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Photophysical Properties, Hot Carrier Dynamics
in Metal Halide Perovskite Quantum Dots

/ / / / . . . . . . .
Longer hot carrier lifetime! Kinetics of the A-site cations Schematic illustration of possible
High tolerance to material’s defects! cross-exchange hot carrier cooling processes
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(1) Electron-phonon coupling occurs within 1 ps.

(2) The optical phonon decay into acoustic phonons.

(3) Up-conversion of acoustic phonons.

(4) Acoustic phonon emission to thermal equilibrium
with the lattice temperature.(5) Auger-heating.




Research Interest 1: The efficiency optimization of lead
chalcogenide colloidal quantum dot solar cells (CQDSCs)

V,.) losses.

Lead chalcogenide colloidal quantum dot solar cells (CQDSCs) have the potential
to revolutionize the field of light-to-electricity conversion with their exceptional
optoelectronic properties. Unfortunately, realizing their full potential has been
hindered by persistent and poorly understood limitations in fill factor (FF) and
open-circuit voltage (
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Research Interest 2: Photophysical properties of mixed tin and lead

perovskite quantum dots

1. The influence of the B site cation on HC relaxation dynamics in mixed lead-tin
perovskite quantum dots has not been explored so far. Understanding the
mechanisms behind the hot-carrier dynamics in Lead-free or mixed lead-tin
perovskite systems is critical to realizing their applications in lead-free
optoelectronic devices.

2. To develop the practical hot-carrier solar cell, the challenge is how to tune the
perovskites to further reduce the hot-carrier cooling rate for efficient
extraction of the high-temperature hot-carriers at low carrier densities (<108 cm-

3) in perovskites.
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Optimization
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Focus on PbS OD ligand engineering to
iInhibit charge recombination and enhance
carrier transport.

Exchange the long ligands adhered to PbS
QDs with short ligands in solution or using
the method of layer-by-layer.

Further passivation by dispersing PbS QDs
in solvents with different additives.

of PbS QD Solar Cell

-  Pp
=" A 4
o S \?—-‘Jff J’
SO A

Process for ligand exchange

-3.74

-3.91
-4.31 -4.25
BA-EDT
OA-EDT
'PbS AL
s -5.04
d -5.22
@ -5.50
g L zmo
=
=7.71
Energy level

SEM image of PbS solar cell

30 —a— OA-EDT
BA-EDT
g 25 [2999903000003000305,,,
3 10.7% %Q 13.2%
@
E 20 @
| .
Z 15} 2
=
a - I\o\
;Ej' 10 g\
= sl o
‘-’ \
0 1 1 1 q
0.0 0.2 0.4 0.6
Voltage (V)

J-V curves of PbS solar cells



Synthesis, Photophysical Properties and Application of Perovskite
Nanocrystal Heterostructures
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Research interest
» Synthesis chemistry of perovskite nanocrystal

» Photo-physical of perovskite nanocrystal heterojunctions

-/

» Photoluminescence imaging




Structural design and fabrication of lead-free perovskite LEDs

Research Interest

" » Synthesis of lead-free materials
3 '_.-"T Electron injection layer
. -% » Design and fabrication of LEDs
->
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Synthesis of Lead-Free Perovskites and their Light-Emitting Applications

Electronic chip
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Synthesis and Photo-Physics of Quantum Dots

Photo-physics Quantum Dots lasing
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