of grating is stated by transfer matrix method (TMM) method3,4. 
Single-mode performance is affected by photon density distribution and threshold gain difference. To evaluate the 
distribution, the flatness factor index (F) is defined1: 

( )( )
2

avg0

1 z dz
L

F I I
L

= − , 

where ( )zI  is the normalized photon intensity along the cavity: 

( ) ( ) ( )2 2
z S RI E z E z= + , 

where｜Es(z)｜and ｜ER(z)｜are the electric field intensities at forward and backward directions. Besides, to 
prevent power fluctuating acutely, the exported design is confined with the photon intensity mean value as 1. The 
smaller the flatness factor is, the more even the photon density distribution will be. The threshold gain margin 
difference is assessed by ΔαLg, extracting from the difference value between main mode and main side mode in 
calculated gain spectrum. In DFB laser, the higher the ΔαLg magnitude is, the higher single-mode yield will be. To 
simulate the cleaving deviation such as non-perpendicular crack and length offset, random phase at facets is 
introduced. And probabilities of crossover and variation are inserted to manipulate the combining and dereferencing 
among the parameters. 
Set up duty, length Lg and inserting position of the grating z0 as the variation to be optimized, importing in GA (Fig. 1). 
During iterating, only if F<0.03 and ΔαLg>1 are fulfilled simultaneously, the structure can pass the filtration. The 
parameters above is settled as a populatio and the pass rate is define as evaluation factor Q.  

 
Fig. 1 Key parameters in grating 

The cavity length L is fixed as 1 mm, period is 200 nm, with 99% high-reflection (HR) and 0.05% anti-reflection (AR) 
coatings. As generations accumulating, Q is going to converge to 0.75 gradually because of the existing of radom 
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shift (Fig.2).  
Device Design 
Shown as Fig. 3, a high-power single-mode DFB lasers employed the optimized grating and a ridge waveguide is 
designed. Considerating application requirement, κLg=0.6 throughtout the work. 
Firstly as a π/2 phase shift inserted, intensity fluctuation is suppressed while the distribution becomes predictable (Fig. 
4(a)(b)). Refering to GA, grating paraments are determined as duty=0.5, Lg=800 mm, z0=1 μm. The design has 
relatively high passing rate, with  mean F as 0.029 and ΔαLg as 8.27. The influence from random phase shifts can 
be availably hold under the structure. By optimizing, the power fluctuation of the device reduces from original ±10 
mW to ±5 mW, while SMSR is maintained as high as 53.6 dB. 

Fig. 4 Quality characteristic analysis of modified grating sturcture. The longitudinal intensity frequency through the 
cavity of uniform grating (a) and single phase shift grating (b). Flatness and gain margin assessment (c). The 

relationship between random phase shifts and yield quality (d). 

Conclusions 
In this work, optimized grating supporting high-power single-mode DFB lasers is established, while GA providing a 
feasible design approach in grating research. By adding a phase shift and adjusting grating paraments such as duty, 
length and inserting position, the optical distribution within cavity becomes more even and the gain difference 
between modes is enhanced.  
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Fig. 2 The statistic data of quality with generations 
increasing, gradually converge at 0.75 after 200 

generations 

 
 
 
 

Fig. 3 The schematic diagram of the HR-AR DFB 
laser with grating structure designed by GA at x-z(a) 

and y-z(b) cross-sections 
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Abstract Hyperspectral imaging enables deterministic selection of quantum dots for precise positioning of nanophotonic 

resonators. Combining spatial and spectral mapping, this technique provides a high device yield with a strong mode 

coupling to the emitter resonance. 

Introduction 

The controlled integration of individual emitters such as semiconductor quantum dots into photonic devices is a key 

requirement for high-quality quantum light sources. We present the principles and practical advantages of hyperspectral 

imaging as a spatial and spectral measurement technique for pre-selecting randomly distributed InAs quantum dots 

suitable for the fabrication of cavity-enhanced quantum light sources in the telecom C-band. Building on recent work 

demonstrating the deterministic placement of circular Bragg grating resonators for emitters at 930 nm, hyperspectral 

imaging enables an overall process accuracy (from pre-selection to device fabrication) of (15 ±  11) nm [1], offering a 

substantial improvement to recent selection strategies relying on probabilistic placement. For 1550 nm, we expect this to 

scale linearly with λ/(2NA) according to the Abbe diffraction limit. 

Fig. 1 Schematic of the setup for hyperspectral imaging. The sample surface and markers are illuminated by a 1550 nm 

LED. Simultaneously, a 730 nm continuous-wave laser excites a large area of the sample. The white-light reflection and 
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QD emission pass through a bandpass filter and is projected onto a CCD screen to localize the quantum dots and 

markers. With a flip mirror, the sample emission is focused on the entrance slit of the spectrometer. Using a motorized 

mounted scan lens, the spectral resolution of the photoluminescence emission can be analyzed strip by strip  

[Adapted from 1]. 

Data Acquisition 
The measurement technique combines wide-field optical microscopy with wavelength-resolved detection, recording a full 
emission spectrum at every spatial pixel. By mapping photoluminescence intensity as a function of both position and 
wavelength, hyperspectral imaging provides a multidimensional dataset that allows precise identification of the location of 
a quantum dot, its emission energy, and its linewidth in a single acquisition. In addition, hyperspectral imaging enables 
automated screening of large areas. A high yield of high-quality devices is ensured by subsequently performed image 
corrections necessary for the accurate placement of cavities keeping emitted photons unpolarized crucial for quantum 
applications. 

Image Distortion and Tilt Correction 
Optical distortions and sample tilt induce significant systematic errors in QD localization. To improve the placement 
accuracy of the CBGs, all camera images are corrected based on Zhang’s method [2] together with a correction of sample 
tilt. Calibration patterns on the sample are used to determine distortion correction parameters while periodic marker fitting 
is applied for tilt correction. Together, these methods enable an overall high device yield of 68% [1], surpassing all 
previously reported techniques [3]. 

Displacement induced Polarization 
Recent studies have shown that a spatial offset of the QD from the circular Bragg grating cavity center is the main source 
of polarization, as it breaks the cylindrical symmetry of the resonator modes [4]. In this context, a placement accuracy of 
≤ 50 nm results in sufficiently low polarization suitable for quantum photonic applications. 

Conclusions 
Hyperspectral imaging transforms quantum-dot device fabrication from a stochastic into a deterministic process. The 
combination of spatial and spectral QD mapping with the image correction enables precise cavity placement and results in 
high fabrication accuracy and device yield. This advantages makes hyperspectral imaging a powerful tool for deterministic 
fabrication of devices for various applications in quantum photonics. 
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QD emission pass through a bandpass filter and is projected onto a CCD screen to localize the quantum dots and 

markers. With a flip mirror, the sample emission is focused on the entrance slit of the spectrometer. Using a motorized 

mounted scan lens, the spectral resolution of the photoluminescence emission can be analyzed strip by strip  

[Adapted from 1]. 

Data Acquisition 
The measurement technique combines wide-field optical microscopy with wavelength-resolved detection, recording a full 
emission spectrum at every spatial pixel. By mapping photoluminescence intensity as a function of both position and 
wavelength, hyperspectral imaging provides a multidimensional dataset that allows precise identification of the location of 
a quantum dot, its emission energy, and its linewidth in a single acquisition. In addition, hyperspectral imaging enables 
automated screening of large areas. A high yield of high-quality devices is ensured by subsequently performed image 
corrections necessary for the accurate placement of cavities keeping emitted photons unpolarized crucial for quantum 
applications. 

Image Distortion and Tilt Correction 
Optical distortions and sample tilt induce significant systematic errors in QD localization. To improve the placement 
accuracy of the CBGs, all camera images are corrected based on Zhang’s method [2] together with a correction of sample 
tilt. Calibration patterns on the sample are used to determine distortion correction parameters while periodic marker fitting 
is applied for tilt correction. Together, these methods enable an overall high device yield of 68% [1], surpassing all 
previously reported techniques [3]. 

Displacement induced Polarization 
Recent studies have shown that a spatial offset of the QD from the circular Bragg grating cavity center is the main source 
of polarization, as it breaks the cylindrical symmetry of the resonator modes [4]. In this context, a placement accuracy of 
≤ 50 nm results in sufficiently low polarization suitable for quantum photonic applications. 

Conclusions 
Hyperspectral imaging transforms quantum-dot device fabrication from a stochastic into a deterministic process. The 
combination of spatial and spectral QD mapping with the image correction enables precise cavity placement and results in 
high fabrication accuracy and device yield. This advantages makes hyperspectral imaging a powerful tool for deterministic 
fabrication of devices for various applications in quantum photonics. 
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Abstract This work takes the advantages of plasmonic metasurfaces and liquid crystal phased arrays to address the key 

issues of insufficient on-chip regulatory parameters and the lack of dynamic programmability for terahertz surface fields. 

Introduction 

In the post-Moore era, on-chip intelligent integrated photonic circuits have emerged as a promising route for next-

generation devices and computing architectures. Surface plasmons confine optical fields to near-field interfaces far below 

the diffraction limit, facilitating the development of novel ultra-compact devices. Additionally, terahertz (THz) surface waves 

can overcome the limitations of weak confinement and high loss in the microwave and visible bands. However, THz surface 

plasmonic devices still face challenges in terms of multiplexing, reconfigurability, and multifunctionality.  

An on-chip coherent synthesis mechanism 

The coherent synthesis mechanism for surface fields is proposed, enabling the remarkable evolution that surface focusing 

from single-frequency excitation to broadband control (>270 GHz), surface vortices from pure-state to interference-state 

excitation (>4 modes), and even from a single field to the simultaneous near-/far-field generation (12 near-/far-field vortices). 

A joint symmetry breaking strategy 

The joint symmetry breaking is fully exploited to realize the on-chip manipulation across multiple dimensions, including 

time, space, frequency, and spin-orbit angular momentum. 

A spatio-temporally programmable modulation technique 

The spatio-temporally programmable modulation technique is proposed based on liquid crystal (LC)-graphene transparent 

electrode integration. The manipulation with multi-level external electric bias drives (n levels) and multi-pixelations (m pixels) 

enables an exponential increase of the surface field states (> nm states). 
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Fig. 1 Schematic diagram of  THz LC-integrated metadevices for broadband on-chip focusing, multi-mode vortex 

generation and encoded surface vortex interference. 

