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= Research overview

Flexible

+ Renewable Energy Devices -- -3 ANED LAB. E“" Devices
Development of energy conversion and storage - "

devices including perovskite solar cells and 0\@%\“; e\‘/ .
lithium ion batteries Devices : Bevices

* Flexible Nano Devices
Development of ultra-flexible electronic devices .
and investigation on the mechanical degradation Matorials BN © [ acionmation
mechanism of flexible nano devices I

» Advanced Nano Characterization
Study on the physical electronic properties of
nano materials via advanced characterization
tools such as an atomic resolution TEM



Introduction . Motivation
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Depletion of Air Pollution Global Warming
Fossil Fuel

Green vehicles (EV / FCEV)

Future Electronic Devices

» High energy density (Requires high power)
» Portability (Light-weight)
* Flexible and stretchable
 Human-centered (Health application)

Credit: Aptera Credit: savvycomsoftware Credit: DuPont \ Credit: RSC Advances / Saule Technologies




Introduction . Perovskite solar cells
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Efficiency
/N Silicon: 26.1%
/ '\ Perovskite: 26.1%

Silicon: 0.70 $/Watt
\Perovskite: 0.35 $/Watt

Silicon> 27 years
Perovskite: 0.3 year )

Flexible / Light-weight Devices
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v High absorption
v" Low binding energy __
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v" lonic bonding

v Soft and polarizable

26.1%

High performance

Low stability
& High flexibility

Ultra-flexibility

Credit: NREL

Portability
Credit: Lightyear




Introduction . Perovskite solar cells

Stability Issues Scalability Issues

Environmental Issues

oX
Pb2g @A) ©

30+
Light lllumination Humidity
IF A
LA %
v ...
1@ uato" Pert,
At o Orman,
re@e™ o Pegradagio,,
@ Device/Interface
o @ Structure Perovskite
Q¢ (e? Composition Defect
\,'c‘- &&
SO
° o uo
" S -
oo BN
s IR

Long-term Stability
Ultra-flexible Devices

Credit: ©Science China Press
https://www.eurekalert.org/multimedia/pub/198000.php

1. Material Stability
» Chemical stability
» Structural stability
2. Mechanical Stability

A fresh perovskite solar film (L) and a degraded
film exposed to air and light for just six days (R)

https://www.imperial.ac.uk/news/165809/scientists-
discover-next-gen-solar-cells-break/
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Introduction . Nano-characterization

Electronic band structure Chemical Composition
Optical band gap X-ray fluorescence (XRF)
Ultraviolet Photoelectron Spectroscopy (UPS) X-ray photoelectron Spectroscopy (XPS)
Inverse Photoemission Spectroscopy (IPES) Energy-dispersive X-ray spectroscopy (EDS)
Kelvin Probe Forced Microscopy (KPFM) Infrared Spectroscopy (IR)
Density functional Theory (DFT) calculation Secondary lon mass spectroscopy (SIMS)

Chemistry Regime
Molecules Films & Particles

Fabrication Regime

Scanning Electron Microscopy (SEM) X-ray Diffraction (XRD)

Transmission Electron Microscopy (TEM) Fast Fourier Transformed (FFT) Diffraction
Optical Microscopy (OM) Selected area electron diffraction (SAED)
Focused lon Beam (FIB) Milling Neutron Powder Diffraction (NPD)
Scanning Probe Microscopy (SPM) Wide Angle X-ray Scattering (WAXS)

1. M.-c.Kim, Y. S. Meng et al., Advanced Energy Materials 2001753, 2020

Devices

Organic-Inorganic
Hybrid Perovskite

Performance

g Carrier Dynamics A

Photoluminescence (PL) Spectroscopy

Transient absorption (TA) Spectroscopy
Electron Beam Induced Current (EBIC)

Electrochemistry Impedance Spectroscopy (EIS)

Gurrent-Density measurement (JV curves)

J




Introduction . Nano-characterization

Challenges for Characterizing Perovskite Materials
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2. Inconsistency of data due to ion
(or defect) migration

Voltage (V)

Solutions for artifacts and inconsistency during the characterization

.

