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Recent Progress of ZnSe(Te) Quantum Dot and Their Application
in Blue Light Emitting Diodes

Wooseok Jin*, Jaehan Jung*'

ABSTRACT: The development of eco-friendly materials has become important to replace Cd-based quantum dots,
which contain heavy metals posing risks to the environment and human health. ZnSe-based quantum dots have
emerged as a promising alternative due to their non-toxic and environmentally friendly nature. With a wide bandgap
of 2.7 eV, they are particularly well suited for blue emissions. However, ZnSe-based quantum dot light-emitting diodes
(QLEDs) face challenges such as low stability and efficiency, due to their vulnerability to external environment and
imbalance in electron and hole injection rates. To address these limitation, extensive research has focused on
enhancing the efficiency and operational lifespan of ZnSe-based QLEDs. This paper reviews recent advancements in
improving the performance of ZnSe(Te)-based blue QLEDs, focusing on quantum dot synthesis and device

architecture optimization.
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Fig. 1. (a) Schematic illustration of electrochemical reactions occurring on the surface of quantum dots and (b) device decay and deg-
radation process due to electron accumulation. Reproduced from Ref. [18] with permission from 2024 Wiley-VCH GmbH. (c) lllus-
tration of device structure degradation caused by electron accumulation. Reproduced from Ref. [17] with permission from 2025

Wiley-VCH GmbH
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3. High quality ZnSe passivation
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Fig. 2. (a) Schematic illustration of synthesizing Traditional ZnSe/ZnS QDs (T-QDs) and Bulk-like ZnSe quantum dots (B-QDs) and (b)
transient TA spectra of two types ZnSe QDs (T-QDs, B-QDs) and the inset shows a schematic illustration of two QDs band gap
alignment and luminescence processes. Reprinted with permission from Ref. [12]. Copyright 2021 American Chemical Society.
() lNlustration of ZnSe(Te) QDs with ZnSe inner shell and ZnS outer shell and (d) the change in PLQY, FWHM according to the
thickness of ZnSe inner shell. Reprinted with permission form Ref. [14]. Copyright 2023 Wiley-VCH GmbH
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Fig. 3. (a) Schematic illustration of ligand exchange process from OA to DDT and (b) PLQY stability of solution (left), film (right) state
according to ligand types. Reprinted with permission from Ref. [13]. Copyright 2022 American Chemical Society
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and charge’s movement

15,40-43]. go]= 2J7F=(e.g., ZnCl,, ZnF,, ZnBr,, Znl,)=
ZnSe(Te) 7|49k R} A L s = B & g/ﬂ Zof| Z85o]
W B2 F7he 242 WSS v 4714 HHo]
A= WA st FAH 02 A5 Srel et

ol 27 PE7} x-typeQ 2 EQIE= A OA 9} o] 71 o
2 AL 744 SRrE o e Y At 29 of

n

Fo] FHE SFAIA|A T500] <F 7.18) =731t} £35], ZnSeTe
718t Aol ZnBrE F7Fste] W A2 & 3k 749 PLQY
AR of ]2} 1719 A E FAHAI 7] 79 o] 4} EQE
Z719F 0.8Ve] AF At A4, AF L9 748 7
7} B EtH41]. x-typed} z-type Z|7HEQ] EALS 712 &
ool = el7tEs HRT i ATHE BB HOR A7)
TS} 4 5 g S7MAIA ZnSe WA A E
Folal g EAS FHAIXITH42].
2024 Lee9} Z 252 2+87]|7} ZnClo & ofol23} &
o] 2.0) FA|o 2gE 4 Q= 4-methylbenzylzince chloride
(4MBZC) 27+=2 W o] %315} (Fig. 5¢) 99%2] PLQY
& B 4 AUSiEF IMBZC AEL A Tk 2ol
9._14— Oo):o]ioﬂ E/\] oﬂ 736‘]—01-0:] ]ﬂ]tﬂ—/\]— ZH b‘]—_,] 9:]—
=Y = ek AA 0 2 Fig. 5d9F o] AAS /\U:lo]
12.1ns (7]&£)o| 4] 23.0ns (ZnCl,), 27.0ns (4MBZC)o &2
ZnCLE ofo] £3} £0] &8 2 Tw AT P BT
4AMBZC= FA|o A o] GARlol 7 1 A2y +

1o lo



Recent progress of ZnSe(Te) Quantum dot and Their application in Blue Light Emitting Diodes

61

6
(a) 09 g +1.1 == Noligand
Band — « — Passrvated
gap
5 (Esuilic)
2
8
g
3
=
]
Q
o
6
() on
1 H
Py
T . oc
- P - By
| . L. L [
5 i g oa
'd -—— o
e o LY .\ f‘%x < “-:._‘_\
e =N

