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Yeon Lab

www.yeonlab.org Please visit :)

5 students

2017-06

Postdoc @ MIT

2009-09 2016-02MS & Ph.D. @ SNU
Postdoc @ SNU

2021-12

Professor @ GIST



3
Yeon Research Journey (~2024-4)

IntegrationReliability Physics Innovation

Amorphous oxide semiconductors & devices

Metallization memory & neuromorphic processor

Skin-conformable electronics

Cu interconnects in conventional Si electronics

2017-06

Postdoc @ MIT

2009-09 2016-02MS & Ph.D. @ SNU
Postdoc @ SNU

2021-12

Professor @ GIST
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Yeon Research Journey (~2024-4)

Everything is valuable: Hold with diamond hands (존버)

Amorphous oxide semiconductors & devices

Metallization memory & neuromorphic processor

Conformable electronics

Cu interconnects in conventional Si electronics

2017-06

Postdoc @ MIT

2009-09 2016-02MS & Ph.D. @ SNU
Postdoc @ SNU

2021-12

Professor @ GIST

연합뉴스



Outline & Keywords
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1) Living in the Ai Era: Cloud vs. Edge Ai 12 pages 

4) Technology 2: Neuromorphic computing 13 pages 
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Forbes (2018)
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Auto-driving carsChatbot; virtual assistant

Deepfake AI speech/music/drawing
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The Matrix (1999)

cyberpunkreview.com

Humans as batteries

(~100 W, ~2.4 kJ)

?
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statista

Driving Force of Artificial Intelligence (Ai)

Edge devices & Big data

Blog.NVIDIA.com

Artificial neural network (ANN)
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ANN is a Backbone of Ai

Massive Parallel Multimodal

Big data

Vector-matrix multiplications of (analog) synaptic weights

ANN

Prof. Hwang (SNU), Adv. Electron. Mater. (2016)

1011 neurons

1015 synapses

Synaptic weight

Kuncic, Z. The university of Sydney (2019)

Yang, R. et al., Adv. Electron. Mater. (2019)

Xia, Q. & Yang, J. Nature Mater. 18 (2019)
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Drastic Growth of Ai Technologies in China

Big data from 700 millions of internet users

14x more people (Total 50 millions, South Korea)

+ 공산주의: 사생활보호따윈…

Daxueconsuting, The AI ECOSYSTEM IN CHINA 2020

한국경제, 14억인구빅데이터가 무기…중국, 세계 ‘AI 패권’ 노린다 (2020)

한중과학기술협력센터, 중국의인공지능발전현황및시사점 (2018)

https://knowledge.ckgsb.edu.cn/2017/07/17/technology/

Face recognition Natural language processing Smart robots Autonomous vehicles

Youtube: In the age of Ai, Frontline (2021)

?
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반도체칩혁명이인공지능의미래앞당길것

Investonomic.co.in
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Energy Dilemma Issue

2020-08-12

vs.

정보통신산업진흥원 (NIPA) 2020-11-18

Solutions for efficient energy management Huge energy consumption for solutions

WIRED.KR
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The Origin of Energy Dilemma

Data center & Cloud Ai

Big data

Analysis/solution
Edge devices

Huge energy consumption

Shutterstock.com
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Additional Issue

영화속아이언맨 vs. 헐크 현실은…

Avengers: Age of Ultron (2015)

+) High latency
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Emerging Solution

1) High energy consumption

2) High latency

+) Security threats

Off-chip 

communications

Data center & Cloud Ai Edge Ai; On-device Ai

High energy efficiency

Low latency

High security

Real-time Ai at the edge

Chip substrate e.g., SAMSUNG Ai phone

Ai active translate call
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2) Edge Ai:

Challenges & Opportunities 
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Power Efficiency & Speed is Still Limited…

Challenge 1) High Resistance & low I/O density between chips

Challenge 2) von Neumann Bottleneck; Memory wall

Challenge 3) Mechanically rigid, heavy and bulky

Sensor A/D converter

Load

Store

Memory Ai processor
(GPU, etc.)