Conclusions 

These works offer transformative potential for cutting-edge applications in intelligent perception, high-density photonic 

communication and computing. 
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Abstract We investigate a silicon slot waveguide integrated with ErOCl nanosheets, achieving a 52.7% confinement factor. 
It has the potential to achieve >1 dB gain within a 10-μm footprint, facilitating ultra-compact on-chip integrated active 
devices. 
Introduction 
Silicon photonics has emerged as a promising platform for high-density optical integration. However, the realization of 
efficient on-chip active devices remains a challenge due to the indirect bandgap of silicon. A widely adopted solution to 
this limitation is the integration of rare-earth ions into waveguide structures, which enables telecom-band absorption and 
amplification. This has facilitated the development of erbium-doped waveguide amplifiers (EDWAs) and lasers (EDWLs) 
[1,2]. Despite this advancement, conventional doping techniques are limited by the relatively low erbium concentrations to 
avoid ion clustering, leading to modest absorption and gain coefficients that require device lengths on the millimeter-to-
centimeter scale. 
Two-dimensional van der Waals erbium oxychloride (ErOCl) has recently emerged as a promising alternative gain medium 
[3]. Owing to the stoichiometric crystalline structure, ErOCl nanosheets exhibit an erbium concentration orders of 
magnitude higher than traditional doped waveguides, demonstrating strong absorption and gain coefficients at C-band 
wavelengths. In this work, we present a heterogeneous integration scheme utilizing a longitudinal slot structure to enhance 
the overlap between the optical field and the low-index ErOCl nanosheets on silicon waveguides. This approach provides 
a route toward ultra-compact active photonic devices with enhanced light-matter interaction. 
Device design 
Conventional integration of two-dimensional materials with photonic waveguides typically relies on evanescent 
coupling, where the nanomaterial is transferred directly onto the waveguide surface. However, this configuration 
suffers from limited mode-field overlap with the active material, restricting the effective light-matter interaction 
strength. To address this limitation, we propose a longitudinal slot architecture that embeds the ErOCl nanosheet 
within the silicon waveguide structure, as shown in Fig. 1. 
The hybrid integration structure can be realized by the following fabrication steps: dry-transferring ErOCl nanosheets onto 
silicon-on-insulator (SOI) substrates; depositing an amorphous silicon (a-Si) capping layer; patterning the hybrid stack by 
inductively coupled plasma (ICP) and focused ion beam (FIB) milling; and final encapsulation with a silicon dioxide (SiO2) 
cladding. 
Simulation results 
The fundamental TM mode profile of the hybrid slot structure is shown in Fig. 2(a). The structure consists of an a-Si capping 
layer (n=3.94), an ErOCl nanosheet (n~1.7), and a crystalline silicon (c-Si, n=3.47) substrate, all surrounded by silicon 
dioxide (n=1.44) cladding. Owing to the significant refractive index contrast between the silicon and the ErOCl layer, the 
fundamental TM mode is predominantly confined within the lower-index ErOCl layer. 
We quantify the light-matter interaction using the active-region confinement factor Γ, defined as the fraction of the optical 
power residing in the ErOCl nanosheet to the total guided power: 

where the numerator integrates the electric field intensity over the ErOCl nanosheet cross-section, and the denominator 
integrates over the entire computational domain. 
Using Lumerical FDE solver, we calculate the confinement factor Γ for the fundamental TM mode at 1536 nm. As shown 
in Fig. 3, when the waveguide width is greater than 520 nm and the ErOCl thickness is greater than 180 nm, the 
fundamental TM mode exhibits a confinement factor exceeding 50% in the active region. For example, for a waveguide 
width of 550 nm with 120-nm c-Si, 200-nm thick ErOCl nanosheet, and a 100-nm a-Si capping layer, the fundamental TM 
mode exhibits a high confinement factor of 52.7% in the active region, significantly surpassing the confinement factors in 
conventional integration schemes, which yield only 13.2% for the fundamental TE mode and 32.7% for the fundamental 
TM mode (Fig. 2(b) and 2(c)). Notably, the total silicon thickness of 220 nm is intentionally chosen for compatibility with 
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standard 220-nm SOI platforms. These results confirm that the longitudinal slot geometry effectively concentrates the 
optical mode within the ErOCl gain medium. 
Based on the reported absorption coefficient of 1934 dB/cm and a gain coefficient exceeding 2000 dB/cm at 1536 nm [3], 
we estimate that a single 10-μm-long ErOCl nanosheet can provide >1 dB of net absorption or optical gain. This 
substantial enhancement in light-matter interaction offers a promising pathway toward ultra-compact, chip-integrated 
active photonic devices. Fabrication of the proposed slot-integrated devices is currently underway, with experimental 
characterization and performance validation expected in the near future. 

Conclusions 
We proposed an ErOCl-integrated silicon slot waveguide that achieves a 52.7% confinement factor in the active region. 
The enhanced light-matter interaction suggests the potential for >1 dB gain within a 10-μm footprint, enabling ultra-compact 
on-chip active photonic devices. 
References 
1 Yang Liu, et al., “A photonic integrated circuit–based erbium-doped amplifier,” Science 376, 1309-1313 (2022). 
2 Yang Liu, et al., “A fully hybrid integrated erbium-based laser,” Nat. Photon. 18, 829–835 (2024). 
3 Shipeng Yao, et al., “New record in optical gain and room-temperature nanolasers in multiple wavelengths in 2D ErOCl 
single crystals,” arXiv preprint arXiv:2512.00731 (2025). 

Zexu Yin received his BS degree from the Department of Physics, Tsinghua University in 2022. He is 

currently pursuing the PhD degree in the Department of Electronic Engineering, Tsinghua University, 

China. His research interests include the integration of two-dimensional erbium compounds in photonic 

chips and their applications in integrated amplifiers and lasers.  

Hao Sun received her MS from the National Institute of Metrology in 2010 and her PhD from Tsinghua 
University in 2015. From 2011 to 2014, she was a visiting doctoral student in Prof. Connie Chang-
Hasnain's group at the University of California, Berkeley. Since 2019, she has been an associate 
researcher in the Department of Electronic Engineering at Tsinghua University. Her research focuses on 
silicon-based nanoscale light sources, on-chip optical amplification, and light-emission control, with 
publications in Nature Photonics, Nature Nanotechnology, Nature Communications, and Light: Science & 
Applications, etc. 
Yidong Huang received her BS and PhD degrees in optoelectronics from Tsinghua University in 1988 
and 1994, respectively. From 1991 to 1993, she was with Arai Laboratories, Tokyo Institute of 
Technology, Japan, and later joined NEC Corporation in 1994. She joined the Department of Electronic 
Engineering, Tsinghua University, in 2003 and was appointed Changjiang Distinguished Professor in 
2005. Her research focuses on nano-structure optoelectronics. She has authored or co-authored more 
than 300 journal and conference papers, and is an international member of the US National Academy of 
Engineering and a fellow of Optica. 
Wei Zhang received his BS and PhD degrees from the Department of Electronic Engineering, Tsinghua 
University, in 1998 and 2003, respectively. He then joined the Institute of Information Optoelectronic 
Technology at Tsinghua University, where he is currently a tenured professor and vice director. His 
research interests include micro/nano-photonic devices, integrated photonic quantum devices, and 
photonic quantum information technologies, especially quantum communications and quantum imaging. 
He has authored or co-authored more than one hundred journal papers and is a senior member of Optica. 

Fig. 1. Waveguide structure. Fig. 2. Simulation results. Fig. 3. Calculated confinement factor. 
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standard 220-nm SOI platforms. These results confirm that the longitudinal slot geometry effectively concentrates the 
optical mode within the ErOCl gain medium. 
Based on the reported absorption coefficient of 1934 dB/cm and a gain coefficient exceeding 2000 dB/cm at 1536 nm [3], 
we estimate that a single 10-μm-long ErOCl nanosheet can provide >1 dB of net absorption or optical gain. This 
substantial enhancement in light-matter interaction offers a promising pathway toward ultra-compact, chip-integrated 
active photonic devices. Fabrication of the proposed slot-integrated devices is currently underway, with experimental 
characterization and performance validation expected in the near future. 

Conclusions 
We proposed an ErOCl-integrated silicon slot waveguide that achieves a 52.7% confinement factor in the active region. 
The enhanced light-matter interaction suggests the potential for >1 dB gain within a 10-μm footprint, enabling ultra-compact 
on-chip active photonic devices. 
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Abstract 
We propose a non-local holographic structured-illumination super-resolution concept for integrated-circuit micro- and 
nanoscale structure measurement, exploring SIM-based frequency translocation for high-frequency information acquisition 
over larger fields of view and depths of field. 

Introduction 
As integrated circuit manufacturing continues to advance toward smaller feature sizes, the demand for high-precision and 
large-area measurement of micro- and nanoscale structures has become increasingly prominent. Conventional optical 
microscopic measurement is constrained by the diffraction limit, making further improvement of lateral resolution difficult. 
Structured illumination microscopy (SIM) can achieve an approximately two-fold improvement in spatial resolution through 
a frequency-domain translocation mechanism. However, typical SIM implementations rely on high-numerical-aperture and 
high-magnification microscope objectives, leading to a small practical field of view and limited depth of field. These 
characteristics make conventional SIM difficult to directly adapt to large-area, high-throughput, and three-dimensionally 
tolerant inspection in integrated circuit manufacturing. 

Principle of Structured-Illumination-Based Super-Resolution 
The core principle of SIM is to illuminate the specimen with a structured pattern of known spatial frequency. For a sinusoidal 
illumination pattern, the intensity distribution can be written as 

𝐼𝐼𝜃𝜃,ϕ(𝑟𝑟) = 𝐼𝐼0 [1 − 𝑚𝑚
2 cos( 2𝜋𝜋𝑝𝑝𝜃𝜃 ⋅ 𝑟𝑟 + ϕ)] 

where 𝑟𝑟 = (𝑥𝑥, 𝑦𝑦) denotes the spatial position, 𝑝𝑝𝜃𝜃 is the illumination spatial frequency vector, ϕ is the phase shift, and 𝑚𝑚 

is the modulation factor. Under such structured illumination, the detected image can be modeled as 

𝐷𝐷𝜃𝜃,ϕ(𝑟𝑟) = [𝑆𝑆(𝑟𝑟)𝐼𝐼𝜃𝜃,ϕ(𝑟𝑟)] ⊗ 𝐻𝐻(𝑟𝑟) + 𝑁𝑁(𝑟𝑟) 

Where 𝑆𝑆(𝑟𝑟) is the specimen distribution, 𝐻𝐻(𝑟𝑟) is the point spread function of the imaging system, and 𝑁𝑁(𝑟𝑟) denotes 

additive noise. This expression indicates that the specimen is first modulated by the structured illumination in the spatial 

domain and then blurred by the optical system. 

In the frequency domain, the modulation produces a mixing effect between the specimen spectrum and the illumination 

frequency. The Fourier transform of the detected image can be expressed as 

𝐷̃𝐷 ∗ 𝜃𝜃, ϕ(𝑘𝑘) = [𝑆̃𝑆(𝑘𝑘) − 𝑚𝑚
2 𝑆̃𝑆(𝑘𝑘 − 𝑝𝑝 ∗ 𝜃𝜃)𝑒𝑒−𝑖𝑖ϕ − 𝑚𝑚

2 𝑆̃𝑆(𝑘𝑘 + 𝑝𝑝𝜃𝜃)𝑒𝑒𝑖𝑖ϕ] 𝐻̃𝐻(𝑘𝑘) + 𝑁̃𝑁(𝑘𝑘)

This equation shows that the captured spectrum contains not only the central component 𝑆̃𝑆(𝑘𝑘), but also two shifted 
components 𝑆̃𝑆(𝑘𝑘 − 𝑝𝑝𝜃𝜃) and 𝑆̃𝑆(𝑘𝑘 + 𝑝𝑝𝜃𝜃). Therefore, high-frequency information of the specimen that originally lies beyond 
the cut-off range of the optical transfer function can be translocated into the observable frequency band through structured 
illumination. By acquiring images with multiple phase shifts and orientations, these translocated frequency components 
can be separated and restored to their original positions in reciprocal space, thereby improving the lateral resolution beyond 
the limit of conventional wide-field imaging. 

Proposed Holographic Structured Illumination Approach 
To address the small field of view and limited depth of field of conventional SIM, this work proposes a holographic 
structured-illumination super-resolution concept for non-local measurement scenarios. In the proposed approach, 
interference fringes are employed as structured illumination with a known spatial frequency. Compared with projection-
based structured illumination, interference fringes can maintain relatively stable fringe contrast and spatial periodicity over 
a larger spatial range, enabling structured illumination modulation over a larger field of view and an extended depth of field. 
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The proposed method still follows the fundamental super-resolution mechanism of SIM. Holographic interference fringes 
provide a known spatial frequency to translocate high-frequency structural information of the specimen into a lower-
frequency band, allowing it to be acquired by an imaging system with a lower numerical aperture or a larger field of view. 
Unlike conventional high-NA fluorescence SIM, which is mainly oriented toward localized microscopic imaging, holographic 
structured illumination offers design flexibility in fringe period and modulation range. This may improve high-frequency 
information acquisition for micro- and nanoscale structures while maintaining a relatively large field of view and depth of 
field. 

