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What is quantum dot?
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What is guantum dot?

Spectral range of CQDs with various semiconductor materials
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Potential for Optoelectronic Applications
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LED/Display

LED/QD Film/CF etc..

QD-LED (OLED compatible)
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LED/Display

LED/QD Film/CF etc.. QD-LED (OLED compatible)
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Research Field
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Surtace Modification

Ligand exchange

} Shake, 3s

’
e

/ cation layer _,9-‘--"°jff_,'jf° ¥ 3 anion i
nonpolar \e P 405 , layer i
solvent O ERCeteses 1 i
eteeceses. | 5

i oot solvent
~~~~9 OA @Pb @S ;
o . J |- QNHA+ //'

(nm)

&
o
=

=i~ Untreated
| -@-NH,F
—-NH,Cl
“~NH,Br

- ~€=NH,|

X =Cl, Br, | 0 7

Time (day)

Peak Shift
a

)
(=
S




Optoelectronic Applications

Photovoltaics Photodiodes
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Quantum Dots with lonic Crystal




Properties Depending on Surface Modification

Ligand -dependent Mobility Layer-by-layer (LBL) Process
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Propemtipesidi ng on Surf ac
CQD Solar Cell using LBL Process
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Surface Modifications for Efficient PVs (

trap density )

Control of surface defects by solution phase ligand exchange
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Properties Depending on Surface Modification

Ligand -dependent Doping Stoi chi ometry
Voznyy et al., ACS Nano, 2012, 6, 8448 Bozyigit et al. Nat. Commun. 2015, 6, 6180
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Surface Modifications for efficient PVs  (doping )

Various structures of quantum dot solar cells
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Surface Modifications for efficient PVs (  doping )

Space charge region increase by doping concentration (Drift region )
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Properties Depending on Surface Modification

LI gadhedpendent Energy Level

Brown et al., ACS Nano, 2014, 8, 5863
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Properties Depending on Surface Modification

Improved performance through band alignment engineering
C. M. Chuang et al., Nat. Mater., 2014, 13, 796
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Control of optical Properties by Surface Modification

. EXV Reflection suppression structure
using refractive index control of QDs
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Control of optical Properties by Surface Modification

High index layer: PbS ink
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Fabrication of Quantum Dot DBR

Experimental Results
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Fabrication of Quantum Dot DBR

Experimental Results Calculation Results
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Emerging Applications of CQD Devices

Wireless Charging Systems
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Emerging Applications of CQD Devices
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Emerging Applications of CQD Devices

Eye-Safety Sensor System Using CQDs
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Band Alignment Engineering

Improved Performance through idgpaddent Energy Level
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Quantum Dots with Covalent Crystal




Surface Modifications of Covalent Crystal QDs

2CO 3 D (Two step surface modification), @ e

1S'st ep - !
. ~ " Step 1

- D

Peel-off Native Ligand L —
NOBF, ’* - Hexane
6””, DMF -
WM\ Oleate -~ —_—
- As,0, Before After
XPS FT R XRD
_ | ==—1nAs-oleate As 3d = |NAs -oleate
=) Naked InAs Naked InAs
8 CH
b - - ~~
= i I =
: ‘-L~r4——J A <
= : : Naked InAs %)
— [ c
o) I - >
I~ | O
© I I
£ I
§ === InAs -oleate ‘ | I
—_—r ——t———— — - —
46 44 42 40 38 4000 3000 2000 1000 10 20 30 40 50 60 70
Binding Energy (eV) Wavenumbers (cm 1) 2 theta (q)

H. Sdmdoentmual0.184267



Surface Modifications of Covalent Crystal QDs

2CO 3 D (Two step surface modification), @ e
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Fabrication of Solar Cells using Covalent Crystal QD

Analysis of physical properties of covalent crystal QDs

Material Mobility Carrier Concentration Trap Density DLiffusitc;]n
ateriais (cm? V-1sl) (cmrd) (cmrd) (ennrg)
nASi Br 1.5% 103 (FET) 2.773 10 (FET) 3.323 10% 30
1.343 103 (3D PL) 4.653 10 (Ci V) (3D PL) (3D PL)
nAS MPA 2.2% 103 (FET) 1.283 10Y (FET) 1.243 10V 60
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Fabrication of Solar Cells using Covalent Crystal QD

Charge-Selective, Narrow-Gap InAs QD for Highly Stable and
Efficient Organic Photovoltaics
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Properties Depending on Surface Modification
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Properties Depending on Surface Modification
Ligand -dependent Energy Level
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Properties Depending on Surface Modification

Ligand -dependent Energy Level

D. M. Kroupa et al., Nat. Commun., 2017, 8, 15257
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Properties Depending on Surface Modification
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Doping by Physical Adsorption of Oxygen Molecules

Y. Zhangetal. ACNanq 2015, 9, 10445

Airexposurefor 1h

46/ 45 Wo | & { 2y =2 YSviby/h B Hbel



