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Abstract: Quantum dot light-emitting diodes (QLLEDs) have attracted extensive attention in high-resolution

s B 8 :2025-09-11; 1817 B #3 : 2025-11-02.

E&TA WK A AR A4 (No.T2425026, No.52173190) ; YLF5 44 5 i 1+ J5 3181 (No.2025ZB663 ) 5 1155 4 S Al
5T 14 (No.BK20250477)
Supported by National Natural Science Foundation of China (No.T2425026, No.52173190) ; Jiangsu Funding
Program for Excellent Postdoctoral Talent (No.2025ZB663) ; Basic Research Program of Jiangsu (No.BK20250477)

HILE AR N, E-mail : lihui-t22031@ustc.edu.cn ; guoning22@mails.ucas.ac.cn



H1 5 ME, 2% CdZnSe 2 T U T PR RE4U DL = T 5 2008 75

displays and emerging fields such as augmented reality due to their narrow emission spectra, wide color
gamut, high brightness, and low power consumption. However, the electroluminescent efficiency and
stability of blue devices remain significantly inferior to those of red and green devices, and the lack of high-
performance pure blue quantum dots(QDs) has limited the development of full-color displays. In this
study, we report a synthesis strategy based on a ZnSe core with Cd ion-mediated emission tuning. CdZnSe
core QDs were successfully prepared by rapid Cd*' injection under high-temperature conditions to induce
ion exchange, achieving an emission peak at 469 nm with a photoluminescence quantum yield(PLQY) of
79%. Subsequently, a multilayer shell structure of ZnSe/ZnSeS/ZnS was epitaxially grown on the core
QDs, effectively passivating surface defects, enhancing structural stability, and significantly suppressing
non-radiative recombination. The resulting multilayer-capped QDs exhibited a stable emission peak at 463
nm with a PLQY further increased to 92% , showing pure blue emission. QLED devices fabricated using
these QDs demonstrated excellent electroluminescent performance, with a peak external quantum
efficiency (EQE) of 18.5% and a maximum brightness of 6. 34X 10" cd/m®. In summary, this strategy,
combining ion exchange with multilayer shell passivation, enables the fabrication of high-PLLQY, stable
pure blue QDs and high-performance QLED devices.
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(a) Schematic diagram of the synthesis process for ZnCdSe/ZnSe/ZnSeS/ZnS QDs; (b) Emission spectra of
ZnCdSe/ZnSe/7ZnSeS/ZnS QDs corresponding to different Cd feedings;

(¢) Absorption and emission spectra of

7ZnCdSe core, ZnCdSe/ZnSe, ZnCdSe/ZnSe/ZnSeS and ZnCdSe/ZnSe/ZnSeS/ZnS QDs.

7R T A 7 ok B X B G 5 AL IR B R L AE
ZnCdSe M B ZnSe 52 20, H T P28
bﬁﬁ%ﬂ%tﬂ}mﬁ%;Tﬁm%ﬁ@%msesﬂzns
FCJR I W2 B ﬁ%ﬁm"ﬁiﬁﬁ@““m
— B % A 5 A i F‘Mﬂ&wﬂ?”i
ch <1, T#@Efﬂiﬁ?"QDsﬁEé&%ﬁ SPGB
T RS E RS o (EAE R AR, QDs 205 5
%ﬂﬁﬁﬂ‘] 26.3 nm /N Z 24. 3 nm, 7 B £ 55 iof 7
AR T REH LS, iF W 5 32 T T ok 2k 4l
Fge e M, XX PERE QLEDs £ ¢ H % X
ANTA] AR EE (280 °C L300 °C . 320 °C) & Cd Hij 8K
EFERHE (0. 01~0. 11 mmol Cd(OA),)Xf Cd i
A3 A E R, 3R AT R A ICP-OES Xt fr il £ i
CdZnSe ##4T T IC R & E . $6 B IH
IR T E R AL (K 2) , Cd 76 4% v i BE IR
o7 LGB R B AR AL DG R AN 2(e) TR o 4
RN AT ARE T 01 Cd F g
YN, R EIR A F CA B HOHE o

B Cd iy 9K A4 Bk RE 38, % o 540 5E 9 Cd
T R O SR, R T PR R U
BRI

Ry W T G R WO R 5 QDs T 3 45 4
562 T, AW 5T A AR QDs $EAT T R
fiE . & 3(a) firn 19385 G B 7 2 s (TEMD &
%8 ,ZnCdSe/ZnSe/ZnSeS/ZnS QDs R~ /i ks
Fy ¥ —, 2 ) = A HER TEM(E 3(b) ) 43
BT FLASOU 235 480, 7T DL 375 WA 79 A A% 2% 80 5 AT Z2 B 1Y
A A WS L 0T QDs 78 18 2 A 4E A= K it A2 v R F
TR AR E B . IR QDs BB BUR L
WRCEME K HRIR TASE FHRNEE R F,
FEAEAS [ I BE T A 28 Ol i B AR Ak . 7 [
FHALBE G A5 1 il sk & 6T, &Y KT
60 “CH, AHXF T T 26 8 3 R U B 5 5 0 5 R fift
TE 100 “CHAFT , H 52 FEEAT AT 4E K500 46 (8 19 90 %%
PLb L i 3Ce) iR, & W% QDs 16 5 &5 14 il
TV KR R BE VLY B RO iR e



