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What is quantum dot?



What is quantum dot?



Potential for Optoelectronic Applications



Potential for Optoelectronic Applications
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InP QDs



Research Field
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- FETs
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Device Applications

- PVs, PDs

- LEDs

- Ligand exchange(ink)

Surface Modification

- Core -shell ( InP/GaP/ZnS) 

- Selective adlayer  formation 
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Research Field

- Hot injection

- Continuous injection

- Heat-up

A: anion precursor

B: cation precursor A + B

CIGS, AIGS, InP , CdSe, 

AgBiS 2, PbS, PbSe

A: anion precursor

B: cation precursor

Synthesis
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Hot injection

Heat-up

A: anion precursor

B: cation precursor

A + B

PbS, AgBiS2, CuInGaSe2

A: anion precursor

B: cation precursor

AgInGaS2, InP 



Ligand exchange

Adlayer formation (Core -shell)

Shake, 3s

Surface Modification



Photovoltaics

Optoelectronic Applications

0.0 0.2 0.4 0.6
0

5

10

15

20

25

30
 Purified

 Pristine

C
u

rr
e

n
t 
D

e
n

s
it
y
 (

m
A

·c
m

-2
)

Voltage (V)

ConventionalNew

QD EL LASER

Photodiodes



Quantum Dots with Ionic Crystal 
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Properties Depending on Surface Modification 

Ligand -dependent Mobility

Liu et al., Nano Lett., 2009, 10, 1960

HS(CH2)nSH
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n:

Å‚▫♩͙ḙ╞↔ἵ▫╥ҿ▬∟ᵙ⁄ӻגᶹἛⱠ‡ ⅝

Åὡ̛ἵ▫ό ̯⅝ḓ̛ἡἌύ╥˿↕и╘♣ҵҵתּ♣‚

Luther et al., ACS Nano, 2008, 2, 271

repetition

ligand exchange

QDs deposition

Layer -by -layer (LBL) Process

Key Issue

Å ╘ᵙʼӥᴛ̪ ᾎ, Ḗᵢ╥ʾ︠גḛỸ



PropertiesDepending on Surface Modification 

CQD Solar Cell using LBL Process

layered structure

100 nm

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

certification

~ 8.5 % PCE



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
Voznyy et al., ACS Nano, 2012, 6, 8448

Stoichiometry Doping
Bozyigit et al. Nat. Commun. 2015, 6, 6180



Surface Modifications for efficient PVs (doping )

Various structures of quantum dot solar cells

CQD-sensitized solar cell

(LED ) CQD thin film solar cell

(

)

Operating principle of thin-film quantum dot solar cell
Space-Charge 
Region

(SCR)

Quasi -
neutral 

region 

Quasi -
neutral 

region 
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p-n junction

Drift DiffusionDiffusion

♣ ╥╪ҿ
Å Drift region : Doping concentration, Energy level etc.

Å Diffusion region :  Trap density, Mobility, etc. 

Ḗᵢ ‚▫♩ Ąתּ♣‚ Drift solar cells*

Drift region (~300 nm) > Diffusion region (~100 nm)



Surface Modifications for efficient PVs ( doping )

 SCR 

!ǳ

PbS -QD

ZnO

ITO
Glass

QD

Mercaptopropionic acid

MPA
p: ~ 1017 cm-3

W: ~ 150 nm

ὡͯ
ς‐‐ὠ

ήὔ -qVbi

W (SCR)

SCR ~

Space charge region increase by doping concentration (Drift region )

500 nm

ITO: 150 nm

½ƴhΥ млл ƴƳ

PbS CQDs: 250 nm

Au: 100 nm

ITO: 150 nm

ZnO: 100 nm

PbS CQDs: 400 nm

Au: 100 nm

MPA TBAI

500 nm

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

Iodide
 (tetrabutylammonium iodide)

TBAI

QD

p: ~ 1016 cm-3

W: ~ 300 nm

Voznyy et al., ACS Nano, 2012, 6, 8448



Ligand-dependent Energy Level
Brown et al., ACS Nano, 2014, 8, 5863

Properties Depending on Surface Modification 

Å ᶔᵙʼӥ˺ ⁄╥ ♣▫◓Ṫ

Ą surface dipole moment



Properties Depending on Surface Modification 

Improved performance through band alignment engineering 
C. M. Chuang et al., Nat. Mater., 2014, 13, 796