Fig. 1  Frequency translocation mechanism in SIM Fig. 2  Conceptual illustration of non-local holographic 

structured illumination for micro- and nanoscale structure 

measurement. 
Conclusions 

This work proposes a non-local holographic structured-illumination super-resolution concept for integrated-circuit micro- 

and nanoscale structure measurement. Based on the frequency translocation mechanism of SIM, the proposed method 

attempts to extend the effective modulation range of structured illumination using holographic interference fringes, thereby 

mitigating the field-of-view and depth-of-field limitations of conventional high-NA microscopic SIM.  
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The proposed method still follows the fundamental super-resolution mechanism of SIM. Holographic interference fringes 
provide a known spatial frequency to translocate high-frequency structural information of the specimen into a lower-
frequency band, allowing it to be acquired by an imaging system with a lower numerical aperture or a larger field of view. 
Unlike conventional high-NA fluorescence SIM, which is mainly oriented toward localized microscopic imaging, holographic 
structured illumination offers design flexibility in fringe period and modulation range. This may improve high-frequency 
information acquisition for micro- and nanoscale structures while maintaining a relatively large field of view and depth of 
field. 

Fig. 1  Frequency translocation mechanism in SIM Fig. 2  Conceptual illustration of non-local holographic 

structured illumination for micro- and nanoscale structure 

measurement. 
Conclusions 

This work proposes a non-local holographic structured-illumination super-resolution concept for integrated-circuit micro- 

and nanoscale structure measurement. Based on the frequency translocation mechanism of SIM, the proposed method 

attempts to extend the effective modulation range of structured illumination using holographic interference fringes, thereby 

mitigating the field-of-view and depth-of-field limitations of conventional high-NA microscopic SIM.  
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Abstract We demonstrate a coating-free 10.55 µm DFB quantum-cascade laser with an asymmetric phase shift. The 
device combines low-power operation with enhanced single-facet output, improved reproducibility, and stable single-mode 
emission for SF₆ sensing applications. 

Introduction 
Distributed-feedback quantum-cascade lasers (DFB-QCLs) are attractive light sources for trace-gas spectroscopy because 
they provide wavelength-selective emission within strong molecular absorption bands. For SF₆ sensing near 10.55 µm, 
stable single-mode operation, sufficient output power, and low-power performance are required. While the DFB grating 
selects the lasing mode, selected-facet output still requires coatings, which provide the cost of possible reliability concerns 
at long mid-infrared wavelengths. 
Here we demonstrate a coating-free 10.55 µm DFB-QCL with an asymmetric phase shift. By tailoring the longitudinal field 
distribution, the design enhances selected-facet output while maintaining low-threshold operation and improving device 
reproducibility. 

Design and Simulation 
For coating-free DFB-QCL, high selected-facet output cannot be imposed by facet coatings and must instead be controlled 
by the internal cavity design. We therefore investigated how the phase-shift position modifies the longitudinal mode and 
output distribution. A transfer-matrix model was used to scan the normalized phase-shift position and evaluate the threshold 
gain, selected-facet output fraction, side-mode selectivity, and field nonuniformity. 
The simulation shows that moving the phase shift away from the cavity center can substantially enhance the right-facet 
output fraction. Among the scanned positions, an asymmetric phase shift at 0.20L provides a favorable balance: it gives 
high selected-facet output while maintaining low normalized threshold gain. Compared with the center-QWS design, it also 
avoids severe field localization. However, this output enhancement is obtained at the cost of reduced side-mode selectivity 
and increased field nonuniformity compared with the uniform DFB structure. 
Facet-phase ensemble simulations were further used to assess the robustness of the coating-free design. The 0.20L 
asymmetric-phase-shift structure shows smaller variations in the calculated optical metrics than the uniform DFB cavity, 
indicating reduced sensitivity to cleaved-facet phase uncertainty. These results suggest that the asymmetric phase shift 
provides an effective route to high single-facet output and improved reproducibility in coating-free DFB-QCLs. 

Fig. 1 Simulated phase-shift design for coating-free DFB-QCLs. (a) Uniform, center-QWS, and 

asymmetric-QWS grating configurations. (b) Dependence of output fraction, side-mode selectivity, and 

field nonuniformity on the phase-shift position. (c) Coefficient of variation of optical metrics under facet-

phase ensemble simulations. 

Device Characterization 
Uniform DFB-QCLs and asymmetric-QWS DFB-QCLs were fabricated and characterized under the same conditions. Both 
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structures exhibit low and comparable threshold currents, which can be attributed to the large-κL grating design and the 
resulting strong distributed feedback. In contrast, the asymmetric-QWS device shows higher selected-facet output power, 
with the representative peak power increasing from 53.6 mW to 60.4 mW. 
Multi-device measurements further confirm the advantage of the asymmetric-QWS design. While the threshold current 
remains nearly unchanged, the selected-facet slope efficiency and peak output power are increased. The smaller spread 
of the measured data also indicates improved device reproducibility, consistent with the simulated reduction in facet-phase 
sensitivity.  
Temperature-dependent spectra confirm stable single-mode emission over the measured range. The emission 
wavenumber shifts from 947.525 to 944.587 cm⁻¹ as the temperature increases from 5 to 45 °C, covering the spectral 
region relevant to SF₆ absorption. These results verify that the coating-free asymmetric-QWS DFB-QCL combines low-
threshold operation, enhanced selected-facet output, improved reproducibility, and stable single-mode emission. 

Fig.2 Experimental characterization of coating-free DFB-QCLs. (a) LIV curves of uniform and asymmetric-

QWS devices. (b) Multi-device comparison of threshold current, selected-facet slope efficiency, and peak 

output power, normalized to the uniform DFB mean. (c) Temperature-dependent single-mode spectra of 

the asymmetric-QWS device. 

Conclusions 
We demonstrated a coating-free 10.55 µm DFB-QCL with an asymmetric phase shift for SF₆ sensing. The asymmetric 
phase shift enhances selected-facet output and improves device reproducibility without compromising low-threshold 
operation. Stable single-mode emission near the SF₆ absorption region further supports this design as a practical approach 
for compact mid-infrared gas sensing. 
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structures exhibit low and comparable threshold currents, which can be attributed to the large-κL grating design and the 
resulting strong distributed feedback. In contrast, the asymmetric-QWS device shows higher selected-facet output power, 
with the representative peak power increasing from 53.6 mW to 60.4 mW. 
Multi-device measurements further confirm the advantage of the asymmetric-QWS design. While the threshold current 
remains nearly unchanged, the selected-facet slope efficiency and peak output power are increased. The smaller spread 
of the measured data also indicates improved device reproducibility, consistent with the simulated reduction in facet-phase 
sensitivity.  
Temperature-dependent spectra confirm stable single-mode emission over the measured range. The emission 
wavenumber shifts from 947.525 to 944.587 cm⁻¹ as the temperature increases from 5 to 45 °C, covering the spectral 
region relevant to SF₆ absorption. These results verify that the coating-free asymmetric-QWS DFB-QCL combines low-
threshold operation, enhanced selected-facet output, improved reproducibility, and stable single-mode emission. 

Fig.2 Experimental characterization of coating-free DFB-QCLs. (a) LIV curves of uniform and asymmetric-

QWS devices. (b) Multi-device comparison of threshold current, selected-facet slope efficiency, and peak 

output power, normalized to the uniform DFB mean. (c) Temperature-dependent single-mode spectra of 

the asymmetric-QWS device. 

Conclusions 
We demonstrated a coating-free 10.55 µm DFB-QCL with an asymmetric phase shift for SF₆ sensing. The asymmetric 
phase shift enhances selected-facet output and improves device reproducibility without compromising low-threshold 
operation. Stable single-mode emission near the SF₆ absorption region further supports this design as a practical approach 
for compact mid-infrared gas sensing. 
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Abstract A DBR-enhanced Ge/GaAs UTC photodiode is numerically investigated for 1550 nm detection, achieving 54 
GHz bandwidth, 0.5 A/W responsivity and 117 nA dark current, indicating a scalable, lower-cost route for high-speed 
photonic receivers at C-band. 
Introduction 
Uni-travelling-carrier photodiodes (UTC-PDs) are key devices for C-band optical receivers, microwave photonics and sub-
terahertz generation because their carrier transport is dominated by electrons rather than holes. This unipolar transport 
scheme suppresses hole-induced transit-time delay and mitigates space-charge effects, enabling high-speed operation 
[1,2]. A persistent challenge, however, is to achieve high responsivity, low dark current and large 3-dB bandwidth on a 
material platform that is scalable beyond costly InP substrates. Ge/Si UTC-PDs are compatible with silicon photonics, but 
their bandwidth and responsivity are constrained by the lower electron mobility of Si relative to III-V collector materials [3,4]. 
Here, we numerically investigate a front-illuminated Ge/GaAs UTC-PD for 1550 nm operation. Ge is selected as the C-
band absorption layer, whereas GaAs provides a high-mobility electron-collection layer. The small lattice mismatch 
between Ge and GaAs further supports the formation of high-quality heterostructures. By integrating a GaAs/AlGaAs 
distributed Bragg reflector (DBR), the design aims to improve absorption without increasing carrier transit length, thereby 
addressing the responsivity-bandwidth trade-off on a potentially scalable platform [5,6]. 

Device Design and Simulation Method 
The device consists of a p-type Ge absorption region and an n-type GaAs collection region. The Ge stack includes a 
heavily doped anode contact, a diffusion-barrier layer, a graded p-type absorption region and an undoped Ge layer. The 
graded doping profile establishes a quasi-electric field that assists electron transport toward the GaAs collector. At the 
heterointerface, a 10 nm undoped Al0.05Ga0.95As spacer mitigates band discontinuity, while a 10 nm n-doped GaAs cliff 
layer enhances the local electric field and promotes electron injection into the 150 nm undoped GaAs collection layer [1,2]. 
The cathode side incorporates a ten-pair GaAs/Al0.8Ga0.2As DBR. In the front-illuminated configuration, the DBR reflects 
unabsorbed 1550 nm light back into the Ge absorber, increasing the effective optical path length while leaving the electrical 
transit distance unchanged. This optical-recycling strategy is preferable to simply thickening the absorber, which would 
increase absorption at the expense of speed [7,8]. Optical generation was calculated using ANSYS Lumerical FDTD and 
imported into CHARGE simulations to extract dark current, photocurrent, responsivity, electric-field profiles and small-
signal frequency response for circular devices with diameters of 5-8 µm. 

Figure 1. Schematic of the proposed Ge/GaAs UTC-PD. (a) Cross-sectional structure showing the layer sequence, 

thicknesses, doping levels and materials. (b) Three-dimensional schematic of the circular front-illuminated device. 

Results and Discussion 
The simulated band and electric-field profiles indicate that the spacer and cliff layers smooth the Ge/GaAs heterointerface 

and sustain a strong reverse-bias field across the active region. At -2 V, the 5 µm-diameter device achieves a 3-dB 

bandwidth of 54 GHz, a photocurrent of 2.25 mA, a responsivity of 0.5 A/W and a dark current of 117 nA. Increasing the 
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diameter from 5 to 8 µm raises the responsivity from 0.5 to 0.7 A/W and the photocurrent from 2.25 to 2.89 mA, while 

reducing the bandwidth from 54 to 30 GHz because of the larger capacitance and active area. The DBR contribution is 

substantial: for the 5 µm device, responsivity increases from 0.176 A/W without DBR to 0.5 A/W with DBR, and photocurrent 

increases from 0.89 to 2.25 mA. Relative to a previously reported vertical Ge/GaAs photodetector, the simulated bandwidth 

and responsivity indicate a clear design-level improvement [5]. 

