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Abstract: We report highly efficient quantum dot light-emitting diodes (QLEDs) with TiO2 nanoparticles (NPs) as an alternative
electron transport layer (ETL) and poly (methyl methacrylate) (PMMA) as an insulating layer. TiO2 NPs were applied as ETLs
of inverted structured QLEDs and the effect of the addition of PMMA between ETL and emission layer (EML) on device
characteristics was studied in detail. A thin PMMA layer supported to make the charge balance in the EML of QLEDs due to its
insulating property, which limits electron injection effectively. Green QLEDs with a PMMA layer produced the maximum
luminance of 112,488 c¢d/m? and a current efficiency of 25.92 cd/A. We expect the extended application of TiO2 NPs as the

electron transport layer in inverted structured QLEDs device in the near future.
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AZ 719t0. & sk GAPE AAYE AXHquantum dots
light-emitting diodes, QLEDs)7} 7] £9] 8.7] ¥ba A A}
(organic light-emitting diode, OLEDs)ZE o]2 XA}
dageo] Ve eE 2 A B2 A7 Al e AL Qo) [3].

AR L e52 U= QLEDsO|A = A} 2455 (electron
transport layer, ETL)2. 2 £7] ZnO NPso] 7}&F d¢]
AFR-EIC} [4]. ZnO NPs+= conduction band minimum
(CBM) &2]71 &%= (emission layer, EML)2] CBM<2} 8]
225}l valence band maximum (VBM) &¢]7F Z1o] A
Zol EMLES AU A4t 24502 ol gate 21 &
Ho 2 xojstct. sHA e ZnO NPs= ARt o E57} upe
7] tizoll EML SolA &ste] w32 Zalisto] vdA
d Auger A 752 57HAA AR g S§7d0]
Qojx|= A7 AYSCE £S5 -G7] gafof] BAFA] 20
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A SAl0] WAshe AL oA 2R Eat sl dslof gt

2] QLEDs®] ETLE o2 & 9= TiO, NPs=
CBMo] QDs@t FASHHA ZnO NPs®ETh AA} o] 5 =7}
Wi sk QbR o] Eohe A4S 7hAl 3 9lek[5.6). 3t
A19F QLEDsO|A] ETLE 2.2 TiO; NPsS Al835t= 4%
A% =2 AREER Qe F2 AFass 71A ol
oigt %7191 A7t ojxie] ® @ st (7],

2 Ao A = TiO, NPs 9jof] AR <Ql Poly(methyl
methacrylate) (PMMA)E Z 835t QLEDs AXIS A&
sleich. PMMAS Aoid| 2 EMLE 0 2 0] MA} 9] A|st
s EARUEE IE & ol XS IR 11 Q)T
23S E5} TiO; NPs 9]0 PMMAES &K 0 g2 A
5to] QLEDs 2AHE AlATshaL g9 WgE42 =l
il
Tloz NPs+= isopropyl alcohol (IPA, 99.5%), titanium
isopropoxide (TTIP, 95.0%), oleylamine (OLA, 70%)
A Z/F4E AHESto A5ttt TTIPE IPAO] 83514
71 =] OLAE A7}sto] wytsict 72]3 TTIP 88 2-
neck FetA30] 22 S IPA &t /4S5 A2 802 2
of £, 1 % 100°CoflA] 1A7F 52t BA| )& 1385t
S U AAE 94 25t Y. 2d Ue JAH
A& R A SeE A7 E Hsl IPA] &3l o] ThA
¥ A4 Pesloirt #a2o] A" TiO, NPs& 1.8
U Pei2 e § ARLE AALsHE

Inverted +%°] QLEDs= ITO/TiO,/PMMA/QDs/
CBP/Mo0Os/AlZ AAE] T WA ITO glassS [PA 8H
1} DI waterg AHE-SHO] ZH2F 102 &-F A8 st 2715
AAsETt Ea 7|He RayoR grEo] 2] 9
UV-ozone A2]& 158 &9 533 t}. Spin coating 4}t
Ho 2 [TO glass Yof TiO,E 3,000 rpmO 2 60& =9F

B3l 100°CollA 308 S5oF dx2]519ch. PMMAS
O}Aﬂ%oﬂ TAIA =9 rpm2 MR St A”SHL
70°Col A 108 EX|2]5tic}. ©d=0 2 AFE-3St Green
QDs+= 2,000 rpm o 2 20% =2t 78519t} o] <, CBP,
MoO3 ¥ Al-2 thermal evaporationg o]-83stof z+zt 40
nm, 10 nm, 100 nmE A5ttt 919] W& &ol Al
At=l QLEDs9] ¥Hd-EA S Keithley 2400 source meter
2} Konica Minolta CS-20002 AtL5to] A4 5H% .

Inverted +& 9] QLEDs= A& $£4-Z(hole transport
layer, HTL)2} EMLZ-9] of|A] o] Zasto] 59
A Yo st 5w P = 24 Aot 12eg 2
Ao A = inverted 29| QLEDs £AHE AlAfsto] 1
2 10 et stEAMZo 2= [TO glassE cathode
2, A8 X200 g2 Al2 anode® AMRSHYICE
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Fig. 1. A schematic of the QLEDs with TiO2 NPs as an ETL and a
PMMA as an insulating layer.

ITO glassoll &4 TAAE Y
Atp552 TiO, NPsS *}%5} o, AR
sto] ARUES Wi7] 93t A %%
Aot wd dH9 LGE 2 green QDsE AL
TiO, NPs, PMMA %! green QDs+= 82X 2
AHs 0.2 FAHSIICH
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B2 2490 771 913 HTLES CBPE A}
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23 2(a)ollA &1 4 %ol ETLS2 EMLS {19
Axte] o] 52 PMMA Z Aol ofAls) 5 A2 aict
Inverted & 9] QLEDs AX}= TiO; NPsZ &5} AAH}
xo]ﬂ_l_ CBpP= EOH X—]_T'_.o] KO]HCH EMLAOH}\JI ohL}
excitong P7Jsto] Lof FEj 2 Y&ttt ojnff PMMA
BAEe Eol Al 92 ARl wet wHSoIA
o ste] 290l ool Y=ol PYHD £ T
9 Oq%LOﬂ’\i ’\}30} X’*L} %’\}0} | ti=ofl PMMA &2
9] S/ o 5 nm o]st2 24t (8],

RMAH24% 0 2 TiO, NPsE T % oz
AXF9} TiO; NPs 2]of PMMAZ} 2
by ol 12 2(b)o uwﬂaiq.
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Fig. 2. (a) An energy band diagram of QLEDs using TiO2 NPs as an
ETL and a PMMA as an insulating layer and (b) normalized EL
spectra of QLEDs with/without a PMMA insulating layer. The inset
shows the green emission from 2.5 mm x 2.5 mm pixels.
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Fig. 3. Characteristics of (a) luminance-voltage-current density and
(b) current efficiency with current density of the inverted QLEDs
with/without a PMMA as an insulating layer.
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Fig. 4. Characteristics of (a) luminance-voltage-current density and
(b) current efficiency with current density of the inverted QLEDs with
various PMMA concentrations.
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Fig. 5. Characteristics of (a) luminance-voltage-current density and
(b) current efficiency with current density of the inverted QLEDs with
various PMMA spin coating conditions.
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