Control of optical Properties by Surface Modification

300 400 500 600 700 800 900 1000
1.5

2.0

2.5

3.0

3.5
 PbS OA

 PbS EDT

 PbS I

R
e

fr
a

c
ti
v
e

 i
n

d
e

x

Wavelength (nm)

̰̃♇ᵆ╢
ᶱ͖ḖҲ

♄̰♇ᵆ╢
┘͖ᵖʹӢ

Reflection suppression structure 

using refractive index control of QDs

Paper  in preparation   



Control of optical Properties by Surface Modification
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Fabrication of Quantum Dot DBR
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Experimental Results /ŀƭŎǳƭŀǘƛƻƴ wŜǎǳƭǘǎ

Ink/DDT Ą Ўὲ πȢψυ 



Fabrication of Quantum Dot DBR

Experimental Results Calculation Results

‗ ρπυπ ὲά 
Ink/DDT (Ўὲ πȢως) 

‗ ρςππ ὲά 
Ink/BDT (Ўὲ πȢυτ) 

Experimental Results /ŀƭŎǳƭŀǘƛƻƴ wŜǎǳƭǘǎ





Wireless Charging Systems

Emerging Applications of CQD Devices

Eye-Safety Sensor Systems

Near IR (NIR)

750 ~ 1400 nm

Short-Wave IR (SWIR)

1400 ~ 2500 nm



Wireless Charging System Using NIR

Photovoltaics module

integrating 8 cells 

target: ~ 910nm

~10%

~20% Efficient & Stable 

operation in NIR

S.-W. Baek et al. Adv. Mater., 2018, 1707224

Emerging Applications of CQD Devices



Eye-Safety Sensor System Using CQDs

Emerging Applications of CQD Devices
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Band Alignment Engineering

Paper preparation

Improved Performance through Ligand-dependent Energy Level



Quantum Dots with Covalent Crystal 
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2Ѿ́ ᶔˌֿפ (Two step surface modification) ͙ὥˌḛ

1st step 2nd step
Step 1

Before After

DMF

Hexane

Surface Modifications of Covalent Crystal QDs
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J. H. Song et al. Nat. Commun., 2018,9,4267
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1st step 2nd step
EDT MPA Br - Cl- I-

Step 2

Surface Modifications of Covalent Crystal QDs

PL
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J. H. Song et al. Nat. Commun., 2018,9,4267



Fabrication of Solar Cells using Covalent Crystal QD 

Materials
Mobility

(cm2 V-1 s-1)

Carrier Concentration

(cm-3)

Trap Density

(cm-3)

Diffusion

Length

(nm)

InAsïBr
1.55³ 10-3 (FET)

1.34 ³ 10-3 (3D PL)

2.77 ³ 1016 (FET)

4.65 ³ 1016 (CïV)

3.32 ³ 1017

(3D PL)

30

(3D PL)

InAsïMPA
2.25³ 10-3 (FET)

1.78 ³ 10-3 (3D PL)

1.28 ³ 1017 (FET) 

1.27 ³ 1017 (CïV) 

1.24 ³ 1017

(3D PL)

60

(3D PL)

Analysis of physical properties of covalent crystal QDs

Device for Covalent Crystal QD Applications

Key Issue:

Å High doping concentration 

Å Only n-type doping polarity

Å Short diffusion length
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J. H. Song et al. Nat. Commun., 2018, 9, 4267



Fabrication of Solar Cells using Covalent Crystal QD 

Charge-Selective, Narrow-Gap InAs QD for Highly Stable and 
Efficient Organic Photovoltaics

Y. Park et al. Adv. Mater., 2022,12,2104018
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Properties Depending on Surface Modification 

CQD Solar Cell using LBL Process

layered structure

100 nm

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

~ 8.5 % PCE



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

44 / 45



Properties Depending on Surface Modification 

Intrinsic non -stoichiometry

/ƘƻƛŜǘ ŀƭΦ WΦ !ƳΦ /ƘŜΦ {ƻŎΦморΣ рнту όнлмоύ

Ligand -induced 

non -stoichiometry
Hughes et al. ACS Nano 6, 5498 (2012)
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Doping by Physical Adsorption of Oxygen Molecules

Y. Zhang, et al. ACS Nano, 2015, 9, 10445

N2

Air exposurefor 1h
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