Table 1. Simulated performance of Ge/GaAs UTC-PDs with and without DBR layers at 1550 nm under -2 V bias. 

Bias voltage -2 V 5 µm 6 µm 7 µm 8 µm 

With DBR layers 
Photocurrent (mA) 2.25 2.39 2.62 2.89 

Responsivity (A/W) 0.5 0.53 0.59 0.7 

Without DBR layers 
Photocurrent (mA) 0.89 1.01 1.08 1.12 

Responsivity (A/W) 0.176 0.193 0.235 0.248 

Conclusions 
A DBR-enhanced front-illuminated Ge/GaAs UTC-PD has been numerically evaluated for 1550 nm operation. The 

simulations show that optical recycling through the GaAs/AlGaAs DBR improves responsivity without increasing carrier 

transit length, enabling the 5 µm device to reach 54 GHz 3-dB bandwidth and 0.5 A/W responsivity at -2 V. Across 5-8 µm 

diameters, the design offers a controllable trade-off between speed and sensitivity, with the 8 µm device reaching 0.7 A/W 

responsivity. These results support Ge/GaAs as a credible material system for lower-cost high-speed photodetectors and 

provide a basis for subsequent epitaxial growth, fabrication and waveguide-coupled UTC-PD development. 
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diameter from 5 to 8 µm raises the responsivity from 0.5 to 0.7 A/W and the photocurrent from 2.25 to 2.89 mA, while 

reducing the bandwidth from 54 to 30 GHz because of the larger capacitance and active area. The DBR contribution is 

substantial: for the 5 µm device, responsivity increases from 0.176 A/W without DBR to 0.5 A/W with DBR, and photocurrent 

increases from 0.89 to 2.25 mA. Relative to a previously reported vertical Ge/GaAs photodetector, the simulated bandwidth 

and responsivity indicate a clear design-level improvement [5]. 

Table 1. Simulated performance of Ge/GaAs UTC-PDs with and without DBR layers at 1550 nm under -2 V bias. 
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Without DBR layers 
Photocurrent (mA) 0.89 1.01 1.08 1.12 
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Conclusions 
A DBR-enhanced front-illuminated Ge/GaAs UTC-PD has been numerically evaluated for 1550 nm operation. The 

simulations show that optical recycling through the GaAs/AlGaAs DBR improves responsivity without increasing carrier 

transit length, enabling the 5 µm device to reach 54 GHz 3-dB bandwidth and 0.5 A/W responsivity at -2 V. Across 5-8 µm 

diameters, the design offers a controllable trade-off between speed and sensitivity, with the 8 µm device reaching 0.7 A/W 

responsivity. These results support Ge/GaAs as a credible material system for lower-cost high-speed photodetectors and 

provide a basis for subsequent epitaxial growth, fabrication and waveguide-coupled UTC-PD development. 
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Abstract A modified Synchrosqueezing transform is applied to time-stretched coherent LiDAR, realizing high time-
frequency resolution and cone of influence mitigation at frequency transition point. Dispersion-limited lateral resolution and 
accurate phase change extraction along frequency ridge is realized simultaneously. 
Introduction 
Time-stretch spectral interferometry enables ultrafast 3D imaging by encoding spatial information into a broadband 
spectrum and mapping it to a temporal waveform via dispersive Fourier transformation (DFT) [1, 2]. However, extracting 
the interference frequency using the standard short-time Fourier transform (STFT) introduces a Heisenberg uncertainty-
dictated trade-off, while widening the temporal window improves frequency resolution but inherently degrades temporal 
resolution [3]. This compromise is especially severe when interrogating targets with abrupt topographies. Alternative 
derivative-based methods like the Hilbert transform avoid windowing but are hypersensitive to noise and fail on non-
stationary signals due to phase singularities. 
To overcome these fundamental limitations, we present an ultrafast Synchrosqueezing transform (SST)-enabled phase-
sensitive time-stretch light detection and ranging (LiDAR) system. SST sharpens time-frequency representations by 
reassigning energy to precise instantaneous frequency ridges, effectively decoupling axial and lateral resolution constraints 
[4, 5]. Furthermore, to eliminate spectral blurring caused by the cone of influence (COI) at sharp frequency transitions in 
standard SST, we modified algorithm to dynamically reallocate the wavelet. This approach ensures that the time-frequency 
representation maintains high spectral sparsity even at the boundaries of transition, effectively laying a solid foundation for 
precise phase extraction along the frequency ridges. By performing quantitative phase imaging (QPI) along these 
continuous frequency ridges, we experimentally achieved an axial resolution of 10.79 nm (theoretical 4.70 nm) and a lateral 
resolution of 88.39 µm at a 30.72-MHz linescan rate. This approach successfully circumvents the conventional resolution 
trade-off. This integration of ultrafast speed and high precision opens up new avenues for the high-definition 3D inspection 
of complex industrial and biological surfaces.  
Experimental Setup and Working Principle of Modified SST 
The schematic diagram of the proposed time-stretch spectral scanning LiDAR is shown in Fig. 1(a). The setup consists of 
three parts. In the laser generation part, a tailor-built dissipative soliton fiber laser operates a self-starting nonlinear 
polarization evolution (NPE) with steep spectral edges and large frequency chirps, providing a 20.86-nm 3-dB optical 
bandwidth and a 30.72-MHz repetition rate. The time-stretch processor is comprised by a dispersion compensating module 
(DCM) with a total dispersion coefficient of -1338.04 ps/nm. The stretched pulse is subsequently amplified by a picosecond 
pulse EDFA (AEDFA-PS-01-1000-23-B-FA, Amonics), maintaining low peak power to suppress nonlinear effects. In the 
Michelson interferometer, the laser light is split into two arms by a beam splitter. A transmission grating (T-940CL,

Lightsmyth, 940.07 grooves/mm) serves as the spatial disperser in the measurement arm, while the laser beam is directly 
reflected by a mirror in the reference arm. After wavefront reflection by a 500-mm focal length plano-convex lens, the light 
from the target recombines with the reference beam at the beam splitter and is coupled back into the single-mode fiber 

Fig. 1 (a) Schematic diagram of the proposed time-stretch LiDAR with tailor-built dissipative soliton fiber laser source. (b) Comparison of 
STFT, SST and modulated SST for frequency extraction on simulated time-varying frequency signal. 
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(SMF) via the collimator. The combined signals then interfere at a 25-GHz bandwidth photodetector (UPD-15-IP2-FC, 
ALPHALAS). The interference signal is converted into an electronic signal and digitized by a high-speed oscilloscope 
(MSO73304DX, Tektronix). 
In the SST-based frequency extraction stage, the interference signal first goes through the continuous wavelet transform 
(CWT) of the acquired temporal signal s(t), defined as 𝑊𝑊𝑠𝑠(𝑎𝑎, 𝑏𝑏) = ∫ 𝑠𝑠(𝑡𝑡)𝑎𝑎−

1
2𝜓𝜓(𝑡𝑡−𝑏𝑏𝑎𝑎 )𝑑𝑑𝑑𝑑, where 𝜓𝜓 is an appropriately chosen

mother wavelet, a is the scale factor, and b is the translation factor. It is then transferred from the time-scale plane to the 
time-frequency plane by reassigning the diffused energy to intrinsic instantaneous frequency ridges. The continuous 
version of the SST is expressed as 𝑇𝑇𝑠𝑠(𝜔𝜔, 𝑏𝑏) = ∫ 𝑊𝑊𝑠𝑠(𝑎𝑎, 𝑏𝑏)𝑎𝑎−

3
2𝛿𝛿(𝜔𝜔(𝑎𝑎, 𝑏𝑏) − 𝜔𝜔)𝐴𝐴(𝑏𝑏) 𝑑𝑑𝑑𝑑, where A(b) = {a; Ws(a,b)≠0} and 𝛿𝛿 is the

Dirac delta distribution. To mitigate COI, we modified the SST by estimating the changing point and reallocating the wavelet 
to avoid it to be positioned at the frequency transition point, as shown in Fig. 1(b). 
Experimental Results and Discussions 
As a proof of concept, a USAF 1951 resolution test chart was used as target. Based on the grating and lens parameters, 
the theoretical lateral resolution, limited by the spatial dispersion, is calculated to be 111.56 µm. Fig. 2(a) depicts a 3D 
image of line pairs from group 0 to group 3 was acquired by performing QPI along the SST-extracted frequency ridge while 
using a 5-µm step-size translation stage for the orthogonal direction. As shown in Fig. 2(b), the system achieves an 88.39-
µm lateral resolution, since the line pairs are considered to be indistinguishable when the contrast drops below 15%, while 
150-nm thickness coating resolvable through the colorbar. To further evaluate the ultimate axial resolution limit of the
proposed system, we probed a home-made target with a 10-nm-thick silver coating, as shown in Fig. 2(d). The phase-
based reconstruction shows an averaged step height of 12.63 nm, while a parallel measurement conducted by a
commercial mechanical step profiler exhibits an averaged step height of 10.79 nm, as shown in Fig. 2(c). The 1.84-nm
discrepancy shows a high measurement accuracy comparing to the 4.70-nm theoretical axial resolution.

Fig. 2 (a) 3D imaging result of USAF 1951 resolution test chart. (b) Surface relief profile of the slits located at element 4 

from group 2. (c) Cross-sectional depth profiles and corresponding depth histograms of the target, measured by the 

proposed LiDAR system (top, purple) and a commercial step profiler (bottom). (d) Optical micrograph of the fabricated 

target. 
Conclusions 
A modified SST is proposed to break the trade-off between axial resolution and lateral resolution in the time-stretched 
coherent LiDAR for the first time. The experimental results demonstrate a 30.72-MHz ultrafast imaging capability with 
88.39-µm lateral resolution and 10.79-nm axial resolution, validating the high-fidelity performance of the proposed system 
in both dimensions, paving the way for high-definition, real-time 3D inspection of intricate industrial components and 
dynamic biological surfaces. 
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(SMF) via the collimator. The combined signals then interfere at a 25-GHz bandwidth photodetector (UPD-15-IP2-FC, 
ALPHALAS). The interference signal is converted into an electronic signal and digitized by a high-speed oscilloscope 
(MSO73304DX, Tektronix). 
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1
2𝜓𝜓(𝑡𝑡−𝑏𝑏𝑎𝑎 )𝑑𝑑𝑑𝑑, where 𝜓𝜓 is an appropriately chosen

mother wavelet, a is the scale factor, and b is the translation factor. It is then transferred from the time-scale plane to the 
time-frequency plane by reassigning the diffused energy to intrinsic instantaneous frequency ridges. The continuous 
version of the SST is expressed as 𝑇𝑇𝑠𝑠(𝜔𝜔, 𝑏𝑏) = ∫ 𝑊𝑊𝑠𝑠(𝑎𝑎, 𝑏𝑏)𝑎𝑎−

3
2𝛿𝛿(𝜔𝜔(𝑎𝑎, 𝑏𝑏) − 𝜔𝜔)𝐴𝐴(𝑏𝑏) 𝑑𝑑𝑑𝑑, where A(b) = {a; Ws(a,b)≠0} and 𝛿𝛿 is the

Dirac delta distribution. To mitigate COI, we modified the SST by estimating the changing point and reallocating the wavelet 
to avoid it to be positioned at the frequency transition point, as shown in Fig. 1(b). 
Experimental Results and Discussions 
As a proof of concept, a USAF 1951 resolution test chart was used as target. Based on the grating and lens parameters, 
the theoretical lateral resolution, limited by the spatial dispersion, is calculated to be 111.56 µm. Fig. 2(a) depicts a 3D 
image of line pairs from group 0 to group 3 was acquired by performing QPI along the SST-extracted frequency ridge while 
using a 5-µm step-size translation stage for the orthogonal direction. As shown in Fig. 2(b), the system achieves an 88.39-
µm lateral resolution, since the line pairs are considered to be indistinguishable when the contrast drops below 15%, while 
150-nm thickness coating resolvable through the colorbar. To further evaluate the ultimate axial resolution limit of the
proposed system, we probed a home-made target with a 10-nm-thick silver coating, as shown in Fig. 2(d). The phase-
based reconstruction shows an averaged step height of 12.63 nm, while a parallel measurement conducted by a
commercial mechanical step profiler exhibits an averaged step height of 10.79 nm, as shown in Fig. 2(c). The 1.84-nm
discrepancy shows a high measurement accuracy comparing to the 4.70-nm theoretical axial resolution.

