Hybnd & Orgamc Matenals for Energy Applications @ Cd:yu Hon Kon.

OQ

HKIAS Rising Star Lecture-Chemistry
(30th Sep. 2021)

Molecularly Engineered Interfaces in Metal Halide Perovskite
Optoelectronic Materials and Devices

Angus Hin-Lap Yip (E&F1I)

Department of Materials Science and Engineering
School of Energy and Environment
Hong Kong Institute for Clean Energy
City University of Hong Kong

Web: www.yipgroup.info

Department of ' @R @\ Hong Kong A Centre for
Materials Science and Engineering School of Energy and Environment = = =4 Institute for Q ;L;n(.;,ﬁOI_"IOI

OToNICS
Eramie B g ons »uwuw Clean Energy \m/ PREKF RS




Research Interests & Highlights

> Structure-property relationship study of organic and hybrid perovskite electronic devices
> Device physics and photophysics of optoelectronic materials and devices

» Emerging light emitting materials and devices

> Printing and patterning techniques of flexible and large-area electronic devices

> Design of new photovoltaic technology for building integration

Perovskite LEDs

* RGB & White Perovskite LEDs
» Carrier Dynamics Study

Organic solar cells

Academic Research Towards Commercialization Development

Perovskite Solar Cells

* Molecular Interface Design
« Composition & Dimension Engineering
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Lev Perovski (1792-1856)

Background: What is perovskites?
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For metal halide perovskite materials, both the
composition and dimension can be modulated.

It has inorganic semiconductor properties, but can be
processed like organic materials (solution processes).
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Crystal Structure Determines Electronic Properties
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Seminal Work on Metal Halide perovskites

First reported LED in 1994 (at ultra low temp.)

Organic-inorganic heterostructure electroluminescent device
using a layered perovskite semiconductor (CgHzC,H;NH3)-Pbl,

M. Era, S. Morimoto, T. Tsutsui, and S. Saito

Department of Materials Science and Technology, Graduate School of Engineering Sciences,

Kyushu University, 6-1, Kasuga-shi, Fukuoka 816, Japan

electroluminescent (EL) device. The EL spectrum of the device corresponded well to the
photoluminescence spectrum of the PAPI film; the emission was peaking at 520 nm and half-width
of the emission was about 10 nm at liquid-nitrogen temperature. Further, highly intense EL of more

Appl. Phys. Lett. 65, 676 (1994)
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Superior Optoelectronic Properties

Direct bandgap
‘Sharp absorption edge
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Solution processibility
Flexible & printable devices

J. Mater. Chem. C 5, 531-538 (2017)



Recent Advances in Perovskite Solar Cells
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Recent Advances in Perovskite LEDs

—QO— Near-Infrared PeLEDs (710 nm — 1000 nm)

—0O— Green PeLEDs (510 nm — 550 nm)
—O— Red PeLEDs (610 nm — 710 nm)
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—O— Blue PeLEDs (450 nm - 500 nm)
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Molecular Interface Engineering

Nobel laureate Herbert Kroemer (Physics 2000) : “The interface is the device”
> Two types of Devices: Metal Halide Perovskite Solar Cells and LEDs

> Two types of Interfaces:

1. Molecularly engineered Interfacial materials
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» Energy level alignment
» Surface trap passivation
» Doping or doping free

» Interfacial stability

» Wetting property

» Polymer/small molecule
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2. Molecularly engineered perovskite materials
» Dimensional engineering
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Traps and Trap Passivation in Perovskite Materials

Different forms of defeats
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Designing Polymer Interlayer with Passivation Functionality

Polymer interlayer functionality =

» Charge selective layer al

> Protective layer 7 T

> Modify electrode WF % = 5 §'§!2‘;’)
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Improving Photostability by Suppressing Halide Phase Segregation

Light-induced halide segregation (eg. CsPbl,Br) Improved Photostabilty
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Other Functional Interlayer Materials for Perovskite Solar Cells

Dopant-free thin HTL

Trap passivation
molecular acceptor

Dopant-free, low cost thick HTL

6TIC-4F

Adv. Mater. 2020, 32, 1908011

Nat. Commun. 2020, 11, 177
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Tailoring organic/perovskite interactions to improve
performance/stability of the hybrid devices

2. Molecularly engineered perovskite materials

o b @ PHS
@ MA* *g NAPH* B

353 / l’ WD A
<§><}><%><%> N
2 VO

@ » Dimensional engineering
» Quasi 2D/3D structure
» Layer orientation

S pi g, sl NN  SERK S |nterf h
FESD 1WI sage I ’ I:r:te ace co ?cfrency
SLOD* 4}%@} assivation effect
e mnemwiee 3 S bjlity
é N [/ )
Stable Sn/Pb Low Bandgap High Performance MA-Free PSCs

Perovskite Solar Cells with a
Coherent 2D/3D Interface

K/\NH Dimensional Engineering: Efficient MA-free
N_(a_nmimpmpy,)z Perovskite Solar Cells With a Graded 2D/3D
U : -2-pyrrolidinone ) L Perovskite Heterostructure p

Chen, Yip et al, iScience 2018, 9, 337 Yao, Xue, Yip et al, Adv. Mater. ASAP



Stable Sn/Pb Low Bandgap Perovskite Solar Cells
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2D/3D Perovskite with Coherent Lattice
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Device Performance and Stability
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Device Performance with reference molecule
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High Performance MA-free PSC with Graded 2D/3D Perovskite

beta-guanidinopropionic acid

MA-free PVSCs (FA; 45Cs; o5sPbl;)
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Perovskite Film Morphology and Ambient Stability
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High Performance MA-free PSC with Graded 2D/3D Perovskite
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Molecularly Engineered Interfaces in Perovskite LEDs

Polymer template-aSSISted in-situ growth of CstI Br3 x NCs ﬁlm
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Molecularly Engineered Interfaces in Perovskite LEDs

Energy Funneling in Quasi-2D NCs for Blue PeLEDs | Synergetic Triple Additives for Trap Management
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Two types of Interfaces

Summary

1. Molecularly engineered Interfacial materials

Top Interlayer Bottom Interlayer

» Orthogonal processing » Support upper layer processing
» Diffusion species blocker » Wettability, control film growth
» Interfacial strain control » Diffusion species blocker

» Charge Selective » Interfacial strain control

» Surface trap passivation > Surface trap passivation

» Max. quasi-E¢ splitting » Max. quasi-E splitting

» Charge generation » Optically transparent

» Thicker film » Thin film

» Reflective index (Low?) » Reflective index (1.5 <n < 2.5)
» High conductivity » High conductivity?

2. Molecularly engineered perovskite materials

@»rme » Dimensional engineering
S=r==% > Quasi 2D/3D structure

Ry .
H*IIAI'-II‘

W ) . > Vertical distribution
@*@*@*@_’M‘I SRR ¢ > Interface coherency

> Precise Passivation

Pesiodiic Verfical- growth 2D perovskile 2D perovekile

» Semiconducting organic layer?
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Momentum Transfer Q, [nm'1]
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Control Orientation of Layered Perovskite

Hot-casting temperature management g
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