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Effect of Air Exposure on ZnO Thin Film for Electron Transport Layer
of Quantum Dot Light-Emitting Diode
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Abstract

We investigated the electrical characteristics of ZnO nanoparticles (NPs) with air exposure that is a widely used elec-

tron transport layer for quantum dot light-emitting diodes (QLEDs). Upon air exposure, we observed changes in the den-

sity of states (DOS) of the trap levels of ZnO NPs. In particular, with air exposure, the concentration of deep trap energy

levels in ZnO NPs decreased and electron mobility significantly improved. Consequently, the air-exposed ZnO reduced

leakage current by approximately one order of magnitude and enhanced the external quantum efficiency at the low driving
voltage region of the QLED. In addition, based on the excellent conductivity properties, high-brightness QLEDs could

be achieved.

Keywords: Air exposure, ZnO, Quantum dot light-emitting diode (QLED), Electron transport layer (ETL), Trap energy dis-

tribution

.M E

FHA 2ulE tute|2oX HlaEg ole
o Fashs A FFolth tiaFe o] 4hgo] o
o] (liquid crystal display, LCD) ©l4] #7143t} 2 = (organic
light-emitting diode, OELD) T]AZ# o] 2 A g [1-3]9] wha}
ZulE tjufo] 29| A 2-& FIE (form factor)”} 713l A H,
o|& 7|WEO. 2 theFet e o] 2wtE tinto] 27t SA|E AL At
HZole E2ol= AR et B SAS E8de

A =g tho] 2 = (quantum dot light-emitting diode, QLED)

' 732¢=t o) &} WH= A 3-8} 3} (Department of Semiconductor Engineering)
405-320, Gyeongsang National University, 501 Jinju-daero, Jinju-si,
Gyeongsangnam-do 52828, Republic of Korea

A F#U e oy A & 82 (Department of Energy Science and
Technology)

Centre for Artificial Atoms, Sungkyunkwan University (SKKU)

2066 Seobu-ro, Jangan-gu, Suwon-si, Gyeonggi-do 16419, Republic of Korea
> A Ao st o | X] 38} 7] <-4 (SIEST) Sungkyunkwan University
2066 Seobu-ro, Jangan-gu, Suwon-si, Gyeonggi-do 16419, Republic of Korea
“Corresponding author: dglee@gnu.ac.kr

(Received: Nov. 13,2023, Revised: Nov. 20, 2023, Accepted: Nov. 22, 2023)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https:/creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

7|k 2 A7k faZyolE Fdshy] 1% A7 2hike
RS
FEo|E FAL dAe] =715 2 ste] Yi=7Y (band gap)

=
24 5 33, A E/7F FARskE o] Jlo] F2 WA

e

o

s
Z(full width at half maximum, FWHM)3} & $Aa&
(photoluminescence quantum yield, PLQY)S 7F4 <=<=3F 224

< 7Y F e A aEFH o] A2 FHEEA QT
HZoll= 18 &0 FA W, #F e AR A T
Alo]E QLED &7k 72 5 T8 75 T3 @9 QLED
k] 9592} 4 & (external quantum efficiency, EQE)°] 20 %
ol’4e] A¥E B 3te], OLED?] 450l B3z 8% =&
< WIS ASsATH4-6]. AT, oF A7k = QLED 424}
W T A O R el A Fatstel] ofEgel ATHTI.

AR FEHEAA FEFE 71A= 821 F tE QLEDS]
A} & (electron transport layer, ETL) 2#] 2] Zinc oxide
(Zn0)9] oA EA71 Utk ZnOe =& A} o]5 1 (electron
mobility), &gk o] A, 42 vtk $2 T 52 A
°2 7k4 2 E&°] QLED &Ake] ETLE g2 A&5om,
U= YA} (nanoparticle, NP)[8], &4 (sol-ge)H[9] 52] HHS
o] g3l &= Urt.