Fig. 2 (a) 3D imaging result of USAF 1951 resolution test chart. (b) Surface relief profile of the slits located at element 4 

from group 2. (c) Cross-sectional depth profiles and corresponding depth histograms of the target, measured by the 

proposed LiDAR system (top, purple) and a commercial step profiler (bottom). (d) Optical micrograph of the fabricated 

target. 
Conclusions 
A modified SST is proposed to break the trade-off between axial resolution and lateral resolution in the time-stretched 
coherent LiDAR for the first time. The experimental results demonstrate a 30.72-MHz ultrafast imaging capability with 
88.39-µm lateral resolution and 10.79-nm axial resolution, validating the high-fidelity performance of the proposed system 
in both dimensions, paving the way for high-definition, real-time 3D inspection of intricate industrial components and 
dynamic biological surfaces. 
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Abstract Spatially entangled photons can be generated by spontaneous parametric down conversion using structured 
nonlinear crystals and shaped pump beams. These biphotons are then used in quantum key distribution, in super-resolved sensing 
and in quantum computation. 

In the process of spontaneous parametric down conversion, a pump photon spontaneously splits inside a quadratic nonlinear 
crystal to signal and idler photons. By either structuring the nonlinear coefficient of a crystal or by shaping the pump beam, it is 
possible to control the correlations of the down-converted signal and idler photons in different degrees of freedom. In my 
presentation, I will focus on generation and application of spatially encoded entangled photons.  
Specifically, we have fabricated structured nonlinear crystals for direct generation of spatially entangled signal-idler pairs, 
including a bi-photon Bell state in the Hermite-Gauss basis [Science Advances 9, eade7968 (2023)]. Alternatively, by 
shaping the pump beam, we generated bi-photon qubits and qutrits in the Laguerre-Gauss basis. The bi-photon qutrit was 
used to demonstrate three-dimensional entanglement-based quantum key distribution [Optica Quantum 4, 179-188 (2026)], as 
illustrated in Fig. 1. 
Shaped pump beams were also used for generating high brightness N00N states [Optics Express 30, 21535-21543 (2022)], 
which were then used for super-resolved quantum rotation sensing [APL Photonics 9, 106116 (2024), Lasers and Photonics 
Reviews e020709 (2026)]. Here we used two opposite spiral phase plates with topological charge of up to 128 in order to convert 
mechanical rotation to wavefront phase shift, enabling to obtain, using a 4-photon state, up to 4x128=512-fold improvement in 
resolution, see Fig. 2.   
Finally, I will also briefly discuss the advantages of using spatial optical qudits for realizing quantum computing algorithms. 
In this case, a multiplane light converter can be used to perform arbitrary unitary transformations of different spatial qudits, 
and the inner product of the final state with the base vectors can be realized by spatial light modulator and optical Fourier 
transformation with a lens. 

Fig. 1 Encrypting and decrypting a grayscale image of a cat. 
The encryption key was generated by simultaneous 

measurements, made by Alice and Bob, of spatially entangled 
qutrits [Optica Quantum 4, 179-188 (2026)] 

Fig. 2 Experimental setup for measuring mechanical 
rotation, using entangled 4-photon state and two spiral 
phase plates [Lasers and Photonics Reviews e020709 

(2026)]. 
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Free-Electron Radiation with Micro/Nanostructures 
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Abstract Via the interaction of free electrons with micro/nanostructures, we observe several novel free-electron radiation 
phenomena, including threshold-less Cherenkov radiation, vortex Smith–Purcell radiation, and pump-induced Smith–
Purcell radiation featuring super-narrow linewidths. 
 
Introduction 
Cherenkov radiation (CR) and Smith-Purcell radiation (SPR) are electromagnetic waves emitted by moving charges 
passing through dielectric media or interacting with grating structures. They play important roles in physics research, 
medicine, and free electron light sources. Driven by advances in nanofabrication technologies, various artificial optical 
materials/structures and interesting phenomena have emerged, which promote the research interest of studying the 
interaction of free-electrons with micro/nanostructures for radiation generation.  Here, the threshold-less CR, Vortex SPR, 
and pump-induced SPR with novel radiation characteristics are demonstrated. 
 
Threshold-less Cherenkov Radiation[1,2] 
To generate CR, moving charges passing through dielectric media must travel with velocities exceeding a specific 
threshold. We show the integrated threshold-less CR source with a planar electron emitter on hyperbolic metamaterial 
(HMM). It is demonstrated that, with low-energy electrons (0.25-1.4keV), the CR is generated covering λ0=500~900nm. 
The electron energy generating CR experimentally is three (two) orders of magnitude lower than that in natural media, 
while the output power of 200nW is two orders of magnitude higher than that generated by the high-energy electrons 
(tens to hundreds of keV) in the nanostructures. 

 
 

Fig. 1 Threshold-less Cherenkov Radiation 
 

Fig. 2 Cherenkov Radiation in THz region 
 

Furthermore, by constructing a hyperbolic metamaterial with graphene and hexagonal boron nitride, on-chip, free-
electron-based terahertz Cherenkov radiation is observed and the frequency tunable range spans 3.2 to 14 THz in a 
hundred-micron-scale dimension. Compared with other free-electron terahertz sources, the chip size is over three orders 
of magnitude smaller, and the tunable range is one of the widest. 
 
Vortex Smith–Purcell radiation[3] 
An integratable method for generating vortex Smith-Purcell radiation (VSPR), namely SPR carrying OAM, is proposed 
and investigated by having free electron bunches pass on planar holographic gratings. The VSPR generated by different 
electron energy, with different topological charge of OAM, radiation angles, and frequencies are demonstrated 
numerically. It is also found that, for high order radiation, its topological charge of the OAM wave will be multiplied by the 
radiation order. This work introduces a new way to generate SPR with OAM and provides a method to achieve an 
integratable and tunable free-electron OAM wave source at different frequency. 
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Purcell radiation featuring super-narrow linewidths. 
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Fig. 1 Threshold-less Cherenkov Radiation 
 

Fig. 2 Cherenkov Radiation in THz region 
 

Furthermore, by constructing a hyperbolic metamaterial with graphene and hexagonal boron nitride, on-chip, free-
electron-based terahertz Cherenkov radiation is observed and the frequency tunable range spans 3.2 to 14 THz in a 
hundred-micron-scale dimension. Compared with other free-electron terahertz sources, the chip size is over three orders 
of magnitude smaller, and the tunable range is one of the widest. 
 
Vortex Smith–Purcell radiation[3] 
An integratable method for generating vortex Smith-Purcell radiation (VSPR), namely SPR carrying OAM, is proposed 
and investigated by having free electron bunches pass on planar holographic gratings. The VSPR generated by different 
electron energy, with different topological charge of OAM, radiation angles, and frequencies are demonstrated 
numerically. It is also found that, for high order radiation, its topological charge of the OAM wave will be multiplied by the 
radiation order. This work introduces a new way to generate SPR with OAM and provides a method to achieve an 
integratable and tunable free-electron OAM wave source at different frequency. 

  

Fig. 3 Vortex Smith-Purcell radiation 
 

Fig. 4 Pump-induced Smith–Purcell radiation 
 

Pump-induced Smith–Purcell radiation[4] 
The superradiant Smith-Purcell radiation (S-SPR) in terahertz frequency band with ultra-narrow and continuously tunable 
linewidth in a compact device. By proposing a new effect of pump-induced stimulated S-SPR (PIS-SPR), the spectral 
linewidth could be reduced to 0.3 kHz @ 291.7 GHz, which is about two–six orders of magnitude narrower compared 
with those obtained by accelerators and other electron devices. Meanwhile, the wide range of continuously tunable 
spectral linewidth spanning 0.3–900 kHz is observed for the first time. This work provides a way to greatly narrow the 
spectral linewidth of free electron radiation and to achieve high-order harmonic of S-SPR in a compact device, and offers 
a platform to study the interaction between free electron bunches and different micro/nanostructures. 
 
Conclusions 
This work investigates the novel micro/nanostructure-enabled free-electron radiations. We realize integrated threshold-
less CR with drastically lowered electron energy, and fabricate chip-scale broadband tunable terahertz Cherenkov 
sources. An integratable vortex SPR scheme carrying controllable OAM is numerically validated. Moreover, PIS-SPR 
with record-narrow continuously tunable linewidth is reported. These compact, tunable light sources advance miniature 
integrated photonic devices from visible to terahertz bands. 
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Abstract Self-assembly of nanomaterials has enabled advanced nanoscale devices. I will focus on the field of compound 
semiconductors nanowires for nanoelectronics and nanophotonics and bottom-up growth of sub-µm sized InGaN 
nanoLEDs based on relaxed InGaN templates. 

 
Introduction 
Progress in electronics and opto-electronics is often the result of novel materials approaches, for instance new ways to 
grow crystals and devices. Enablers of the breakthroughs for compound materials resulting has come from the 
development of molecular beam epitaxy (MBE) and Metal-Organic Vapour Phase Epitaxy (MOVPE). These growth 
methods allowed the development and exploration of novel areas such as quantum wells (QWs), nanowires (NWs) and 
quantum dots (QDs), all based on the important concepts for semiconductor heterostructures, as pioneered by Herbert 
Kroemer more than 50 years ago. I will here concentrate on how we have realized nanowires and other nanomaterials by 
MOVPE for their potential use in electronics and opto-electronics.  
 
Development of ideal III-V nanowires 
Some of the most original efforts in growth of NWs were performed by Kenji Hiruma and his team at Hitachi, back in the 
late 80’s and early 90’s, demonstrating that by seeding growth by nanoparticles of gold, also the first to demonstrate that 
it is possible to form heterostructures between different III-V’s. With the efforts set up in my group at Lund University for 
NW growth, and effort that was started late 90’s, we made a strong effort in combining the NW growth with a pre-
patterning using electron-beam lithography, by which we were able to control lateral and axial dimensions as well as the 
exact positioning of each of the NWs, which opened the way to real device explorations. 
  
