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Abstract: Colloidal quantum dots (QDs) have gained attention for applications in quantum dot light emitting
diodes (QLEDs) due to their high photoluminescence quantum yield, narrow emission spectra, and tunable
bandgap. Nevertheless, non-radiative recombination induced by electron and hole imbalance deteriorates the
device efficiency and stability. To overcome the problem, researchers have been trying to enhance hole
transport properties of hole transporting layers (HTL) and/or slow down the electron injection in electron
transport layer (ETL). Here, we summarize two approaches: i) development of interfacial materials between
QD and ETL (or HTL); ii) engineering of HTL by blending or multi-layer approaches.

Keywords: Quantum dots, Quantum dot light emitting diodes (OLED), Interfacial materials, Charge transport,
Electron transport layer, Hole transport layer
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Figure 1. (a) An illustration of EL-QLEDs mechanism, (b)
radiation recombination, and (c) Auger recombination.

o
o
4
s

z

7}uj(Valence band, VB) &7} o] £X o x| A9
A717F F7]& ETLY Lowest unoccupied molecular
orbital (LUMO) 99} 923 A &= u](Conduction band,
CB) %919] o|x] Aol A7Hc}t 3 A= o A
2 el AR 2ol He WEThE Holrh 7=
B7%e] Aol 4 5o §71ERTt WA Hojun
2 AA7E Agol vle) WA Tl B dabol 24
gheh 1 Ak vl AR wfZoll @A A A H(Auger
recombination)o] 2]t H|Hrg A FAAbo] dojuA
g rh(Fig. 1b-c). 18] =& HTLI} ETLY] A3} 3¢ #
Fg PRE Aol Fas, o A 2 AYw
hofal A7 astnA a.

2. 375 Aol 28t QLED &E

Autx o2 ETLO] AA} o] =7} HTLL] HF 9]

W OB oA o 7ol A F¢
71 S84 ETLZ N8 ofab o2 o) 2
WRAL HTLR R g orel 4y 4
FEAN7N= ?7} WY = ATt ofof it

T

2.1. gﬁg _Tl—=r'—I|-

@w R sz} 4 Lo uwi=iog Qs Hxle] 1}

a by -
@ CHy (b) i
| g
o. 0 Ele
N S - - 2
2 e H® %'E -
5 s{— = L
CH cﬁ» B
e, £ 2
CH3 -7
PMMA B
-9
(0 @
. 10% h =[TO/HTLs/QDs
—=— Al/QDs/ZnO/Al = =[TO/HTLs/QDs/Zn0
E N Al/QDs/PMMA(Gnm)/Zn0O/Al ’ET, . = [TO/HTLs/QDs/PMMA/ZNO
< 10° @ 1077
; / E . \\\
2 5+ - LR
Z 10! e . A A,
§° e 2 102 % P,
- ¥
z — E ’a:" = B
B e 2 2
= "
[ 109

=]

107 100 50 100 150 200
Voltage (V) Time (ns)

Figure 2. (a) Structure of PMMA. (b) energy band diagram of
device. (c) Current density-voltage curves for the electron- only
devices and (d) Time-resolved photoluminescence (TRPL)
decay for the quantum dot films with different layers.
Copyright 2014, Nature.

FHa gl e Ao3d ApE, 20224



9 BAE A 5 Ak olg@ 18 4YFe
89 FHOE o|FoAuR T u§ Zue|A 2
Aol ek i AAEE HAU A4 A

A=, 2014 Peng A+H
o] poly(methyl methacrylate) (PMMA) J_—,—X}— E?j‘ 5k
A5 HIiFok(Fig. 2) [6]. PMMAS] F77F 6 nmd
o 2 AstE o 2 95 A & (External quantum
efficiency, EQE) 20.5% & R %91 o= PMMAZ <l
3ff ZnO ETLOJ A FAF C 2o HA 9] 7t =5
A st 9 ol %ol WEole wastel
th. 3% 100 cd/m’of| A 100,0004] 7k o]A+e] =& of
A 4 glong ol W Hold A2 o 4 9
S8k PMMA®] 577} 6 nmo] Ao 7197w
"ol Bado] ZkakA] Ueh 44k 1 Fgo] Holx:
Aste Wyt gebd do B Y S 3
Aol FRTE & 4 otk 20174 BAHE W A
o X+ 6 nm F7 9 poly(4-vinylpyridine) (PVPy)E
k281t ZnO ETLY] Z7+Z20 2 A3 18 vtx

rlr Lo
I-

D

O

FCHTL cheFe 248 3 PVPy S5 w4 AR
= "o} PVPyo N {A vlF& A o]
ETLQl ZnO 19| oy %] S HsAAF= AT

o sttt AL gha Wk s, PVPyet DPE'J B
AAE ZEA] 9k polystyrene (PS)S =3 7499
L 229 Ao A EAYE Ho|HA & A9
o|Fojz| A ottt a¥ER nE A nEAI F
Eom EQHS ) QLEDs 2ol T& Bl
E9o0] Hi AL ofde & 4 Atk

(a) ®
Oill

1 o

My H;

HO ANy~ OH

H
PEIE

v ozey. O T e
e
+ Som PEI

G @ __w
WS BRI
e

4
g
£
=\

Zn0
4 (8
e
PVK
n0
"% (4
o' )
PE!
PVK

J mA/cm2)

QA
By

PEI

V™)

