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Supplementary Fig. 1 | Ultraviolet photoelectron spectroscopy (UPS) measurement of CdZnS/ZnS
core/shell quantum-dots (QDs). a, The Tauc plot of QDs between (ahv)? and photon energy. The inset is
the absorption of QDs. b, UPS spectra of the high-binding energy secondary electron cutoff regions and the

valence-band edge regions of QDs.
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Supplementary Fig. 2 | Thermogravimetric (TGA) measurement. TGA data analysis of PBO materials.
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Supplementary Fig. 3 | Hall effect measurements. The hole mobility of PBO, TFB, PVK, TCTA, CBP

and TPD.
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Supplementary Fig. 4 | Quantum-dot light-emitting diode (QD-LED) structure and characterizations.
a, Schematic device structure, cross-sectional scanning electron microscope (SEM) image of QD-LED.
Scale bar: 50 nm. b, The energy level diagram of QD-LED. ¢, Element distribution of each layer. Scale

bar:50 nm.
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Supplementary Fig. 5 | QDs characterizations. a, Transmission electron microscopy (TEM) image and
histogram of diameters of 100 CdZnS/ZnS QDs. Scale bar: 50 nm. b, X-ray diffraction (XRD) pattern of
as-prepared QDs. The black line indicates the peak positions of standard references of bulk zinc-blende
ZnS. ¢, A high-angle annular dark field (HAADF) image. Scale bar: 5 nm. d-f, Energy dispersive
spectroscopy (EDS) elemental mapping of Zn, Cd and S elements from several CdZnS/ZnS core/shell QDs
shown in c. Scale bar: 5 nm. g, Elements line scan spectra in c. h, Absorption and photoluminescence (PL)
spectra of CdZnS/ZnS core/shell QDs. The inset is the photograph of QD-octane dispersion under
ultraviolet (UV) irradiation.

According to the TEM image, and XRD pattern in Supplementary Fig. 4a-b, the core/shell QDs have
an average diameter of about 10 nm with zincblende crystal structure. From the EDS elemental mapping
(Supplementary Fig. 4d-g), the Cd atoms mainly locate at the QD cores, and the S atoms are distributed
throughout the core/shell regions. The Zn atoms exist in the core but are mainly distributed in the shell,

corresponding to the element line scan spectra. The absorption, PL spectra, and photograph of QDs under



UV irradiation are shown in Supplementary Fig. 4h, they show pure blue color.
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Supplementary Fig. 6 | Transient electroluminescence (tr-EL) measurements. Tr-EL spectra for the
devices without PBO a, fresh (F), b, after degradation (turn on for 30 min) (D30 min) and ¢, 24 h after
degradation (P24 h). Tr-EL spectra for the devices with PBO d, fresh, e, after degradation (turn on for 30

min) and f, 24 h after degradation.
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Supplementary Fig. 7 | Energy level diagrams of Hole-only-device (HOD) and Electron-only-device

(EOD)

devices.

HOD

with a,

ITO/PEDOT:PSS/TFB/QDs/MoOs/Al

and

b,

ITO/PEDOT:PSS/TFB/PBO/QDs/M0oOs/Al. EOD with ¢, ITO/ZnMgO/TFB/QDs/ZnMgO/Al and d,

ITO/ZnMgO/TFB/PBO/QDs/ZnMgO/Al.
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Supplementary Fig. 8 | Atomic force microscope (AFM) measurements of TFB, TFB/PBO, TFB/QD,

TFB/PBO/QD films. a, AFM topographies, b, line scan and ¢, 3D images.
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Supplementary Fig. 9 | QDs film characterizations. a, PL spectra, b, Photoluminescence quantum yield

(PL QY) data, and ¢, PL decay curves of QD, TFB/QD, TFB/PBO/QD film on glass substrate.
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Supplementary Fig. 10 | Commission Internationale de I’Eclairage (CIE) chromaticity coordinates.