AMBZC-QDs

a* (M2+)
c8 ( I’ ! M(O:CR)
Dangling M " 3
(electron trap) i
Dangling E
(hole trap) i
VB ; e
Energy o (E%) T—e—  R-NH:
: ;
12
—Zn5t),-QDs 10* « Zn(st),-QDs
. —ZnC,-QDs + InC,-QDs
5 it ——aMBZC-QDs = + 4MBZC-QDs
s ’ In(St)- InCl, AMBIC ﬁm.
E‘ 06 aps Qs -Qbs g
& ) =
£ oa . g
& — 10
02
T d
0.0 i
400 450 500 550 600 0 100 150 200 250

Wavelength (nm) Time (ns)

Fig. 5. (a) DOS (density of states) Before and after passivation by ligand. Reproduced from Ref. [37] with permission. Copyright 2020
Nature communication. (b) lllustration of energy band offering hole, electron traps caused by uncoordinated surface atoms.
Reprinted with permission from Ref. [22]. Copyright 2017 American Chemical Society. (c) lllustration of binding mode of 4MBZC
ligand on ZnSe QDs and (d) PL intensity (left), decay time (right) spectra according to ligand types. Reprinted with permission

from Ref. [42]. Copyright 2023 American Chemical Society.

g A& A

tlo

1

% gieHel

o
fr

e

4. QLED device structure & Electroluminescence
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5. QLED structure modification
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Fig. 6. (a) The cross-sectional TEM image of EML modified ZnSe QLED and (b) illustration of QLED structure’s band gap alignment.
Reproduced with permission from Ref. [52]. Copyright 2022 Wiley-VCH GmbH
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Table 1. Recent reports of ZnSe(Te) based QLED

FWH Turn-on Maximum
No. 11 Structure EL EQE 2 = LT50 Ye Ref.
0 Q et M Q Voltage luminescence s o
22
1 ZnSe/ZnS ITOPEDOT:PSS/PVE/-QDVE-QD/ZnMeV Al 474nm 20.6% 5V 24020cd/m2 @ ;63:;‘;“, 2022 [52]
7 ZnSeTe/ZnS ITOPEDOT:PSS/HAT-CN/PVR/QDs/ZnMgOiAl 453nm 34nm 10.1% P 2965%cd/m2 fu'ZUUij;:(r! fm2 2023 [50]
HTL : 2
3 ZnSe/ZnS ITOPEDOT:PSS/TFB+p-type doping/QDs/ZnMgO/Ag 45Tnm 35nm T.02% 5V 1765cd/m2 & ill;]ic‘:]:l:nr’ 2024 [51]
4 ZnSe/ZnS ITOYPEDOT:PSS/PVE+AgAu NPs/QDsZnMgOiAg 460nm T.1% 4.5V 6510cd/'m2 - 2022 [53]
5 ZnSe/ZnS ITO/PEDOT:PSS/PVE/QDs+p-type doping/ZnMgO/Al 434nm 16nm 6.88% 5V - - 2020 [54]
) : T5850hr
[ ZnSeTe/ZnSe/Zns ITOPEDOT:PSSTFB/QDs:CHH+CHIVZnMgOvAg 45Tnm 20.2% 72873cd/m2 @100cd/m? 2020 9]
: ITO/PEDOT:PSS/PVK/QDSs (ZnCly, ZnFs) 5
7 ZnSeTe/ZnS TmPyPBILIF/AI 450nm 26mm 4.06% 513V 3200cd/m2 - 2020 [58]
EML g ZnSeTe/ZnSe/ZnS ITO/PEDOT:PSS/PVK/QDs (ZnBr, treatedZnMgO/Al 445mm  22nm 5.46% 50V 332cd/im2 @ |2?13cti,-'m2 2022 [41]
9 ZnSeTe/ZnSe/ZnS ITOPEDOT:PSS/PVE/QDs (Znl, treated) /ZnMgO/Al 455nm Almm 9.1% 4.6V 6370cd/m2 2024 [40]
10 ZnSeTe/ZnSe/Zns ITOPEDOT:PSS/PVK/QDs (CHCI, treated) /ZnMgOvAl 446nm 2.25% 3.1V 2024 [55]
i | ZnSeTe/ZnSe/ZnS ITOPEDOT:PSS/PVR/QDs (Large) /ZnMgOiAl 445nm 12nm 12.2% 4.1V 1055cd/m2 @ Ia?;:m_, 2021 [12]
12 ZnSeTe/ZnSe/ZnSeS/ZnS ITOPEDOT:PSS/PVE/QDS( ZnMgO/Mg{OH),) NPs/Al 450nm 38nm 9.5% - 2904¢d/m2 - 2020 [56]
F 8224h
13 ZnSeTe/ZnSe/ZnS ITOPEDOT:PSS/PVE/ZnSeTe QDs/ZnMgO:Carbonate/Al 452nm S0nm 17.1% - 3973%cm/m2 @100cd/m2 2024 [57]

ITO: indium tin oxide; PEDOT:PSS: poly(3,4-ethylenedioxythiophene) polystyrene sulfonate; PVK: poly-N-vinylcarbazole; HAT-CN: 2, 3, 6, 7, 10, 11-
hexaazatriphenylene-hexacabonitrile; TFB: poly[9,9-dioctylfluorene-co-N-[4-(3-methylpropyl)]-diphenylamine]
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