Understanding nanowire growth mechanisms 
The general understanding of how NWs grow date back to the 60’s when the vapour-liquid-solid (VLS) mode of growth 
was proposed and demonstrated. The principle is that a catalytic gold particle forms a eutectic alloy, for instance with 
metallic gallium, as provided for instance as tri-methyl-gallium (TMG), and that this alloyed metallic particle reacts with 
suitable precursor molecules containing arsenic (for growth of GaAs), such as arsine (AsH3). Given the right conditions, 
this can in a very controlled manner lead to the outgrowth of a single-crystalline NW with its diameter governed by the 
catalytic particle size and the orientation being vertical from a 111-oriented substrate like GaAs. Many efforts were spent 
in the time 2004-2008 in fundamental studies of NW growth and how the actual crystalline structure of the NWs could be 
controlled, either cubic (zinc-blende) or hexagonal (wurtzite). Indeed, we also explored how controlled switching between 
these forms may lead to interesting steps in the conduction and valence bands, influencing optical properties as well as 
both thermal and electronic transport. 
 
Controlled design of axial and radial heterostructures 
I took the initiatives for this research around the year 2000 primarily to realize quasi-one-dimensional hetero-structured 
semiconductors, as low-dimensional heterostructure physics devices. Our first studied was that of heterostructures 
between InAs and InP which were selected as potentially highly abrupt interphases, since it is possible to change the 
group-V atoms from As to P extremely abruptly. Our first highly noticed study of these kind of NW heterostructures was 
published in 2004 in Nano Letters, with the descriptive title “One-dimensional steeple chase for electrons realized”, 
demonstrating that electrons in the conduction band of InAs, when encountering the new segment containing InP, 
experienced a potential step, as a barrier of more than 0.5 eV’s. We also showed that for a very thin segment of InP, this 
appears as an ideal tunnelling barrier while, for longer segments, the electrons could, via thermionic excitation, overcome 
this one-dimensional barrier. Obviously, these results generated a novel toolbox for exploration of known heterostructure 
systems but now converted to the low-dimensional NW world. 
Nanowires for electronics and opto-electronics applications 
Two InP barriers located in an InAs NW, could define a QD in between them. By this scheme, we were able to produce 
highly perfect single-electron transistors (SETs) as well as resonant tunnelling devices (RTDs), in both case as the first 

such one-dimensional heterostructure devices. A very recent addition is a “Hot carrier nanowire transistor at the ballistic 
limit”. Beside these “physics devices” we were very active in exploring how the traditional gating of planar transistors 
could be replaced by a NW device where a wrap-gate-all-around could ideally allow the continued down-scaling of 
transistors, in a way we today see in the newest nodes of integrated circuits.  
A QD of a smaller bandgap material located inside a NW offers quite ideal systems for single photon on demand. I will 
also give examples of how III-V NWs are ideal for solar cell applications. We could demonstrate how a perfectly designed 
array of NWs can capture almost all incoming solar light even if the NWs only cover about 10% of the surface, because 
of nanophotonic antenna effects. Finally, I will for this subject area show examples of how GaN-based NWs can ideally 
function as light-emitting diodes (LEDs), which we explored also in close collaboration with our spin-out company GLO, 
first established in Lund, later transferred to Silicon Valley. 
 
Market pull for µm-sized RGB-emitting microLEDs 
The field of microLEDs is attracting much attention, because of their extreme brightness and long-term stability, with 
important applications for advanced displays and for inter-chip optical communication. In high-demanding display 
applications, as for smart-phones and AR/VR-applications, the pixel size needs to reduce to about 1µm, for all three 
RGB-colors. For miniLEDs and large-sized microLEDs, the blue and green colors are made from III-Nitrides, while red is 
made from AlGaInP/GaAs. For pixel sizes approaching 10 µm, and below, top-down processing of AlGaInP wafers lead 
to un-acceptable defects killing the efficiencies. Although the III-Nitrides are less prone to defects and carrier diffusion, 
efficient Red is still extremely hard to achieve, due to large lattice-mismatch between InGaN quantum well (QW) and the 
GaN substrate. Damage from top-down processing strongly reduces the efficiency, suggesting bottom-up growth. 
 
Recent progress in highly ideal RGB-emitting microLEDs 
I will first present a survey of approaches to enable all RGB-colors by III-Nitrides also for extremely small-pixel 
microLEDs. I will then describe how we are able to replace the GaN substrate with extended platelets of relaxed InGaN, 
thus reducing the lattice mismatch. Using bottom-up crystal growth, from seeding of GaN nanowires, we create extended 
platelets of InGaN, freely separated from the GaN substrate and the growth mask. On top of these relaxed and 
dislocation-free InGaN platelets we can form the entire micro/nanoLED structure having IQE-values typically 60%, also 
for device sizes below 1 µm, i.e. pixel-sizes as required for advanced AR/VR applications. I will show various examples 
of electro-optical studies of these unique devices, as developed jointly with the spin-out company Hexagem AB in Lund. 
 
Conclusions 
I hope that my talk will inspire some young researchers participating in iNOW2026, with the general thematic approach, 
to create advanced nanomaterials and nanodevices by innovative epitaxial crystal growth method and to apply various 
materials and device characterization methods to verify the performance and, very important, to provide feed-back to the 
epitaxy and processing which produce the structures and the devices.  
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such one-dimensional heterostructure devices. A very recent addition is a “Hot carrier nanowire transistor at the ballistic 
limit”. Beside these “physics devices” we were very active in exploring how the traditional gating of planar transistors 
could be replaced by a NW device where a wrap-gate-all-around could ideally allow the continued down-scaling of 
transistors, in a way we today see in the newest nodes of integrated circuits.  
A QD of a smaller bandgap material located inside a NW offers quite ideal systems for single photon on demand. I will 
also give examples of how III-V NWs are ideal for solar cell applications. We could demonstrate how a perfectly designed 
array of NWs can capture almost all incoming solar light even if the NWs only cover about 10% of the surface, because 
of nanophotonic antenna effects. Finally, I will for this subject area show examples of how GaN-based NWs can ideally 
function as light-emitting diodes (LEDs), which we explored also in close collaboration with our spin-out company GLO, 
first established in Lund, later transferred to Silicon Valley. 
 
Market pull for µm-sized RGB-emitting microLEDs 
The field of microLEDs is attracting much attention, because of their extreme brightness and long-term stability, with 
important applications for advanced displays and for inter-chip optical communication. In high-demanding display 
applications, as for smart-phones and AR/VR-applications, the pixel size needs to reduce to about 1µm, for all three 
RGB-colors. For miniLEDs and large-sized microLEDs, the blue and green colors are made from III-Nitrides, while red is 
made from AlGaInP/GaAs. For pixel sizes approaching 10 µm, and below, top-down processing of AlGaInP wafers lead 
to un-acceptable defects killing the efficiencies. Although the III-Nitrides are less prone to defects and carrier diffusion, 
efficient Red is still extremely hard to achieve, due to large lattice-mismatch between InGaN quantum well (QW) and the 
GaN substrate. Damage from top-down processing strongly reduces the efficiency, suggesting bottom-up growth. 
 
Recent progress in highly ideal RGB-emitting microLEDs 
I will first present a survey of approaches to enable all RGB-colors by III-Nitrides also for extremely small-pixel 
microLEDs. I will then describe how we are able to replace the GaN substrate with extended platelets of relaxed InGaN, 
thus reducing the lattice mismatch. Using bottom-up crystal growth, from seeding of GaN nanowires, we create extended 
platelets of InGaN, freely separated from the GaN substrate and the growth mask. On top of these relaxed and 
dislocation-free InGaN platelets we can form the entire micro/nanoLED structure having IQE-values typically 60%, also 
for device sizes below 1 µm, i.e. pixel-sizes as required for advanced AR/VR applications. I will show various examples 
of electro-optical studies of these unique devices, as developed jointly with the spin-out company Hexagem AB in Lund. 
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I hope that my talk will inspire some young researchers participating in iNOW2026, with the general thematic approach, 
to create advanced nanomaterials and nanodevices by innovative epitaxial crystal growth method and to apply various 
materials and device characterization methods to verify the performance and, very important, to provide feed-back to the 
epitaxy and processing which produce the structures and the devices.  
 
References 
1 Herbert Kroemer, Nobel lecture ”Quasielectric fields and band offsets...”  Rev. Mod. Phys., 73 (2001), 783 
2 Kenji Hiruma et al “Self-organized growth of GaAs/InAs heterostr…” Journal of Crystal Growth 163 (1996), 226 
3 Enrique Barrigon et al “Synthesis and Applications of III-V Nanowires” Chem. Reviews 119, Issue 15 (2019), 9170 
4 Zhaoxia Bi et al “Bottom-up approaches to microLEDs emitting red, green...” Chinese Phys. B 32 (2023), 018103 
 
 

Lars Samuelson got his PhD in Physics at Lund in 1977. After Post-doc at IBM, CA, he set up the first 
MOCVD in Northern Europe. Full Prof. from 1986 and in 1988 he initiated NanoLund, today with >400 
researchers. Since 2021 Chair Prof. and Institute Director at SUSTech.  He is author of ≈750 articles with 
h-index 92 at Web-of-Science (h-index 112 at Google Scholar), listed among the 1% most highly cited 
researchers by Web-of-Science. Member of Swedish Academy of Science, of Swedish Academy of 
Engineering Sciences and Foreign member of Chinese Academy of Sciences.  



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

190

Session V
II-3

Transmission over Anti-resonant Hollow-core Fibers 
 

Zhangyuan Chen 
State Key Laboratory of Photonics and Communications 

School of Electronics, Peking University, Beijing 100871, China 
chenzhy@pku.edu.cn 

 
Abstract  
In recent years, anti-resonant hollow-core fibers (AR-HCFs) have made remarkable progress, surpassing the loss limit of 

conventional silica solid-core fibers and achieving attenuation as low as 0.04 dB/km. Due to their low latency, negligible 

nonlinearity, and broad transmission bandwidth, AR-HCFs have attracted significant attention from both academia and 

industry, positioning them as a foundational technology for optical communications over the next half-century.  

We demonstrated the first-ever 1-Tb/s s/λ signal transmission over 10,000 km without regeneration. A 146.77-km  

recirculating loop of low-IMI and ultra-low-loss DNANF-5 fiber was used. A DP-36QAM-PCS signal with an entropy of 

3.96 was modulated and transmitted after 73 loops at 23-dBm launch power. The total transmission distance reached a 

record 10,714.28 km. IMI and attenuation ripple replaced the nonlinearity as the dominant penalty contributors. 

The air-guiding mechanism of AR-HCF not only brings ultra-low loss but also results in ultra-low Rayleigh backscattering, 

allowing for the direction to be treated as an independent dimension.  We demonstrated co-frequency co-time full-duplex 

(CCFD)  S+C+L-band WDM transmission over 100 km AR-HCF. The capacity of one direction was experimentally 

measured to be 188.8 Tb/s under a bidirectional transmission configuration, corresponding to an equivalent aggregate 

bidirectional capacity of 377.6 Tb/s  over 100-km AR-HCF.  

However, large-scale industrial production of AR-HCFs remains underdeveloped, and prior research has been largely 

confined to laboratory-scale experiments using short fiber segments, failing to fully explore their performance potential or 

identify deployment-related challenges. To address this gap, we presented the field deployments of four structurally 

distinct AR-HCF cables spanning 10‑42.7 km. Post-deployment measurements demonstrated an average link loss 

reduction from 0.599 dB/km to 0.113 dB/km, with the lowest recorded span loss reaching 0.065 dB/km, making it the 

world’s first fiber cable deployment to break the 0.1 dB/km level. Leveraging these deployed links, we conducted real-

time coherent transmission experiments at 800 Gb/s to 1.2 Tb/s across S-, C-, and L-bands, validating the feasibility of 

co-time co-frequency full-duplex (CCFD) transmission in hollow-core fibers and characterizing the impact of gas 

absorption (e.g., CO2 and H2O) on system performance. Despite these impairments, we achieved the first field 

demonstration of real-time terabit-scale coherent transmission over the S+C+L band, delivering a record aggregate 

capacity of 114.9 Tb/s over 137.36 km using 105 channels.  
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Abstract  
In recent years, anti-resonant hollow-core fibers (AR-HCFs) have made remarkable progress, surpassing the loss limit of 

conventional silica solid-core fibers and achieving attenuation as low as 0.04 dB/km. Due to their low latency, negligible 

nonlinearity, and broad transmission bandwidth, AR-HCFs have attracted significant attention from both academia and 

industry, positioning them as a foundational technology for optical communications over the next half-century.  