M=
78 W An
(a)
——180.669 nm
12004 181972 nm
——182.562 nm
600 -
£
E
> 0 2 4 6 8
Z (c)
220004 ——185.457 nm
= ——196.026 nm
——203.985 nm
1000
0 ol
0 2 4 6 8 10
Concentration/(mg-L ")
(e)
£330
$30
o
=] - -
S28 - - =
2
i
)
S v
26

280 200 300 310 320
Temperature/°C

%41 %
(b)
200 -
——214.439 nm
——226.502 nm
——228.802 nm
1004 ¢d
£
I I R S B S S
S @
2 ——202.548 nm
g ——206.200 nm
= ——213.857 nm
——334.502 nm
60
0 4
0 2 4 6 8 10
Concentration/(mg-L™")
(f) 3.0
g -
=N 1
8 25 = =
%5 2.0 1
=}
S15
8 -
& 1.0 A
2
205 m
0.0 . r - . .
0.00 002 004 006 0.08 0.10 0.12
Amount of Cd Added/mmol

B2 (a)&KFET SHPIICP-OES KL ; (b) & ZH T Cd 3 Hr i ICP-OES & #EZk 5 (o) & R 4TIE N Se M ity
ICP-OES K4k s (d) £ KU R Zn /0 B B9 ICP-OES £ 2R 5 (e) Cd EE/R & Lt 5 s Wl B AR A 56 &5 () [ i it
B4 300 “CHY Cd BE /R fi Ho 5 Cd ff SRR B RHR 25 fE e &R o

Fig. 2

(a) Calibration curves for S analysis obtained by ICP-OES under various emission peaks; (b) Calibration curves for

Cd analysis obtained by ICP-OES under various emission peaks; (c) Calibration curves for Se analysis obtained by

ICP-OES under various emission peaks; (d) Calibration curves for Zn analysis obtained by ICP-OES under various

emission peaks; (e) Relationship between the molar ratio of Cd and the reaction temperature; (f) Relationship

between the molar ratio of Cd and the amount of Cd precursor added at a reaction temperature of 300 °C.
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Fig. 3

(a) TEM image of ZnCdSe/ZnSe/ZnSeS/7ZnS QDs, scale bar: 50 nm; (b) High-resolution TEM image of ZnCdSe/

7nSe/7ZnSeS/7ZnS QDs, scale bar: 5 nm; (c¢) Photothermal stability test of ZnCdSe/ZnSe/ZnSeS/ZnS QD films, the

horizontal axis represents the film temperature, and the vertical axis represents the relative fluorescence intensity

compared to that at room temperature; (d) X-ray diffraction pattern of ZnCdSe/ZnSe/ZnSeS/ZnS QDs, with solid
vertical lines representing the reference peaks of bulk CdSe and ZnS materials; (e) PLQY of ZnCdSe/ZnSe/ZnSeS/
7ZnS QDs; (f) Transient photoluminescence decay curves of ZnCdSe/ZnSe/ZnSeS/ZnS QDs.
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Fig.4 (a) Schematic diagram of the structure of ZnCdSe/ZnSe/ZnSeS/ZnS based QLED; (b) TEM image of the cross-

section of the ZnCdSe/ZnSe/ZnSeS/7ZnS basis QLED, scale length is 100 nm; (¢) EL spectrogram of ZnCdSe/
ZnSe/ZnSeS/7ZnS basis QLED at different voltages; (d) Current density-voltage-brightness curves of ZnCdSe/
ZnSe/7ZnS basis QLED; (e) EQE-brightness-current efficiency curves of ZnCdSe/ZnSe/ZnS basis QLED ; () Statistical

histogram of EQE of ZnCdSe/ZnSe/ZnS basis QLED.
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Fig.5 (a~f) Variations in the EQE-voltage characteristics of the device over six consecutive days of testing; (g) Changes

in the surface temperature of ZnCdSe/ZnSe/ZnSeS/ZnS-based QLED over time under constant current density ;
(h) Time-dependent luminance characteristics of ZnCdSe/ZnSe/ZnSeS/ZnS-based QLEDs; (i) Relationship between
the lifetime and brightness of ZnCdSe/ZnSe/ZnSeS/ZnS-based QLEDs.
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