Memory#1 Ai processorA/D converterSensor Memory#2

Package substrate

aseglobal.com

?
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Challenge 1) High Resistance & Low I/O Density between Chips

Memory#1 Ai processorA/D converterSensor Memory#2

Package substrate

Two-dimensional (2D) package

High resistance Low I/O* density

Length of lateral interconnects in a substrate is too long Vertical interconnect density is too low

*Input/output

C4 bump

t

w

L

𝑅 = 𝜌
𝐿

𝑤𝑡e-

200-μm pitch

25 mm-2

Unit: # mm-2
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Challenge 1) High Resistance & Low I/O Density between Chips

High resistance i) High power consumption

ii) Low speed

𝑃 = 𝐼2𝑅
I: Current

R: Resistance

Current, I

Parasitic capacitance

Resistor

그림: 최리노의
한권으로끝내는반도체이야기, 양문출판사(2022)

𝐼 =
∆𝑄

∆𝑡
∆𝑡 = 𝜏 =

∆𝑄

𝐼
=
𝐶∆𝑉

𝐼
=
𝐶𝐼∆𝑅

𝐼
𝜏 = 𝐶∆𝑅

Delay time, 𝝉

Low I/O density iii) Low bandwidth*

*The maximum data transfer rate (unit: bit s-1, bps)Unit: # mm-2

RC time constant, 𝝉

Why?
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3) Technology 1

Advanced Package (AVP) 
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Memory#1 Ai processorA/D converterSensor Memory#2

Package substrate

2D package

Memory#1 Ai processorA/D converter

Sensor Memory#2

Interposer

Package substrate

2.xD AVP

C4 bump

200-μm pitch

25 mm-2

Micro-bump

Shorter & denser

40-μm pitch

500 mm-2

https://www.semianalysis.com/
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2.xD AVP

Memory#1 Ai processorA/D converter

Sensor Memory#2

Interposer

Package substrate

3D AVP

A/D converter

Sensor

Memory#1

Memory#2

Processor

Interposer
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3D AVP with Bump-less Bonding (or Hybrid Bonding)

Interposer

Processor

A/D converter

Sensor

Memory#1

Memory#2

A/D converter

Sensor

Memory#1

Memory#2

Processor

Interposer

Micro-bump
Bump-less bond

Shorter & denser

CEA-Leti

<10-μm pitch

500 mm-2 >>10,000 mm-2
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3D AVP: High-Bandwidth Memory (HBM)

[강해령의 하이엔드테크] SK하이닉스가 HBM에 진심인이유 (2023-04-22)

Micro-bump

TSV
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3D AVP: High-Bandwidth Memory (HBM)

Youtube, GadgetSeoul
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SK Hynix (2023-08-18)
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2.xD AVP: NVIDIA H100

NVIDIA H100

HBM: SK Hynix

Foundry: TSMC

HBM Ai processor

1 Ai processor

6 HBM
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https://www.aitimes.com/news/articleView.html?idxno=135016

https://www.hankyung.com/article/202402247039i

Jeshen Huang

NVIDIA CEO
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3D AVP with Hybrid Bonding: AMD 3D V-CacheTM

Dr. Lisa Su
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Appliedmaterials.com
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Apple: Samsung vs. TSMC

i) Foundry for Apple’s application processor

ii) Foundry for iPhone

iPhone 4 ~ 5C 6 6S 6S plus SE 7, 7Plus, 8, 8Plus, X, XR, XS, XS Max, etc.

Year 2010 - 2013 2014 2015 2016 2016. 09. -

Foundry Samsung TSMC Samsung + TSMC TSMC

https://www.youtube.com/watch?v=VeTmk68YdCE&ab_channel=GadgetSeoul

Youtube: 나인NINE

Logic die

Advanced packaging for A10 processor
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Yole (2021)
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4) Approach 2

Neuromorphic Computing 
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Advanced Package for Edge Ai

Conventional 2D package

A/D converter

Load

Store

Memory Ai processor
(GPU, etc.)

Sensor

Sensor A/D converter Memory Ai processor
(GPU, etc.)

Memory

Memory

Memory

Memory

High-bandwidth, near-memory computing
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Power Efficiency & Speed is Still Still Limited…

Challenge 2) von Neumann Bottleneck; Memory wall

Bus or

Memory wall

Memory Ai processor
(GPU, etc.)
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Blog.NVIDIA.com

von Neumann bottleneck
95% energy consumption for Ai tasks possible 

Movie

New Mind (02/13/2021)

Artificial neural network (ANN)

- Sequential

- Digital (0 or 1)
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Cloud Ai is still needed 

4 : 1Results

Power 200,000 W : 20 W
9,216 CPUs

Strong motivation of new computing paradigm: Neuromorphic Computing  
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What is Brain-inspired, Neuromorphic Computing?