CIE chromatic coordinates of references, BT2020 and our QD-LED.
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Supplementary Fig. 11 | Device performances of QD-LEDs with PBO layers of different thicknesses.

a, The current density-luminance-voltage characteristics and b, EQE as a function of voltage curves.
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Supplementary Fig. 12 | Electro-absorption (EA) measurements for the devices without and with
PBO. The EA spectra for the devices without PBO a, fresh, b, after degradation (turn on for 30 min) and c,
24 h after degradation. The EA spectra for the devices with PBO d, fresh, e, after degradation (turn on for

30 min) and f, 24 h after degradation.
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Supplementary Table. 1 | Statistics of blue QD-LEDs performance. Comparison of state-of-the-art blue

QD-LED:s in previous literature with the current work.

ITO/PEDOT:PSS/PVK/ZnSe/ZnS/ZnO/Al
ITO/ZnO/CdZnS@ZnS/CBP/MoOs/Al . (0.170, 0.020)
ITO/PEDOT:PSS/PVK/ZnCdS/ZnS/ ZnO/Al . (0.153, 0.027)
ITO/PEDOT:PSS/TFB/ZnsCdixS/ZnS/ ZnO/Al
ITO/PEDOT:PSS/TFB/ZnCdS/ZnS-OT/ ZnO/Al . (0.140, 0.020)
ITO/PEDOT:PSS/PVK/ZnSe/ZnS/ZnO NPs/Al . (0.169, 0.023)
ITO/PEDOT:PSS/TFB:PVK/ZnSe/ZnS/ZnO NPs/Al
ITO/PEDOT:PSS/PVK/ZnCdS/10Cd\Zn;..S/2ZnS/ZnO NPs/Al
ITO/PEDOT:PSS/TFB/ZnCdS/ZnS/TBS-PBO/ZnO:Mg/Al ¢ (0.150, 0.030)
ITO/PEDOT:PSS/PVK/ZnSeTe/ZnSe/ZnS/ZnMgO/Al
ITO/PEDOT:PSS/PVK/ZnSeTe/ZnSe/ZnSeS/ZnS/ZnMgO-Mg(OH)»/Al L (0.148, 0.048)
(0.169, 0.015)
ITO/PEDOT:PSS/PVK/ZnSe/ZnS/ZnMgO/Al
(0.157, 0.021)
ITO/PEDOT:PSS/PVK/ZnSe/ZnS/ZnMgO/Al . 3 (0.160, 0.030)
ITO/PEDOT:PSS/PVK/ZnSe/ZnS/ZnMgO/Al (0.170, 0.030)
ITO/PEDOT:PSS/Poly-TPD/CdSe/ZnS/ZnO/Al
ITO/PEDOT:PSS/PVK/CdSe/ZnS/ZnO NPs/Al . . (0.136, 0.078)
ITO/ZMO/InP/ZnS//ZnS/CBP/MoOs/Al 90
ITO/PEDOT:PSS/TFB/ZnCdSe/ZnS//ZnS/PMMA/ZnO/Al b 14100 (0.119, 0.154)
ITO/PEDOT:PSS/TFB/CdSe/ZnSe/ZnO/Al J 62600
ITO/NiO/TFB/PVK/CsFAPbBr3/TPBi/LiF/Al 5 700
ITO/PEDOT:PSS/TFB/ZnCdSeS/ZnO/Al
ITO/PEDOT:PSS/Poly-TPD/PVK/CdSeS/ZnSeS/ZnS/ZnMgO/Al
ITO/PEDOT:PSS/TFB/InP/GaP/ZnS//ZnS/ZnO/Al
ITO/PEDOT:PSS/PVK/InGaP/ZnSeS/ZnS/ZnMgO/Al
ITO/PEDOT:PSS/TFB /InP/ZnS/ZnS/ZnO/Al
ITO/PEDOT:PSS/CsPbBrs.«Cl/TPBi/LiF/Al b (0.083, 0.221)
ITO/PEDOT:PSS/PVK/(Cs/Rb/K/PEA)Pb(Br/Cl)s/DPEPO/TPBi/LiF/Al
ITO/PEDOT:PSS/PF8Cz/CdZnSe/ZnS/ZnMgO/Al . 24000 (0.100, 0.157)
ITO/PEDOT:PSS/PVK/ZnSe/ZnS/ZnCdSe/ZnS/ZnMgO/Al 24020 2297
ITO/PEDOT:PSS/TFB / InPesc@ZnS/ZnMgO/Al d 1162
ITO/PEDOT:PSS/TFB /InP/ZnS/ZnS/ZnMgO/Al d 422