Figure 3. (a) Chemical structure of PEIE. (b) Proposed energy
band diagram of inverted multilayered QLED showing a VBM
upshift of QDs by 0.6 eV when 15.5 nm PEIE was applied
and (c) current efficiency-EQE-luminance characteristics of
those two devices. Copyright 2017, ACS Publications. (d)
Chemical structure of PEI. (e) Schematic illustration of the
energy graph and (f) current density- voltage curve of red
QELD. Copyright 2020, Royal Society of Chemistry.
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Figure 4. (a) Chemical structure of zirconium acetylacetonate
(Zr(acac)y). (b) UPS of ITO/ZngoMgp O and 1TO/ZngoMgyO/Zr
(acac)s, showing the normalized secondary electron cutoff. (c)
EQE and power conversion efficiency (PCE) versus voltage
characteristics of the devices with the best efficiency and (d)
comparison of Zr(acac); and PEIE as interlayers for maximum
EQEs with different thicknesses. Copyright 2019, Royal
Society of Chemistry.
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Table 1. Device performances discussed in section 2
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Figure 5. Chemical structures of HTL materials.
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Figure 6. (a) Device schematic of QLED and (b) energy
diagram of different HTL materials. (c) Current density-
voltage-luminance (J-V-L) characteristics and (d) current
efficiency characteristics. Copyright 2013, ACS Publications.
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Figure 7. (a) Device schematic of QLED. (b) Energy diagram
of QLED. Copyright 2020, IEEE. (c) Schematic of the
cross-linking process of the blended HTL and (d) Energy
diagram of QLED. Copyright 2020, ACS Publications.
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Z71H 0 & Mo0s;¢t HTL Atole] AW A3e & o

FHa gl e Ao3d ApE, 20224
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.42 Agstol 43 B8-S FhBAIE Fo] THsshA
89 2 A SHEF EAolett Aol 2 AYE
B mRolAl Axet HRe] FY =S 2Fste] o] Hrh B kRo| At 27HA kAT, §7] B
A5 FUL DRNA G AFES SASAE AW Aol w4 22 48 DAl S Aol
Az nEA AAA L F5 ARS FUFOE B e HILS AWsAu /tng st ggom 34
T e Tt e i S A EL E1 OLEDYL 118
= o|Fold HTLS 4% & 5 SAAAL ¢ ssl9E obd 8% 9 gAY 2R} otgle
Wol taldl AAskat. F05S st arl o, 56l A4 A9E S0 A5 qus 8
22 ETLY A4 55 588 2aAAN AHAT  ABAPAS Bl ol B A AGALAe] A7
9 #Pe R PFOE o[ Fol Atk shAY, A 7t AFHOE Ay s ojof A},
Q%9 w4 £ Ao WaHo]w Al S4o| o
4 T el Bobd 4 SlE gol 22 ZIAfo| 2
olefl e A4 Ak Basi gz f7] HIL
o A9oli 22 HOMO dM3t £& A3 o $E8 o AP Fogwojetn ot saaTuz A9
7HA) = Aol ﬂmrﬂ o] $13)4] blend HTLH th3 ¥ %13(20214).
HTL A77h A5 gieh. £ A7 BF 2.2 HOMO ¢
W AU 243 2 A o FES AUr B4

Table 2. Device performances discussed in section 3

Lifetime
Device structure QDs Von Lmax CEmax PEmax - EQEmax (iniggl L Hhate OF Ref.
V)  (cdm®  (cd/A)  (Im/W) (%) @ 100 HTLs (cm*/V - s) ‘

cd/m?)

. . -6
ITO/PEDOT:PSS/PVK: Green S5 40900 " ) ] ] PVK 2.5 x 10 s
TCTA/ QDs/ZnO NPs/Al  CdSe/ZnS TCTA 2.0 x 10
ITO/PEDOT:PSS/PVK: Green PVK 2.5 x 10°,

Blend TAPC/QDs /ZnO NPs/Al  CdSe/ZnS 3:3 i 26.2 19:2 62 4000 rapc 10 x 102 1©
en
ITO/PEDOT:PSS/TFB: Green CBP 1.0 x 107
HTL - 90,159 216 123 - - S 17
CBP/ QDs/ZnO/Al CdSeS@ZnS ’ TFB 1.0 x 1072
ITO/PEDOT:PSS/TFB:
Red CBP-V,
CBP-V/QDs/ZnooMgo. O () o 22 - 32.8 36.8 223 - TEB 10 < 102 18
/Al
ITO/PMAH/TFB/PVK/ Red PVK 2.5 x 10%,
red QDs/ZnO NPs/Al CdSe/ZnS 27 98000 221 ) 127 ) TFB 1.0 x 102 0
ITO/PEDOT:PSS/TFB/ Blue PVK 2.5 x 10%,
PVK/ QDs/ZnMgO/Al  CdZnSeS/ZnS 246 13944 864 i 13.7 i TFB 1.0 x 10° 20
CBP 1.0 x 107
. | ITO/ZnO/QDs/CBP/ 2
Multi- Red CdSe/ZnS - - - - 11.1 864,000 TCTA 2.0 x 10°, 21
TCTA/NPB/HATCN/Al ’ ’
layer CTA/NPB/HATCN/ NPB 6.0 x 10
HTL | 1TO/Al-doped nO/PVPy/ Red
QDs/TCTA/MoOs/TCTA CdSe/CdZnSe/ - 91,628  18.6 10.19  9.66 - TCTA 2.0 x 10° 22
/MoOs/Ag ZnSeS
ITO/ZnO Red CdSe .
NPs/QDs/CBP/Cg/MoOx <2.0 10,700 - - 6.7 - CBP 1.0 x 10° 23
AL /Zn,Cd 1S
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