SRR, ZnO 718k A 9] A9 34 o) meba =49
54 WS A, tiEA 02 UV, AL, i =Fo] e

A7 g vh A TH10-14]. 2009 Jean-Jacques Delaunay

J. Sens. Sci. Technol. Vol. 32, No. 6, 2023


https://crossmark.crossref.org/dialog/?doi=10.46670/JSST.2023.32.6.455&domain=http://jsstec.org/&uri_scheme=http:&cm_version=v1.5

Eunyong Seo, Kyungjae Lee, Jeong Ha Hwang, Dong Hyun Kim, Jachoon Lim, and Donggu Lee

o

AFHANME ZnO Wi 200 (nanowire)d] FHA =7} 23t
ol mt Wslete 21S ARSI o] H 3 FAte] e
@ FEAAME AA7E F2HE Abaw Al o8| 43l A
2} (trapped electron)2 3Rl 3-H 3 (depletion layer)E B3}t
o FAELEE AsA)7]= v
7} ZnO W=$toloje] o] At
23 FHE o] GAlFY] =& FHAEEE RISAY10].
2019 Sai-Wing Tsang 177X Z
22w =F AL EAR] FAl] o) H ek ‘:—J@}Eﬂ (charge transfer
state, CT state)7} =% 3L ©]= ZnO NP9 o] & 23 (band
A7, AL BxprF E3bE A9 v A
3} M€ “JEll (non-radiative charge transfer state)E 3/d3l= Wt
H, Ak Bapr) FahEw wsga] det A S gs}oq
7IN F G QoA ] By FAFS B el 0]'0213]'[11 5
2020 Song Chen A1 4& ZnO NP2] 3EH OH@
frEstr] el o] F9-g 730X ZnO BHehs A4 }M
of vl ] SFg ol =& 8§
AL BIIATH12]. 20213 Artur
Podhorodecki A-+F A= ZnMgO NP9] 37| =& A, 2kA
G| 23k ZnMgO2] AR} EF F9(trap state)7F B4 = o
ARG EL o] ZHA =, AHH 02 ARpel B3o] FU+t

o] 453, QLED 4:49] §F FAo] Fo{S5o| EQE} 2

emission)

oﬁl

_?L

lor

i o] dEE AL BALsT13].

E =X & ZnO NP ETLY] 27] =20] A7|8 EA ¥
sloll PA= YIS EAsIlE A Tvt_’— 9171¢] S2lH ko
A dheke FAJSIAL, o] F 50% ol3te] F=2 7] =EAIA
19| wZ EOD(electron only device)S} QLED Ao A714 &
d WslE EA8HTh ZnO NP2 uhute] &2 Eeke] 3] =

& A, Zn0 Hte] Ax® F7h 28 EF oUAES] (deep
trap energy level)2] 714, QLEDAAFS] =42 F 7H4 9 EQE
57t 5 o8A FIt e, 71 wE Aldle A E
2 R Z9)7t T Z7F6te] QLED 22k EQEZ} Z4sh=
545 B3tk A A 371 258 Zn02] 1 545
o143} AJA QLED_,J].,] EAS RAE F Adrh

il

2. 97 Uy

2.1 ZnO M| =} g

Zinc acetateS M E-2-(methanol)oll 23417 AlsiA| = v ek
o] 3]41% potassiume wRFSIH WHEAIZITEH o] F A4Ee]7
£ o] &3t e A E

2 18]35l 21 ©]% ethanolamine
L Y7t=2 AN AT F7H 2 2 | ethanolamineS- zinc acetate
dehydrate®} 1:12] & T=F 4o]FATH 20 mg/ml 9] &

ol €h-E-(ethanol)ol] A TE

J. Sens. Sci. Technol. Vol. 32, No. 6, 2023

Spin coating
ZnO NPs

O

i N2 Glove Box

Fig. 1. The schematic method for air exposure on ZnO film.
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Fig. 2. The QLED structure using ZnO film with air exposure.
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Table 1. Extracted electron mobility, 1+1, V.. and total trap density
Ny of ZnO thin films with various air exposure time.

Air exposure Mobility 1+ Vie N,
time (cm’/V-sec) %) (em™)
N, 2.75%10° 6.29 1.8 11.79x10"
(No exposure)
1 hour 3.56x10" 3.16 1.4 3.93x10"
1 day 1.48x10™ 4.04 1.5 2.52x10"
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Fig. 4. Exponential trap DOS of ZnO NP with various air exposure
time.
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