github.com

Viralemon

When we are in the nightclub,

Forbes.com (07/26/2019)

MultimodalParallel Analog Adaptive
Yi, Y. IEEE (2017)
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Digital Computer vs. Brain

Conventional digital computer

Brain

Modha D. S. (IBM) Science 345, 668 (2014) 

Javey, A. ACS Nano 9, 10533 (2015)

서울대학교황철성교수님수업자료 (2019)

dongascience.donga.com

Kuncic, Z. The university of Sydney (2019) ohmynews

Conventional digital computer Brain

Data type Digital Analog (Multilevel)

Clock frequency (Hz)

(Calculation speed)
>1E9 10

Data processing Sequential Parallel, multimodal

Inference speed Slower Faster

Power density 

(W cm-2)
100 0.01
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Inside of Human Brain

Pre-neuron

Synapse

Post-neuron1011 neurons

~104 synapses per neuron

Synaptic weight

Synapse: Computational analog memory

MultimodalParallel Analog AdaptiveIn-memory

Artificial neural network (ANN)

Kuncic, Z. The university of Sydney (2019)

Yang, R. et al., Adv. Electron. Mater. (2019)

Xia, Q. & Yang, J. Nature Mater. 18 (2019)

Prof. Hwang (SNU), Adv. Electron. Mater. (2016)

Prof. Hwang (SNU), Class note (2019)



43
Hardware Implementation of ANN

Memristor PRAM

MRAM FeFET

Computational analog memory has emerged for neuromorphic computing

Yang, J.J. group, Nature Mater. 18 (2019)

Wu, H. group. Nature Electronics 3 (2020) 

Lu, W. group, 

Nature Nanotechnol. 12 (2017)

Nature Electronics 1, 22 (2018)

3 µm

Crossbar array
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Neuromorphic Computing for Edge Ai

Sensor A/D converter Memory Ai processor
(GPU, etc.)

Memory

Memory

Memory

Memory

High-bandwidth, near-memory computing

Sensor A/D converter

High-bandwidth, in-memory computing

Computational 

analog 

memory array

Ielmini, D. & Wong, H.-S.P. Nature Electronics 1,333 (2018)
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> 1/109x

Prof. Eliasmith, C, WaterlooAi (2020)

Enabled by 

neuromorphic processors

Yang, J. J. group, Nature 615, 823 (2023)

Qian, H. group, Nature Electronics 1, 8 (2018)
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Neuromorphic Processors will Rule Ai Technologies

We are here

Gartner (2018)
Kumar, S. (HP), Appl. Phys. Rev. 7, 011305 (2020)

Gadget Seoul 4/20/2020

Huge opportunity to become a game changer 



47



48

SMART Metallization?
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SMART Metallization Lab.

1) Contact 2) Interconnects 3) Package

2D/3D  arrays

SMART metal

Semiconductor

Electric field (E)

Joule

Heating (Q)

Stress (σ)

Ions

Electronic-ionic devices

Synergy

Mechanics

Atomic kinetics

Regulating structures

Thermodynamics

Metal

*Thanks to

Prof. Peng Lin 

Neuromorphic edge Ai
(On-device sensing & processing)

Reliability

Innovation

Endless 

opportunities

(1) Brain-inspired processor

(2) Multimodal sensors

(3) Advanced packages
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Metals Interacting with Electronic Materials
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Reverse bias (V)

Reliability Innovation

Lu, W. D. group, Nature Comm. 3, 732 (2012)  Samsung, IRW (2009)

Metal contamination-induced failure Metal migration-driven neuromorphic device

Endless opportunities

TSV

100 nm

V

Yeon et al., ECS Letters 15, H157 (2012)

Pristine

Cu 

contamination

Courtesy of Dr. J.-M. Suh (2022)
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Cu Breakdown

SMART Metal for Computational Analog Memory

Ag-Cu

alloy
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Synergistic effects!

Yeon et al., Nature Nanotechnology 15, 574 (2020)
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Take-home Messages

Edge Ai is vital for addressing energy dilemmas and for sustainable world.  

Emerging technologies for edge Ai 

i) Advanced package

ii) Neuromorphic computing

Everything is valuable: Hold with diamond hands (존버)
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Thanks for your attention

LOVE.   RESEARCH.   SIMPLE.

smartmetallization@gmail.com

hanwool@gist.ac.kr

www.yeonlab.org
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Q & A