We demonstrated the first-ever 1-Tb/s s/λ signal transmission over 10,000 km without regeneration. A 146.77-km  

recirculating loop of low-IMI and ultra-low-loss DNANF-5 fiber was used. A DP-36QAM-PCS signal with an entropy of 

3.96 was modulated and transmitted after 73 loops at 23-dBm launch power. The total transmission distance reached a 

record 10,714.28 km. IMI and attenuation ripple replaced the nonlinearity as the dominant penalty contributors. 

The air-guiding mechanism of AR-HCF not only brings ultra-low loss but also results in ultra-low Rayleigh backscattering, 

allowing for the direction to be treated as an independent dimension.  We demonstrated co-frequency co-time full-duplex 

(CCFD)  S+C+L-band WDM transmission over 100 km AR-HCF. The capacity of one direction was experimentally 

measured to be 188.8 Tb/s under a bidirectional transmission configuration, corresponding to an equivalent aggregate 

bidirectional capacity of 377.6 Tb/s  over 100-km AR-HCF.  

However, large-scale industrial production of AR-HCFs remains underdeveloped, and prior research has been largely 

confined to laboratory-scale experiments using short fiber segments, failing to fully explore their performance potential or 

identify deployment-related challenges. To address this gap, we presented the field deployments of four structurally 

distinct AR-HCF cables spanning 10‑42.7 km. Post-deployment measurements demonstrated an average link loss 

reduction from 0.599 dB/km to 0.113 dB/km, with the lowest recorded span loss reaching 0.065 dB/km, making it the 

world’s first fiber cable deployment to break the 0.1 dB/km level. Leveraging these deployed links, we conducted real-

time coherent transmission experiments at 800 Gb/s to 1.2 Tb/s across S-, C-, and L-bands, validating the feasibility of 

co-time co-frequency full-duplex (CCFD) transmission in hollow-core fibers and characterizing the impact of gas 

absorption (e.g., CO2 and H2O) on system performance. Despite these impairments, we achieved the first field 

demonstration of real-time terabit-scale coherent transmission over the S+C+L band, delivering a record aggregate 

capacity of 114.9 Tb/s over 137.36 km using 105 channels.  
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Abstract Topological photonic and phononic crystals provide a versatile platform as a “synthetic universe” where some 
fundamental physics questions can be emulated, visualized, and addressed, enabling robust wave transport and a wide 
range of novel functionalities.  
 
Introduction 
 
Topological photonic and phononic crystals originated from the effort to emulate the quantum Hall effect, or Chern insulator, 
characterized by a nonzero Chern number. Over the past two decades, they have evolved into two vibrant and enduring 
research fields in their own right. In this talk, I will highlight several recent advances in both directions. 
 
In topological photonics, we have developed a series of three-dimensional (3D) topological photonic crystals that serve as 
analogues of electronic 3D topological insulators. The first is a time-reversal-invariant system realizing a weak 3D 
topological insulator. The second is a 3D Chern insulator, in which the Chern number is generalized to a three-component 
topological invariant. The third is a photonic axion insulator (Fig. 1), whose surfaces carry half-quantized Chern numbers 
of ±1/2. As a consequence, unidirectional chiral hinge states emerge and propagate through three-dimensional space, 
giving rise to robust 3D topological transport. 
 
In topological phononics, we introduce the concept of a synthetic dimension by treating the spatial coordinate x as an 
effective time axis t (Fig. 2). Under this mapping, acoustic wave propagation along x can be interpreted as the time evolution 
of a wave function. This framework enables the realization of an effective Floquet time-periodic system using static acoustic 
structures. Leveraging this approach, we observe a novel type of phase transition that transcends both the Landau–
Ginzburg paradigm and conventional topological phase transitions. In particular, we demonstrate a topology-enforced 
multicritical point at which the entanglement entropy (von Neumann entropy) exhibits an additive behavior, revealing an 
unexpected interplay between topology and criticality. 
 
 

  

Fig. 1  A photonic axion insulator. (a) Every surface 
of this photonic crystal takes a half quantized Chern 
number ±1/2. So the hinges support unidirectional 
chiral states propagating in 3D. (b) The photonic 
crystal construction. The little black dots are 
gyromagnetic YIG rods. 

 

Fig. 2  A phononic crystal simulating a periodically driven 
one-dimensional dimerized lattice model (the Floquet SSH α-
chain). This Floquet system undergoes a topological phase 
transition in the critical regime, which we refer to as critical 
topological phase transition. 
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Abstract  
Superhard materials, represented by silicon carbide (SiC) and diamond, combine high refractive indices, wide bandgaps, 
excellent thermal conductivity, and outstanding mechanical robustness, offering attractive material platforms for high-
performance nanophotonic devices. In this report, SiC is primarily investigated as a representative superhard material 
platform, with diamond-related work briefly discussed as an extension toward more extreme material and device 
performance. 
Focusing on SiC metasurface devices, this report presents studies on metalenses and AR diffractive waveguides. To 
address thermally induced focal shift under high-power laser irradiation, a thermally stable SiC metalens is developed for 
long-term near-diffraction-limited focusing. Through the co-optimization of structural design and process compensation, a 
high-numerical-aperture achromatic metalens is constructed. Furthermore, an ultrathin and lightweight single-layer 
diffractive waveguide is proposed, enabling full-color, large field-of-view display while effectively suppressing rainbow 
artifacts. These studies provide a promising route for developing superhard-material-based metasurface nanophotonic 
devices. 
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instrumentation, micro-nano photonics theory and optoelectronic devices, key theories and technologies for smart 
applications, etc. 
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Abstract  
Superhard materials, represented by silicon carbide (SiC) and diamond, combine high refractive indices, wide bandgaps, 
excellent thermal conductivity, and outstanding mechanical robustness, offering attractive material platforms for high-
performance nanophotonic devices. In this report, SiC is primarily investigated as a representative superhard material 
platform, with diamond-related work briefly discussed as an extension toward more extreme material and device 
performance. 
Focusing on SiC metasurface devices, this report presents studies on metalenses and AR diffractive waveguides. To 
address thermally induced focal shift under high-power laser irradiation, a thermally stable SiC metalens is developed for 
long-term near-diffraction-limited focusing. Through the co-optimization of structural design and process compensation, a 
high-numerical-aperture achromatic metalens is constructed. Furthermore, an ultrathin and lightweight single-layer 
diffractive waveguide is proposed, enabling full-color, large field-of-view display while effectively suppressing rainbow 
artifacts. These studies provide a promising route for developing superhard-material-based metasurface nanophotonic 
devices. 
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Abstract Triple-lattice structure PCSEL was proposed and demonstrated in the 905nm, 940nm,1.3m GaAs-based 

quantum well (QW) and quantum dot (QD) PCSELs, and 1.55m InP based QW PCSELs. 

 
Introduction 

Photonic crystal surface-emitting lasers (PCSELs) have recently attracted much attention as novel semiconductor lasers 

because of the extreme brightness and narrow spectral linewidth. These lasers use two-dimensional photonic-crystal 

resonators to achieve optical feedback, and light amplification and lasing are realized at the band edge by forming a broad-

area standing wave in the lateral direction, with the light extracted from the normal direction by first-order diffraction. 

Recently, a narrow-divergence far-field pattern was achieved due to the broad-area coherent resonance with a record 

output power above 50 W [1], which indicates the enormous potential of PCSELs. However, it is difficult for PCSEL to be 

applied for high-speed direct modulation due to the limitation of large device size and high threshold current. In this work, 

a triple-lattice photonic crystal structure was proposed to enhance the optical feedback of in-plane for the operation under 

a short cavity with low threshold current. 

Use of the template is mandatory.  

 

Methods and Results 
Using triple-lattice photonic crystal structure, a three-fold increase in in-plane 180°coupling compared to a normal single-

lattice structure was realized and hence the threshold current density decreased. The triple-lattice PCSELs were 

demonstrated experimentally based on 905 nm, 940 nm InGaAs/GaAs QWs, 1.246m InAs/GaAs QD and 1.55m InP 

based QW material [2-8]. The low threshold current  29 mA was realized in 940nm PCSEL [7], which is comparable with 

traditional DFB lasers. The continuous wave (CW) operation of 1.246m InAs/GaAs QD [8] and 1.55m QW PCSEL were 

realized with emission power of a few milliwatts. Our structure provides a new strategy for the miniaturization of photonic 

crystal lasers and will contribute to the development of high-performance PCSELs in the future.  
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Figure 1. (a) Principle of triple-lattice PCSELs, (b) top-view of PCSEL chip, (c) CW power performance of 940 nm PCSEL 

fabricated by nano-imprint. 
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Abstract We present our recent research activities on semiconductor cavity quantum electrodynamics based on 
epitaxial quantum dots deterministically coupled to on-chip microcavities. 

Introduction 
Semiconductor quantum emitters, especially epitaxial quantum dots (QDs) with large optical oscillator strength, are one 
of the most promising candidates for exploring fundamental quantum physics in solid-state and building quantum 
photonic devices on-chip. However, the deterministic creation and eventual scalability of single QD devices greatly suffer 
from the random nature of the QDs produced in their self-assembled growth. 

 
Result 

In this talk, I will present the breakthrough of scalable and deterministic cavity quantum electrodynamics (cQED) systems 
based on single-photon hyperspectral imaging[1]. With deterministically coupled QD-microcavity systems, we ’ ve 
investigated fundamental quantum physics [2-4], advanced hybrid integrated quantum photoincs [5,6] and developed 
high-dimensional quantum light sources [7-9]. 
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Abstract This talk gives the evolution of LiDAR toward highly integrated photonic platforms. By resolving fundamental 
hardware bottlenecks and advancing algorithmic data fusion, we present a comprehensive vision for next-generation, 
intelligent 3D sensing. 
 
Introduction 
As a three-dimensional (3D) sensor, light detection and ranging (LiDAR) has emerged as one of the most eye-catching 
fields in optoelectronic systems due to its unique capabilities in long-distance and high-precision ranging. To address the 
inherent limitations of traditional mechanical assemblies, LiDAR is evolving rapidly toward chip-scale systems based on 
photonic integrated circuits (PICs) [1]. Integration offers a compact form factor, reduced cost, improved stability, and the 
potential for large-scale manufacturing. 
 
Because 3D sensing depends largely on the beam scanner, achieving inertia-free, solid-state beam steering is a critical 
industry bottleneck. Spectral-scanning techniques provide a highly effective solution by utilizing diffractive components 
alongside a wavelength-swept laser source. The inherent passive beam deflection of optical diffraction facilitates 
exceptional beam-steering performance, with reported maximum scanning rates reaching the GHz level [2]. 
 
