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Quantum dot and their applications
Dong Ick Son

Quantum structures containing nanoparticles have attracted
much attention because of their promising potential applications in
electronic and optoelectronic devices operating at lower currents
and higher temperatures. The quantum dot is a particle of matter
so small that the addition or removal of an electron changes its
properties in some useful way. The Quantum dots typically have
dimensions measured in nanometers, where one nanometer is 10-
9 meter or a millionth of a millimeter. The emission and absorption
spectra corresponding to the energy band gap of the quantum
dot is governed by quantum confinement principles in an infinite
square well potential. The energy band gap increases with a
decrease in size of the quantum dot. In this review paper, we will
discuss the quantum dot and their application.

M2
A (quantum dot)> 1980t = A& Hi17}

Holoh GA s MAFAs Aol Fo|A B
F2(Louis Brus) HAReF gFElAJo] o}7] KLiE (Alexei
Ekimov)2HA7} 1983W 3} 1984 Sleto} ‘3tz ahA]
ol o 2h2 wheA| A4S WL, ol nt2 g
E oflde] w7k Y (quantum dot, QD)OJ2H= ©]
52 Bk 22, Ad 300 |7k FES ok whd

fAR= 2010\ SHITHOIIA BIAISIRIS RIUCH, 2012771K] BH=tat7 [& T R(KIST)0lA BiAL & A1 2l(Star post—

(¥, 2013 RE] S=ulsly ST R0M MAST RO XE] FO|Ct (eastwing33@kist.re.kr)

Lo o
N
ln
i)
N
jins
|
=
X
=]
i)
Holo

54 uEo] tieko = st At 9)
% QBIF(nPS I- V% PaL st 1 9 7
2(Cu), A(n) 18] FS) 0 FHHE VICA F
Y ER WYL} A8 BHoR ATHT gt [1-
3], PR A ozt 19 13 ol ekl

5%, vhole MM, AN, 29 5 BgA d7st A
PE 3 Glom 53] o] PaBdolze] Hg Al
b gt Sc @ 4 9w Seluebt 1 9788
FE3E Rofol 4 A Azl A 7142 1
glom] 3 4 glet [4,5], of2) £R) WY B
W A Eo] B 07 FAE I I A

om tazdole] Hgo Bt A7t AWE

’

ool rulLJ do w8 N o2 oot
o3 of T o ox
o ofy Rl ob

o2
2
ju)
flo

0]= 9] It (Photoluminescence) A}
I'Zd(Electroluminescence) AR 0]-8-35}o] t]
o] Fofo] Aol Hu 53| F IFgS o] &3t
AJ#E-L 2013 Nanosys2} 3Mell 2J8fl Liquid Crystal
Display (LCD)2] Back Light Unit (BLU)o| M3 &
e Ym0 R AgEo] &St Hlar, 2, 2017

%

g
[0
iy

e
fe)




