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An exciton is composed of an electron and a hole. The effective
distance between the electron and the hole within an exciton is
called Bohr radius of the exciton.

Exciton

of -—l..-.._itl:lrl. ag
- - - -_L-'u .
_-_J_J_.H""-—u—'-—' -
- e O o o o
citon Crbit

When the Iength of a semiconductor is reduced to the same order as the
exciton radius, I.e., to a few nanometers, quantum confinement effect
occurs and the exciton properties are modified.



Two types of Excitons

~—

Wannier (Mott) Exciton Frenkel Exciton
Extends over many unit cells Localized to a few unit cell

Mottt Exciton Frenkel Exciton
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For a spherical 11-V1 semiconductor QD, using the confined Wannier exciton Hamiltonian,
the energy expression can be modified to give:

|

n(n+1)%2 ' e

E,(R,n)=E_ + ( )2 ! .
2 uUR Are.eR 1

H ' 0 :

Eg: band gap of the bulk SC
n: quantum number

R: radius of the QDs
w=(me my) /(Mg +my)

€ : SCdielectric constant
h: Plank' s constant

& |

Electron-hole pair (exciton)

hydrogen like orbital
relative motion

The treatment is like an electron in hydrogen-like orbital



For the electronic transition from the valence band to conduction band (n =1),
ignoring small contributions from 1/ R term (strong confinement region):

AE, =change in band gap energy due to quantum-size effect

h° 1 1
E.(R)=E_+
o (R) 7 2R? (me m,

)

AsR | E(R)TA]
(Absorption wavelength decreases as QDs patrticle size
decreases)



Energy Level (VB/CB)of Various Semiconductors

8°T- NN £'5~#°5-
L7~ NN 88~

L'~ NN 6°9-

/

L~ NN - .
L'9~6"9- | NN\ £°6-

ON
‘ous
0
oM

‘OO

6°€- p's- ‘SOl
L'g- bs- 's'qs
6c-N7v- lasuj
L's- L's- "Suj
$9°€- s dul
8- NN L9 Nu|
pe- NN T qsen
- V'S SYyE9
§¢- SL'S- den
I't- 9°G- .Nm.__:U
2 S'v- NN 9 agu[n)
— T v 1T T 7T 1
L k b o o o
(Ad) 2BA SA ASaouy
Chr NN LS 2554d
) TR 2144
0'r~T'H-| NNI70's~T's- 3504
g e~1"p- Is~9's- 944
B
“ w_.mmm.? _wmm”%w- i
. . SPD
va.N- 6 v.o - —-—
aSuzZ
Suz
‘OLL
ouz
= S
°© o ¥ © @ o
(A) dBA SA AS1u7g

b=
f
f = )
2 3
(]
B a
o™
2
) &
@
o 2
(=] [4+] @
A - -]
3l M
m(
W)
3
2]
2 E 4 -
o =
B =
5> ~=
Y
8 2
2
(4]
@
~N
o
&
Vv
=
~
L
| E
+
D)
&
"
« N
,_nR
N

E,(R)=E, +

J. Mater. Chem. A, 2013, 1, 8694—-8709



EFEnE = (BRGK)

(bottom-up process)
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What should we know-Type | &Type |l

Radial distance
>

Type-l QD

Potentials
] &
&
ZnS
Organic Coating

Radial distance

Type-ll QD 0 "

Potentials
i
+
Cds
Organic Coating

Control band gap by varying the CdSe size

CdSe/ZnS

Energy level alignment



in My Lab

Synthetic Protocol
CdSeSZnS Alloy Quantum Dots for QLED
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Mass Production: 50-100 g/pot




Potential Applications

[Solar Energy Cell

Bioimaging [ Lighting

Quantum Dots

o [ Catalyst ]
Nanomedicine

[ Other Optoelectronics ]
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Unique Photophysical Process for QDs in Solar Energy Cell

Auger Process: Multi-exciton Generation
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One Photon




The application of Quantum Dots in solar energy
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QDs surface modification-organic ligands
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QDs surface modification-Inorganic ligands
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(N)REAHEFTRG BN TH
(hybrid bulk-heterojunction solar cells)
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(2) Schottky & & & I it & # (Schottky junction solar cell)
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Built-in potential can reduce exciton recombination
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(5) The QDs Solar Concentrator

Doctor-blade deposition of quantum dots onto
standard window glass for low-loss large-area
luminescent solar concentrators

Hongbo Li", Kaifeng Wu', Jaehoon Lim, Hyung-Jun Song and Victor . Klimov*
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These values yield h,,, of about 1.9%, which is about a factor of 3.4 below the "break-even' efficiency




Application of Quantum Dots
Empha5|s |n QLED
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Hurdles in QD-LED: Auger Recombination, Instability (Oxygen, H,O)
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Another Auger Process: Auger Recombination
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Controlled Alloying of the Core—Shell
Interface in CdSe/CdS Quantum

Dots for Suppression of Auger
Recombination

Wan Ki Bae,* Lazaro A. Padilha,* Young-Shin Park, Hunter McDaniel, Istvan Robel, Jeffrey M. Pietryga,™ and
Victor I. Klimov™
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High-efficiency quantum-dot light-emitting
devices with enhanced charge injection

Benjamin S. Mashford!, Matthew Stevenson', Zoran Popovic!, Charles Hamilton!, Zhaoqun Zhou’,
Craig Breen’, Jonathan Steckel', Vladimir Bulovic?, Moungi Bawendi®, Seth Coe-Sullivan’

and Peter T. Kazlas'*
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Solution-processed, high-performance
light-emitting diodes based on quantum dots

Xingliang Irai', fhenxing £ha ng'z, Yizheng Jin', Yuan Niu?, Hujia Cao”, Miaoyome 1.iangl, Liwei Chen”, Jianpu Wang™
& Niaogang Peng”

< 10F - - v - b - vy
g f\ 05 8 i
= — 08} 4
83 S [ | 0.6 7 '
. o I > | -
= il .
é EC; oal | | o 0.4 .
o 2 | | B .
2F o2} iy L | |
= E X i (0.71, 0.29)]
0.0 T -~ : 0.0 —
450 550 650 750 00 02 04 06 08
Wavelength (nm) CIE x
o d Luminance {(cd m =)
— 108 . 10° 1¢ e
& L- 25 = PSR . ! :'
9 5 10'—‘[ 10° £
3. . Bangeee = ;
e o £ 4o J10 2 20} oo o
£ s = »g E15 Ty
< BB § oy 0§ 2
s 4je § 'é" S 40 { S 1102 & § 10 |
- — a = /
= -5 — g sork - / 107 4 5
* = < y _
& -6 S Lo { V4 10 0
-7 2 3 4 5 6 78 10° 107 10°
-8 Voitage (V) Current density (mA cm™=)
-9

PMMA is prepared to be the electron transporting layer because of the balancing
exciton and tunneling effect .

Nature 515, 96-99, 2014.
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