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Improved Performance of All-Solution-Processed Inverted InP Quantum
Dot Light-Emitting Diodes Using Electron Blocking Layer

Heejae Roh', Kyoungeun Lee', Yeyun Bae', Jaeyeop Lee', and Jeongkyun Roh"*

Abstract

Quantum dot light-emitting diodes (QD-LEDs) are emerging as next-generation displays owing to their high color purity, wide color
gamut, and solution processability. Enhancing the efficiency of QD-LEDs involves preventing non-radiative recombination mech-
anisms, such as Auger and interfacial recombination. Generally, ZnO serves as the electron transport layer, which is known for its higher
mobility compared to that of organic semiconductors and can lead to excessive electron injection. Some of the injected electrons pass
through the quantum dot emissive layer and undergo non-radiative recombination near or within the organic hole transport layer (HTL),
resulting in HTL degradation. Therefore, the implementation of electron blocking layers (EBLs) is essential, however, studies on all-
solution-processed inverted InP QD-LEDs are limited. In this study, poly(9-vinylcarbazole) (PVK) is introduced as an EBL to mitigate
HTL degradation and enhance the emission efficiency of inverted InP QD-LEDs. Using a single-carrier device, PVK was confirmed
to effectively inhibit electron overflow into the HTL, even at extremely low thicknesses. The optimization of the PVK thickness also
ensured minimal disruption of the hole-injection properties. Consequently, a 1.5-fold increase in the maximum luminance was achieved
in the all-solution-processed inverted InP QD-LEDs with the EBL.
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Fig. 1. Schematic illustrations of (a) device structure and (b) energy
band diagram of QD-LEDs.
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Fig. 2. (a) Schematic illustration of energy band diagram and (b) J-
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Table 1. Device characteristics of all-solution-processed inverted InP
QD-LEDs with various PVK concentrations.

Vi Lo’ EQE,.. Op. V!
(V) (cd m?) (%) (V)
w/o EBL 1.8 9,223 0.44 1.8
PVK 3 mg/ml 2.0 9,438 0.61 2.0
PVK 1 mg/ml 2.0 13,885 0.69 1.8

a. Measured voltage when luminance was 1 cd m™

b. Maximum luminance

¢. Maximum external quantum efficiency

d. Measured voltage when current density was 5 mA cm™

2 AFE o] WEA A
PVK A}zl o 2 9] 5o
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o]t} PVK (1 mg/ml) 22H= HOD A 3 ol 4 ;Lo]g}gi

) OH St m

F91e] £27} PVK (3 mg/ml) 222} thn] e} whgZo)| A ¢
&t &S DA sl] AN WSS RS AT
QD 330X TFB A3T$3 o2 A se AAE 9,

QD F2= FY== H3] UL WalskA %2 A, Table

1914 & 5= 9J%o] PVK (1 mg/ml)E AARFZ0 2 2 23}

L
g

o A 3127} 13,885 cd m = 7|23 HARpxldEo] gle
22} TiE) 1.54) AsslT.

4.4 E
2 AFEs 94 719 95X InP QD-LEDso A 235
NM BFFETLE Hojrks AARE Q&) A7le v AR
E T AAAGE-E =Ystth. EODE Al 2tete] Hxpxk
G o= 22l PVKZ}F TFB ] HA} 2pek 58 o] -3
AZ3A) B3 We FE= 2 PVK 9t QD = 9o 4
ah= Aol AF FYS WallekA] ¥=the S HOD 23S
Z3l sk o] AHES EE PVK AARASS 4
Jet PR Bgriol e =5 A S w, LGl M=
A9l BES FAIg Bl A F= 13,885 od m7E 715
st AAAPGZo] gl Ak tiv] Hd) =758 24538l
ok 2 Ao =yd At Ee 932 InP FAH $F
tho]l .= Rk ofue} A §NFH o2 A2y = Pt A
Sl s 28 s Ao g Z|oiETh
HARR| 2

This work was supported by a 2-Year Research Grant of Pusan

National University.



(1]

(2]

(3]

[4]

(5]

(6]

[7]

Improved Performance of All-Solution-Processed Inverted InP Quantum Dot Light-Emitting Diodes Using Electron Blocking Layer

REFERENCES

J. Kim, J. Roh, M. Park, and C. Lee, “Recent Advances and
Challenges of Colloidal Quantum Dot Light-Emitting
Diodes for Display Applications”, Adv. Mater., Vol. 36, No.
20, p. 2212220, 2023.

