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What is quantum dot?
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What is quantum dot?

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

Photovoltaics
Optimum subcell bandgaps:
T T T T
23eVideV 0.8eV =120 Bandgap: |
" 5] < - 0.73eV
>
g PbS QD BrofaRn et E
'E 4] Bandgap range 2 —e- AR coated
e” 3] Triple junction: w
e Max efficiency = 49% S 90k
= 1 |
g’ % ol
§ (s}
S 14 =
e [
z £ 70F
04 e
500 1000 1500 2000 2500 1 g0
polymer Wavelength [nm] 26 2 34 38

. ‘8Phot§h0Energ3y2(eV)
Bawendi group webpage A. J. Nozik, and M. C. Beard, et al.,
Science 334, 1530 (2011)

v Promise efficiency boost via minimizing thermal
loss (hot carrier utilization)

R. D. Schaller, and V. I. Klimov, Phys. Rev. Lett., 92, 186601 (2014)



Potential for Optoelectronic Applications

Photovoltaics LED/Display
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Potential for Optoelectronic Applications

LED/Display

InP QDs
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Research Field
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Research Field
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Colloidal Quantum Dot Synthesis

Hot injection
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Surface Modification

Ligand exchange
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Optoelectronic Applications

Photovoltaics Photodiodes
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Quantum Dots with lonic Crystal
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Properties Depending on Surface Modification

Ligand-dependent Mobility Layer-by-layer (LBL) Process
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Properties Depending on Surface Modification
CQD Solar Cell using LBL Process

J. H. Song, et al., Adv. Mater., 2015, 27, 8102
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Surface Modifications for Efficient PVs (trap density)

Control of surface defects by solution phase ligand exchange
(Diffusion length)
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Properties Depending on Surface Modification

Ligand-dependent Doping Stoichiometry Doping
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

Ligand-dependent 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

=259
a H . .
F7| A Reflection suppression structure

using refractive index control of QDs

1 = o
M=E &2 <30
771 2jZt= §
g
35 =20+ PCE| 11.23] 12.34
| —_PSoA & Jsc | 26.91| 29.29
5 PbS EDT @ — - :
5 ——PbS | 5 Voc |0.6237|0.6295
c 30 010+ FF | 66.92| 66.92
g
~ g NE Pz
5 25 & g 7 AN =
©
-
O 20 : - : - : -
o’ —_— 0.0 0.2 0.4 0.6
i Voltage (V)
.300 | 460 | 560 | 660 | 760 | 860 | 960 ‘10‘00‘
Wavelength (nm) Paper in preparation



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

Ac = 1050 nm
Ink/DDT (An = 0.92)

Ac = 1200 nm
Ink/BDT (An = 0.54)

Reflectance (%)

100

100

Experimental Results

ink/DDT N
(An=0.92)
804— 2 pair
— 3 pair
—— 4 pair
604 opar
2= 1050 nm
40
20
0 "] T T T T T
400 600 800 1000 1200 1400

Wavelength (nm)

Experimental Results

1600

ink/BDT
(r\n=0.54)
80 2 pair
— 3 pair
;\3 —— 4 pair
o 60- 5 pair
e %= 1200 nm
©
5
2 40
)
(14
20 -
o 7 T T T T T T
400 600 800 1000 1200 1400 1600

Wavelength (nm)

Reflectance (%)

Reflectance (%)

Calculation Results

100 4~ =
ink/DDT (Cal.) P \
— 2 pair f
—— 3 pair
oy P pair
— 5 pair
2= 1050 nm
60 4
40 4
204
O T T T T T T
400 600 800 1000 1200 1400 1600

1004

80+

60 -

40+

20

04

4

Wavelength (nm)

Calculation Results

ink/BDT (Cal.)
— 2 pair
—— 3 pair
— 4 pair
5 pair

00 660 860 10|00 12I00 14|00 16I00

Wavelength (nm)



THE JOURNAL OF

PHYSICAL

pubs.acs.org/JPCC

Tunable Infrared Bragg Reflectors of Entirely Ligand-Engineered
Lead Sulfide Quantum Dot Layers

Jung Hoon Song, Jugyoung Kim, Moses Kim, Jung-Gyu Park, and Jang-Won Kang*

Cite This: https://doi.org/10.1021/acs.jpcc.5c06300 I: I Read Online

feveatoeceececed




Emerging Applications of CQD Devices

Wireless Charging Systems
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Emerging Applications of CQD Devices

Wireless Charging System Using NIR
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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 Ligand-dependent Energy Level
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Quantum Dots with Covalent Crystal
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Surface Modifications of Covalent Crystal QDs
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Surface Modifications of Covalent Crystal QDs

20HA HEHIH A (Two step surface modification) 7| = 7f2
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Fabrication of Solar Cells using Covalent Crystal QD

Analysis of physical properties of covalent crystal QDs
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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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Photo & E-beam Lithography
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Properties Depending on Surface Modification
CQD Solar Cell using LBL Process

J. H. Song, et al., Adv. Mater., 2015, 27, 8102
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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

Ligand-dependent Energy Level

D. M. Kroupa et al., Nat. Commun., 2017, 8, 15257
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Properties Depending on Surface Modification

Pb/S Ratio

Intrinsic non-stoichiometry
Choi et al. J. Am. Che. Soc. 135, 5278 (2013)
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Doping by Physical Adsorption of Oxygen Molecules
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Properties Depending on Surface Modification

Surface modification and induced photovoltaic effect
due to external bias
MSM device Initial condition After applying positive bias at Au
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Defect Concentration Depending on QD Size

Size- dependent trap density Llfetlme and trap density
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Surface Modifications for Efficient PVs (trap density)

Surface defect control through effective surface ligand exchange
(Diffusion length)
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Surface Modifications for Efficient PVs (trap density)

Surface defect control through effective surface ligand exchange
(Diffusion length)
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Supplementary Information — 3D PL Measurement
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Strategy for High-Efficiency Quantum Dot Solar Cells

Absorption of Long-Wavelength Light

W. Shockley, H. J. Queisser J. Appl. Phys. 32,510-519 (1961)
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- Thin-film quantum dot solar cells
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—> High refractive index PbS CQDs
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Strategy for High-Efficiency Quantum Dot Solar Cells

Effective long-wavelength light absorption

= Thicker active layer

- Enhanced space charge region through doping control

+ Extended diffusion length through improved material quality
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Optimized QD Solar Cell Structure

PCE variation with PbS quantum

dot thickness
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a high refractive index

» Light absorption decreases due to
optical interference.

» The optimized thickness of the acti
ve optical layer can exceed 400 nm
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Fresnel reflection and internal reflection

Internal reflection in
solar cells
(Fresnel reflection)

Proposed structure to suppress
internal reflection
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Fresnel reflection and internal reflection

Internal reflection in
solar cells Proposed structure to suppress

(Fresnel reflection) internal reflection
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Effects of optical interference on QD solar cells
Jsc and external quantum efficiency characteristics of a planar device
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Effects of optical interference on QD solar cells

PCE and fill factor for flat devices
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Effects of optical interference on QD solar cells

PCE and fill factor for flat devices
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