N\

Pristine or UV/Air expesed
MAPbDI, Nanowires
on TEM grid

Cryo-EM

Plunge froeze e
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Liquid Nitregen

Cryogenic Temperature?!
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In situ Technique?

CN-, Control

TiO,", Control

2D/3D Mapping3+#

1. Joule, 3, 11, 2854-2866, 2019

2. Nano Lett., 16, 11, 7013-7018, 2016

3. Nano Lett., 17, 2, 1028-1033, 2017

4. ACS Nano, 10, 6, 6306-6314, 2016




Advanced Characterization 8

Operational instability of perovskite materials ACS Energy Letters (2021) (First Author)

Operational Instability In-situ TEM configuration

Anode

I Perovskite

lon Operational
migration Instability

sem Thinning Process for TEM observation

l 120 nm

Detailed procedure



In-situ TEM techniques

Operational instability of perovskite materials ACS Energy Letters (2021) (First Author)

In-situ TEM observation under electrical bias
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2D/3D Mapping techniques
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1. Nat. Mat. 19, 412-418, 2020 3. Nat. Mat. 19, 412-418, 2020
2. Nat. Comm. 11, 3308, 2020 4. J.Phys. Chem. Lett. 7, 24, 5227-5234, 2016
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2D/3D Mapping techniques

Spiro-MeOTAD Spin-coating method

Static Spin-Coating
deposited film

Spin-coater
Solution Loading  surface Wetting Spin-coating

Dynamic Spin-Coating
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2D cross-sectional image
IS not a representative information
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2D/3D Mapping techniques e

FIB-SEM (3D Reconstruction) Static Spin-coating
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3-D reconstruction region

: (cross section)
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Dynamic Spin-coating
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Research Interest (1): Ultra-flexible Energy Harvesting Devices 13

++ Fabrication for super-flexible current collector

Perovskite
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« Ultra-flexible foldable solar cell
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Research Interest (1): Ultra-flexible Energy Harvesting Devices 14

Future Plans

+» Foldable Solar Cell Module for Automobiles

Daily Average

10 [m?] x1459 [kwh m-?] / 365 [days] x
20 % =8 kWh ~ 77 km
(Efficiency: 104 Wh/km, Lightyear One)

Foldable
Solar Roof / Solar Vehicles

In preparation



Research Interest (1): Ultra-flexible Energy Harvesting Devices 15

Future Plans

+ Investigation on the Mechanical Property of Perovskite Thin Film
: Toward Foldable Solar Cell
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Ultra-flexible Foldable Power sources
Crystal Growth Engineering Crack Propagation Engineering Folable Perovskite Solar Cell
Low angle grain High angle grain Transgranular Intergranular Bending Radius < 0.1 mm
Qe AL > 10,000 durable

Misorientation angle control
v Mechanical property engineering v" Crack propagation engineering from v' World’s best bending durable

v' Optical/Electrical property engineering misorientation angle control perovskite solar cell




Research Interest (2): Advanced Nanoscale Characterization 16

« Advanced in-situ characterization (under electrlcal biasing) ACS Energy Letters (2021)
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Research Interest (3): Integrated Energy Conversion & Storage Devices

+ Inteqgrated Flexible Solar Battery

/ Daytime: Charging mode Nighttime: Discharging mode @ )

Au/AgO Zn /Cu
cathode anode

Flexible
Solar Cells
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Wide Eg
Perovskite

Flexible
Battery

L Energy conversion & storage .

s Wearable Power Sources

Stretchable waveguide
AgNWs matrix / Micro-LEDs

Stretchable

flexible

skin sensor

4

Health-care Application Organic phbtodetector

(Self-powered E-skins)
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Perovskite Fabrication Procedure

Fabrication methods
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Spin-coating Spray-coating

Low efficiency
Material loss |
Large area
R2R process

* High efficiency
* Material loss 1
« Small area

Blade-coating/Ink-jet printing

» Low efficiency
« Material loss |
« Large area

« Patterning
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Thank you for kind attention.
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