i > =
L b @ - -
" —
e ':- [-I,f
ST

P s

Phetocanlysts

thor-slstov

[Fig. 1] Applications of quantum dots
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wavelength of quantum dots.
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[Fig. 3] (@) Schematic device structure of the QD light emitting
diode (QLED) consisting of substrate/Anode (transparent
conducting oxide (TCO))/hole transporting layer (HTL)/QD
emitting layer/electron transporting layer (ETL)/metal. (b)
Schematic energy diagram of the standard QLED structure
with pathway of hole injection and electron injection.
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[Fig. 4] (@) Schematic illustration of a LCD backlight unit (BLU)
containing the QD film, named as quantum dotenhancement
film (QDEFTM), developed by 3M and Nanosys. (b) Samsung
Quantum dot SUHD TV
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[Fig. 5] (@) DFT calculation of the density of states (DOS) for a
charge-balanced quantum dot with a clean bandgap. (b)
DFT calculation of the DOS for a non-charge-balanced
guantum dot (containing half the number of ligands as the
guantum dotin (a), showing a drastic increase in the midgap
DOS associated with trap levels (trap states are plotted in
light pink). In the case of a film with a significant density
of midgap traps, the quasi-Fermi level separation (and
therefore VOC) under the same illumination is limited by
the filling of the midgap states. (c) Schematic crosssection
of a PbS CQD with organic passivation (left) based on MPA,
an alkanethiol, and the hybrid passivation scheme (right),
in which both MPA and halides are present after solution-
phase treatment and solid-state exchange.
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[Fig. 7] (a) Representation of a prototypical colloidal quantum dot
(CQD) solar cell structure including a SAM between the ZnO
and the PbS CQD film. (b) XPS spectra of N 1s species of NPA
and NBA acids SAMs on ZnO after one CQD ligand exchange
step (TBAI + MeOH) shows how aliphatic SAMs are
damaged through the process as opposed to conjugated,
robust R-SAMs.
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[Fig. 9] D. I. Son and co-workers demonstrate inverted polymer
solar cells (iPSCs) containing a quantum dot (QD) monolayer
that bonds with the low-work function (WF) organic
material polyethylenimine ethoxylated (PEIE) by electrostatic
interaction. (a) The PEIE/monolayered QD heterostructures
serve as the electron transport layer, absorption layer, and
surface plasmon resonance (SPR) trigger for improving
photovoltaic performance. The iPSCs enhance the power
conversion efficiency (PCE) more than 20%, with an 8.1%
maximum PCE. (b) PCEs as a function of storage time for
unencapsulated PTB7:PC71BM inverted solar cells fabricated
with/without the CdSe monolayer in air under ambient
conditions.
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[Fig. 10] (@) Chemical modification (functionalization) process
and characterization. Schematic illustration of chemical
modification from ZnO@Graphene quantum dots (ZGQDs)
to octylamine functionalized ZnO@Graphene quantum
dots (ZGQD-OAs). (b) Surface functionalization through
chemical reactions of graphene nanoshell.
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[Fig. 11] (a) Devices fabrication process and characterization. Device
structure of the inverted PSCs without the ZGQD-OAs
Monolayer. (b) Cross-sectional TEM image of the inverted
PSCs with a ZGQD-OAs monolayer and magnified image of
ZGQD-OAS/PEIE/ITO layer (inset).
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[Fig. 12] (a) J-V characteristics of the inverted PSCs with/without
the ZGQD-OAs monolayer under the illumination of
AM1.5, 100 mWcm-2. (b) PCEs as a function of storage
time for unencapsulated PTB7:PC71BM inverted solar cells
fabricated with/without ZGQD-OAs monolayer in air under
ambient conditions.
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[Fig. 13] (@) Schematic of photoanode composed of graphene
and C60 nanoshells on the ZnO inner core surface, and
the magnified image of chemical bonding between
the functional groups and Zn2+ (Zn-O-C bonding). (b)
Schematic of water oxidation of ZnO-nanocarbon core-shell
QDs. (c) PL life time graph for bare ZnO, ZnO-graphene,
and ZnO-C60 QDs at 375, 383, 415, 460, and 500nm.
(d) Current density to potential (J-V) curves under on/off
chopped light at 0.6 V vs. Ag/AgCl (e) photodegradation
stability test. The sample powders were collected and re-
dispersed in new Rh.B solution with a time interval; 80 min
interval for ZnO and 40 min interval for ZnO-graphene.
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[Fig. 13] (@) Schematic of photoanode composed of graphene
and C60 nanoshells on the ZnO inner core surface, and
the magnified image of chemical bonding between
the functional groups and Zn2+ (Zn-O-C bonding). (b)
Schematic of water oxidation of ZnO-nanocarbon core-shell
QDs. (c) PL life time graph for bare ZnO, ZnO-graphene,
and Zn0O-C60 QDs at 375, 383, 415, 460, and 500nm.
(d) Current density to potential (J-V) curves under on/off
chopped light at 0.6 V vs. Ag/AgCl (e) photodegradation
stability test. The sample powders were collected and re-
dispersed in new Rh.B solution with a time interval; 80 min
interval for ZnO and 40 min interval for ZnO-graphene.
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