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Personal Information – Sunkyu Yu

Prof. Sunkyu Yu

EXPERIENCE

Postdoctoral Fellow
Dept. of ECE, Seoul National University
Sep. 2015 - Aug. 2020

Assistant Professor
Dept. of ECE, Seoul National University
Sep. 2020 -

EDUCATION

B.S.    in ECE, Seoul National University (2007)

Ph.D. in ECE, Seoul National University (2015)
(Supervisor: Prof. Namkyoo Park)

sunkyu.yu@snu.ac.kr

HONORS & AWARDS

Rising Stars 30
OSK (2020)

Young Researcher Award
IASSF (2018)

Presidential Post-Doc. Fellowship, 
Korean Government (2016)

Distinguished Dissertation Award, 
Dept. of ECE, SNU (2015)

• The mathematical/physical similarity in different fields inspires 

Multidisciplinary Perspectives: quantum-classical analogy, biomimetics, & network-inspired materials. 

• Based on this multidisciplinary perspective, we try to achieve

(i) new analysis/design strategies for wave mechanics, 

(ii) new wave phenomena for engineering applications, and 

(iii) superior device performances for light-based signal processing, computing & AI technology. 

• We are now focusing on achieving the neuromorphic realization of intelligent photonic systems

"Thinking with Light"
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Long-Term Goal – Photonic Brain

Network Dynamics
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Approaches to Long-Term Goal

Engineering Light Flows in…

Disordered systems Open systems

I. Physical Principles

Quantum Mechanics (Super-symmetry, Bohmian Mechanics, …), Biomimetics

Network Theory (Clustering, Scale-Free, …), Mathematics (Non-Euclidean) 

II. Data-driven Methods
Deep Learning (CNN, Autoencoder, Effects of Artificial Neural Networks, …)

Photonic AI
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Disordered Photonics – Brain-like photonic disorder

Crystals
Perfect Bandgaps
Ballistic Transport

Brain-like “scale-free” materials for light waves?

➔ Efficient & Robust & Tunable “light” transport

Uncorrelated Disorder
Annihilated Bandgaps

Wave Localization

Regular Net. Random Net.

Scale-Free Net. 

?

Engineered (Correlated) Disorder
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Open-System Photonics – Neuromorphic dynamics

Hodgkin-Huxley (HH) model 

Inner

Outer

= Electrical Open System 
with competing nonlinear channels

K+ channel ~ Sink

Na+ channel ~ Source

Exchanging Pump

κ
ψG

Gain

ψL

Loss

Source: J. Fontana et al. Functions of Cells and Human Body
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Photonic AI versus Electronic AI & Human Brain

http://www.digicortex.net/
Y. Shen et al. Nat. Photon. (2017)

Crystalline & IF Photonic AI

Human 
Brain

IF neurons!

Scale-free

+ Open-System

+ Wave Nature

Performance = Speed / Power

×10~100
Scale-Free
Hardware

×10~100
Open-System

Dynamics

Q.M. properties 

of light fields

𝟏

𝟏𝟎, 𝟎𝟎𝟎
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Multidisciplinary Perspective on Photonics

PT symmetry

Supersymmetry

Relativistic Theory

Anderson localization

Small-World

Hodgkin-Huxley neurons

Metamaterials

Quantum Mechanics

Neuroscience

Topics Optics

Network Theory 
& Machine Learning

Fano resonance

Graph

E×B drift

Photonic crystals

Plasmonics

Optical nonlinearity

EM coupling

Causality

Crystal-like disorder

Inter-D transport
Waveguides

Metadisorder

Target hiding

Slow-light

Isospectrality Transformation optics

k-unidirectionality

Photonic neuron

Spin black hole

Diode, ADC, Anti-laser

De Broglie–Bohm

Scale-Free

Threshold / Firing

Polarization optics

Graphene optics

Chirality

Singularity

Dynamical Quenching

CNN / Autoencoder

Topology

Dirac Point

Brownian disorder

Qubit sensor

Random switching

Bohmian photonics

Superoscillation

Link

Concept

Dynamics

Energy

Platform
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Current / Future Collaborations

Prof. M. Jang

KAIST Princeton

Prof. S. Torquato

Collaborations

Prof. B. Min

KAIST

Prof. C. Lienau

Oldenburg

Future Collaborations: SNU ECE

Photonics / Display

Wireless & RF Quantum Electronics

Semiconductor / AI

Open-System 
Qubit Devices

Disordered 
Photonics

Non-Hermitian
Photonics

Non-Hermitian
Photonics

Nonlinear
Photonics

NUS

Prof. C.-W. Qiu

Disordered 
Photonics

Prof. J. Shin

KAIST

Non-Hermitian
Photonics

SNU

Prof. N. Park

B.E. / Ph. D. 
Supervisor

(Late) Prof. J. H. Shin

KAIST
Disordered 
Photonics

ML-design 
QM platforms

RF AI structure 
with 3D printing

PT symmetry for
Wireless Power Transfer

Photonic
Spiking NN

High-Power Laser 
for Photonic Neuron

Hybrid 
Photonic NNs

NTU

Topological 
Photonics

Prof. Y. Chong

Hyperuniform 
Display / Solar Cell

Citation ~ 14,000 Citation ~ 9,000 Citation ~ 4,300 

Citation ~ 2,400 Citation ~ 9,000 Citation ~ 9,200 

Citation ~ 1,700 Citation ~ 41,000 Citation ~ 3,000 
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Thank You for Your Attention!