Our research group has been deeply engaged in the field of spectral-scanning LiDAR [3-5]. We have proposed a four-
dimensional (4D) frequency-modulated continuous-wave (FMCW) spectral-scanning LiDAR that combines a dispersive 
grating with a mechanical rotator, achieving a panoramic field-of-view (FoV) with simultaneous ranging and velocity 
capabilities [6]. The application of a vertical cavity surface emitting laser (VCSEL) provides the system with a compact size 
and low cost. However, a major technical pain point is that VCSELs exhibit increased frequency-swept nonlinearity 
compared to other laser sources, which fundamentally degrades FMCW ranging precision. To mitigate this hardware 
limitation, we developed robust algorithms to correct the nonlinearity effect using pre-distortion and CNN-based deep-

learning methods, providing a data-efficient, model-free solution [7]. 
Beyond system-level source optimization, we are also pushing the boundaries of component integration by embedding  
metasurface-based components into silicon photonic platforms [8]. In FMCW LiDAR systems, metamaterials open new 
avenues for non-mechanical beam steering, spectral multiplexing, and polarization diversity. These are critical features for 

 
Fig. 1 Techniques for ultrafast 3D imaging LiDAR. 



International Nano-Optoelectronics Workshop 2026
August 6-16, 2026, Beijing and Tianjin, China

199

Session V
III-3

Integrated Photonics for LiDAR 
 

Hongyan Fu 
Tsinghua Shenzhen International Graduate School (SIGS), Tsinghua University 

hyfu@sz.tsinghua.edu.cn 
 

Abstract This talk gives the evolution of LiDAR toward highly integrated photonic platforms. By resolving fundamental 
hardware bottlenecks and advancing algorithmic data fusion, we present a comprehensive vision for next-generation, 
intelligent 3D sensing. 
 
Introduction 
As a three-dimensional (3D) sensor, light detection and ranging (LiDAR) has emerged as one of the most eye-catching 
fields in optoelectronic systems due to its unique capabilities in long-distance and high-precision ranging. To address the 
inherent limitations of traditional mechanical assemblies, LiDAR is evolving rapidly toward chip-scale systems based on 
photonic integrated circuits (PICs) [1]. Integration offers a compact form factor, reduced cost, improved stability, and the 
potential for large-scale manufacturing. 
 
Because 3D sensing depends largely on the beam scanner, achieving inertia-free, solid-state beam steering is a critical 
industry bottleneck. Spectral-scanning techniques provide a highly effective solution by utilizing diffractive components 
alongside a wavelength-swept laser source. The inherent passive beam deflection of optical diffraction facilitates 
exceptional beam-steering performance, with reported maximum scanning rates reaching the GHz level [2]. 
 
Our research group has been deeply engaged in the field of spectral-scanning LiDAR [3-5]. We have proposed a four-
dimensional (4D) frequency-modulated continuous-wave (FMCW) spectral-scanning LiDAR that combines a dispersive 
grating with a mechanical rotator, achieving a panoramic field-of-view (FoV) with simultaneous ranging and velocity 
capabilities [6]. The application of a vertical cavity surface emitting laser (VCSEL) provides the system with a compact size 
and low cost. However, a major technical pain point is that VCSELs exhibit increased frequency-swept nonlinearity 
compared to other laser sources, which fundamentally degrades FMCW ranging precision. To mitigate this hardware 
limitation, we developed robust algorithms to correct the nonlinearity effect using pre-distortion and CNN-based deep-

learning methods, providing a data-efficient, model-free solution [7]. 
Beyond system-level source optimization, we are also pushing the boundaries of component integration by embedding  
metasurface-based components into silicon photonic platforms [8]. In FMCW LiDAR systems, metamaterials open new 
avenues for non-mechanical beam steering, spectral multiplexing, and polarization diversity. These are critical features for 

 
Fig. 1 Techniques for ultrafast 3D imaging LiDAR. 

building robust, high-resolution 3D imaging systems. Our results demonstrate that metamaterial-enabled designs 
significantly enhance the functionality and integration level of LiDAR systems. 
 
Finally, to provide a complete research flow from physical sensing to intelligent perception, our group has developed robust 
algorithms to process LiDAR point clouds and resolve cross-modal geometric alignment issues. By proposing an ego-
motion-conditioned hierarchical fusion framework for motion-aware multi-modal 3D semantic segmentation, we bridge the 
gap between raw optical data and practical autonomous applications. 
 
In this talk, I will review our recent, comprehensive advances in LiDAR technology—spanning from novel hardware and 
AI-assisted signal processing to multi-modal perception. Building on these existing research achievements, I will also 
discuss the future trajectory of photonic integration and envision the next generation of intelligent sensing platforms. 
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Abstract  
This paper reviews recent advances in holographic lithography for precision grating fabrication and atomic-scale 
characterization, highlighting technological evolution from laser interference lithography to multiscale, SI-traceable 
metrology for next-generation precision gratings. 
 
Introduction 
Diffraction gratings are fundamental optical components for precision metrology, optical encoders, and advanced 
photonic systems. Increasing demands for positioning accuracy and measurement range have driven both grating 
fabrication and characterization toward the atomic scale. Among various fabrication techniques, laser interference 
lithography has emerged as a key technology, while advances in interferometric metrology have significantly improved 
the accuracy and traceability of grating characterization. This paper reviews recent developments in these two 
complementary areas, focusing on holographic lithography for precision grating fabrication and atomic-scale 
characterization techniques, as summarized in Fig. 1. 
 
Holographic Lithography for Grating Fabrication 
Laser interference lithography (LIL) is a maskless fabrication technique that records the interference pattern of two or 
more coherent laser beams in a photoresist, followed by development and pattern transfer to generate diffraction 
gratings. The grating period is determined by the laser wavelength and the interference angle, Λ=λ/(2sinθ), enabling 
flexible and accurate period control. Benefiting from its high throughput, excellent periodicity, and inherent large-area 
capability, LIL has become one of the most effective approaches for precision grating fabrication. 
 
The development of holographic lithography has been driven by the continuous expansion of fabrication capability, from 
two-dimensional grating patterning to high-fidelity exposure, large-area stitching, and multifunctional grating fabrication. 
Early efforts focused on extending interference lithography from one-dimensional to two-dimensional grating patterning, 
where Li et al. developed a two-dimensional Lloyd's mirror configuration for high-precision crossed gratings. This 
capability was further strengthened by the introduction of spatial polarization tracing and polarization modulation, which 
substantially improved interference-field uniformity and exposure fidelity for large-area fabrication. The subsequent 
incorporation of interference-fringe locking enabled seamless stitching of multiple exposure fields, overcoming the 
intrinsic field-of-view limitation of conventional holographic lithography while maintaining nanoscale pattern continuity. 
More recently, holographic lithography has been extended beyond conventional periodic structures through hybrid 
lithography strategies, allowing periodic gratings and non-periodic encoding patterns to be integrated on a single 
substrate and paving the way for multifunctional cross-scale grating devices. 
 
Atomic-scale Characterization of Gratings 
With the continuous improvement of grating fabrication accuracy, characterization techniques have evolved from global 
form evaluation toward traceable atomic-scale dimensional metrology. Early grating characterization relied on Fizeau 
interferometry for non-contact evaluation of pitch uniformity and surface flatness. The subsequent development of self-
calibration and synthetic aperture interferometry extended quantitative characterization to large-scale variable-line-
spacing gratings, demonstrated by the successful evaluation of a 105 mm linear scale using a 100 mm-aperture Fizeau 
interferometer. Subsequent advances shifted the focus from global morphology to atomic-scale dimensional 
characterization. The metrological large-range AFM developed by Gaoliang Dai and co-workers at PTB established SI-
traceable measurements of grating pitch and surface profiles, reducing the calibration uncertainty to 0.3 nm with a 
repeatability of 0.02 nm, thereby providing a benchmark for atomic-scale grating metrology. More recently, laser 
interferometer-based metrology systems developed by Xinbin Cheng's group at Tongji University have further 
strengthened traceable grating characterization by establishing dual traceability chains referenced to both the laser 
wavelength and grating pitch, enabling sub-nanometer displacement calibration directly linked to the SI definition of the 
metre. 
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Fig. 1 Overview of holographic lithography for grating fabrication and atomic-scale characterization. 

Conclusions 
The rapid development of holographic lithography and grating metrology has continuously pushed the achievable 
fabrication accuracy from periodic pattern generation toward atomic-scale structural control. Meanwhile, advances in 
multiscale characterization have provided increasingly reliable quantitative feedback for process optimization and 
dimensional traceability. Future developments are expected to further integrate intelligent fabrication, real-time process 
monitoring, and traceable atomic-scale metrology, enabling deterministic manufacturing of increasingly complex grating 
architectures for precision positioning, semiconductor metrology, and emerging photonic systems. 
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Venue Introduction

Venue 1: Conference Centre of UCAS

Conference Center of the University of Chinese Academy of Sciences is located at UCAS Yanqihu 
Campus, Huairou District, Beijing, overlooking Yanqi Lake with picturesque mountain views.

As an official CAS designated conference venue, it boasts complete modern audio-visual equip-
ment and diverse meeting spaces ranging from small breakout rooms to a 500-seat grand lecture 
hall. The center provides all-in-one supporting services including on-site guest accommodation, 
multi-style catering, business and recreational facilities, perfectly suited to host international aca-
demic conferences, workshops and invited speaker forums.
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Venue 2: Hilton Tianjin Eco-City

Sino-Singapore Tianjin Eco-City Investment and Development Co., Ltd founded in July 2009, the 
Sino-Singapore Tianjin Eco-City Investment and Development Co., Ltd. (SSTEC) is the master devel-
oper of the China-Singapore Tianjin Eco-City (the Eco-City). As the master developer, SSTEC works 
closely with the governments and private sectors of China and Singapore, as well as other interna-
tional partners, to plan and develop the Eco-City. SSTEC is committed to building a sustainable Eco-
City that is ecologically friendly, socially harmonious and resource efficient. 

SSTEC will continue to play four important roles of the platform for bilateral collaboration, the Eco-
City’s master developer, the project developer and the business park operator, seize the new 
opportunities brought about by China’s “dual carbon” development strategy, promote urban de-
velopment of the Eco-City continuously, strive to bring the Eco-City to even greater heights as a 
leading low-carbon and smart city in China, and open up a new chapter for bilateral cooperation 
between China and Singapore.

The Eco-city provides superior conditions for high-tech innovation and sponsors the establishment of 
IEIT (the Institute for Electronics and Information Technology in Tianjin of Tsinghua University) in 2015. 
Besides, the Eco-city also attracts the industries of cultural creation, environment protection tech-
nology, customer finance, information technology service, etc. All these guarantee a promising fu-
ture of the Eco-city.
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Maps
Swan Lakeview Hotel Beijing → University of Chinese Academy of Sciences

Hotels:
1. University of Chinese Academy of Sciences-Hotel Tour B 国科大国际会议中心客房 B座
2. Swan Lakeview Hotel Beijing 北京中建雁栖湖酒店

Tip: 15-minute walking distance between the two hotels.
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决策，支撑钢厂降本增效与智能化升级，可推广至其他冶炼、化工、煤炭等场景的关键参数实时监测。

以激光诱导击穿光谱技术为核心，集成高精度光谱成像芯片与人工智能算法，兼具轻巧便携与快速精准的光谱

解析及成分反演能力。可对钢铁、合金等材料进行全元素精准分析，平均检测误差可达0.01%，有效缩短检测

周期、降低质控成本，可推广至食品健康、环境保护等领域的现场成分检测。

融合激光诱导击穿光谱技术与高分辨光谱解析算法，专用于冶炼炉渣、工业灰分等复杂副产物的快速高精度分

析，1分钟内即可完成全指标现场检测。有效攻克复杂基体效应带来的定量干扰，检测相对误差在5%以内。为

造渣工艺及固废资源化利用提供定量依据。可推广至矿物加工、固废回收等复杂基体样品的成分快速分析。
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