J. Lee, H. Jo, M. Choi, S. Park, J. Oh, K. Lee, Y. Bae, S.
Rhee, and J. Roh, “Recent Progress on Quantum Dot Pat-
terning Technologies for Commercialization of QD-LEDs:
Current Status, Future Prospects, and Exploratory
Approaches”, Small Methods, Vol. 8, No. 7, p. 2301224,
2024,

S. Jia, H. Tang, J. Ma, S. Ding, X. Qu, B. Xu, Z. Wu, G Li,
P. Liu, and K. Wang, “High performance inkjet-printed
quantum-dot light-emitting diodes with high operational
stability”, Adv. Opt. Mater., Vol. 9, No. 22, p. 2101069,
2021.

H. Yoshida, S. Nakatani, T. Inoue, Y. Usui, and F. Ohtsuka,
“Mura-free G8. 5 220ppi inkjet printing technology for
OLED and QLED display panels”, J. Soc. Inf. Disp., Vol.
32, No. 5, pp. 255-266, 2024.

J. F. Wager, “TFT technology: Advancements and oppor-
tunities for improvement”, Inf. Disp., Vol. 36, No. 2, pp. 9-
13, 2020.

C. Y. Lee, N. Naik Mude, R. Lampande, K. J. Eun, J. E.
Yeom, H. S. Choi, S. H. Sohn, J. M. Yoo, and J. H. Kwon,
“Efficient cadmium-free inverted red quantum dot light-
emitting diodes”, ACS Appl. Mater. Interfaces, Vol. 11, No.
40, pp. 36917-36924, 2019.

I. Jang, J. Kim, C. Ippen, T. Greco, M. S. Oh, J. Lee, W. K.
Kim, A. Wedel, C. J. Han, and S. K. Park, “Inverted InP
quantum dot light-emitting diodes using low-temperature
solution-processed metal-oxide as an electron transport
layer”, Jpn. J. Appl. Phys., Vol. 54, No. 2S, p. 02BC01,

229

[10]

[11]

[12]

[13]

[14]

2014.

Y. Lee, D.-Y. Jo, T. Kim, J.-H. Jo, J. Park, H. Yang, and D.
Kim, “Effectual interface and defect engineering for auger
recombination suppression in bright InP/ZnSeS/ZnS quan-
tum dots”, ACS Appl. Mater. Interfaces, Vol. 14, No. 10, pp.
12479-12487, 2022.

Y. Sun, Y. Jiang, H. Peng, J. Wei, S. Zhang, and S. Chen,
“Efficient quantum dot light-emitting diodes with a Zngs
Mg, 5O interfacial modification layer”, Nanoscale, Vol. 9,
No. 26, pp. 8962-8969, 2017.

M. Chrzanowski, G. Zatryb, P. Sitarek, and A. Podhoro-
decki, “Effect of air exposure of ZnMgO nanoparticle elec-
tron transport layer on efficiency of quantum-dot light-
emitting diodes”, ACS Appl. Mater. Interfaces, Vol. 13, No.
17, pp. 20305-20312, 2021.

P. Gao, Z. Chen, and S. Chen, “Electron-Induced Degra-
dation in Blue Quantum-Dot Light-Emitting Diodes”, Adv.
Mater:, Vol. 36, No. 7, p. 2309123, 2024.

X. Xue, J. Dong, S. Wang, H. Zhang, H. Zhang, J. Zhao,
and W. Ji, “Degradation of quantum dot light emitting
diodes, the case under a low driving level”, J. Mater: Chem.
C, Vol. 8, No. 6, pp. 2014-2018, 2020.

Z. Liu, L. Wu, J. Qian, J. Peng, R. Liu, Y. Xu, X. Shi, C.
Qi, and S. Ye, “Tuned transport behavior of the IPA-treated
PEDOT: PSS flexible temperature sensor via screen print-
ing”, J. Electron. Mater., Vol. 50, pp. 2356-2364, 2021.
L. Wang, T. Chen, Q. Lin, H. Shen, A. Wang, H. Wang, C.
Li, and L. S. Li, “High-performance azure blue quantum dot
light-emitting diodes via doping PVK in emitting layer”,
Org. Electron., Vol. 37, pp. 280-286, 2016.

J. Jeong, J. Lee, H. Lee, G Hyun, S. Park, Y. Yi, S. W. Cho,
and H. Lee, “Energy level alignment and hole injection
property of poly (9-vinylcarbazole)/indium tin oxide inter-
face”, Chem. Phys. Lett., Vol. 706, pp. 317-322, 2018.

J. Sens. Sci. Technol. Vol. 33, No. 4, 2024



	전자차단층 도입을 통한 전체 용액공정 기반의 역구조 InP 양자점 발광다이오드의 성능 향상