ITO/PEDOT:PSS/PVK/CsPbBr:/D-ZnO/Ag b 11100




Pure

blue

2020

2021

2022

2023

ITO/PEDOT:PSS/Poly-TPD/CsPb(BrxCli.x); /TPBi/LiF/Al
ITO/PEDOT:PSS/PTAA/ FAxCsxPbBr.«Cly/ETM-B./LiF /Al
ITO/PEDOT:PSS/TFB/ZnCdSe/ZnCdSeS/ZnS/ZnO/Al

ITO/PEDOT:PSS/Poly-TP:
ITO/PEDOT:PSS/PV 1+ZnS@Z:
ITO/PEDOT:PSS/TFB/Zn,Cd:S/Zn

ITO/PEDOT:PSS Zn,Cd1xS/ZnS/ZnO NPs/Al

ITO/PEDOT:PSS/TFB/ZnTeSe/ZnSe/ZnS-CI(f)/QD(1)/ZnMgO/Al

ITO/PEDOT:PS Pr-TFB/QD/ZnMgO/Al

ITO/PEDOT:PSS/TFB/PBO/CAZnS/ZnS/ZnMgO/Al
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1600

4000

10400

4500

88900

44080

17641

12min (0.090, 0.260)
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80377

4300
47
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Supplementary Method 1

Fabrication of electron-only-device and hole-only-device

The structure of EODs is: ITO/ZnMgO/TFB/QDs/ZnMgO/Al and
ITO/ZnMgO/TFB/PBO/QDs/ZnMgO/Al.  HODs  were  fabricated with a  structure  of
ITO/PEDOT:PSS/TFB/QDs/MoOs/Al and ITO/PEDOT:PSS/TFB/PBO/QDs/MoOs/Al. The EODs and
HODs were fabricated using ITO glass substrates. Before use, these substrates were ultrasonically cleaned
with detergent, deionized water, acetone, and isopropanol for 15 min, respectively, and then treated with
UV ozone for 15 min.

For fabricating the EODs, ZnMgO (20 mg mL") was spin-coated at 2000 rpm for 30 s, followed by
baking at 80 °C for 30 min. Then, TFB was spin-coated at a concentration of 6 mg mL™! in chlorobenzene
(3000 rpm for 50 s), and then baked at 150 °C for 30 min. Next, the PBO solution in DMF was spin-coated
at 3000 rpm for 30 s and baked at 120 °C for 30 min. Subsequently, the blue CdZnS/ZnS QDs solution in
n-octane was then spin-coated at 2000 rpm for 40 s. In turn, ZnMgO (20 mg mL"") was spin-coated at 2000
rpm for 30 s, followed by baking at 80 °C for 30 min. Finally, an Al anode was deposited via thermal
evaporation at a rate of = 0.1 nm s under a high vacuum of 4x107 Torr.

For fabricating the HODs, the mixed solution (1:1) of PEDOT:PSS (poly(3,4-
ethylenedioxythiophene)/poly(styrenesulfonate), Al 4083) and isopropanol used as HILs, was spin-coated
onto the ITO substrates at the spin speed of 5500 rpm and baked at 150 °C for 15 min in air. Then, these
substrates were immediately transferred to the N»-filled glove box for spin-coating of TFB, PBO and QDs.

TFB was spin-coated at a concentration of 6 mg mL™! in chlorobenzene (3000 rpm for 50 s), and then baked

17



at 150 °C for 30 min. Next, the PBO solution in DMF was spin-coated at 3000 rpm for 30 s and baked at
120 °C for 30 min. Subsequently, the blue CdZnS/ZnS QDs solution in n-octane was then spin-coated at
2000 rpm for 40 s. In turn, MoOs and Al anode were deposited via thermal evaporation at a rate of = 0.1

nm s under a high vacuum of 4x10 Torr, forming a 10 nm MoOj; layer and 100 nm anode.

18
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