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Figure S1. Tauc’s plot of pure TiO,, ATO 60, ATO 120, and ATO 180.
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Figure S2. EDS (a) mapping images and (b) spectra of QLED device with ATO 120.
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Figure S3. Deconvolution of PL intensity spectra for (a) TiO,, (b) ATO 60, (¢c) ATO 120, and

(d) ATO 180 at T, 0of 200 °C.
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Figure S4. AFM images of (a) ATO 60, (c) ATO 120 at Ty, of 200 °C and (b) ATO 60, (d)

ATO 120 at Ty, of 250 °C on ALD process.
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Figure S5. J-V characteristics of (a) QLEDs with ATO 180, ATO 120, ATO 60, and pure TiO,

and (b) the analysis of ATO

103}

—
Q,

“+ ITO/ATO 180/ V,05 /TFB

~« ITO/ATO 120/ V,O5 /TFB

~+ ITO/ATO 60/ V,05 /TFB
ITO /TIO,/ V,05 /TFB

| 1
Voltage (V)

ATO 120

i — SCLC region

r — TFL region

- T-SCLC region
F— Ohmic region  »

:slope =23

- slope

slope=1.3 :
/;Iope =1.9

0.1

E

3

1
Voltage (V)

s

120 using SCLC theory.



(@)

1200 ——75 780

. . ATO120 77T
O 1000 [ ATO 60 oooooéqbg__gzzgha

SRR

TiO 0007 rmEBRST e g
800/
600 7 TN
o S ’ b
- e ° v

-—
<

-—
2

=
(zZwypD) sdoueUINT

T
[

i ) A
I o o AA
200 ¢ ottt
o o® ¥ A

\
LY
1
1
4
aasseed s snsend o sssed o asaeed s assend s ssamed s ssaeed o sssed s

-

{

¢

=

L3
;£
18

Current Density (mA/cm?
S
=
A

N
H
(2]
oo
-
o
-
N

()

<

Q I

) , 110" 3

c - 3
: L =2

% 2 NV 110° &

i 2 —a——ATO180 !

TR L e ATO120 { 2

+= 107k ¢ v ATOB0 ]40°3

dc.) F TiO, | S

E | !

3 0 300 600 900 1200

Current Density (mA/cnm?)

Figure S6. (a) J-V-L characteristics and (b) CE-V-EQE characteristics of QLEDs with ATOs,

pure TiO,, and without any interfacial layer.
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Figure S7. EDS mapping images of (a) reference device (ITO/V,0s/TFB/QDs/Zn0O) and (b)

QLEDs with an ATO layer (ITO/ATO 120/V,0s/TFB/QDs/Zn0O).
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Figure S8. (a) J-V-L characteristics, (b) CE-V-EQE characteristics, and (c) lifetimes of QLEDs
with  PEDOT:PSS HIL (ITO/PEDOT:PSS/TFB/QDs/ZnO) and ATO 120 (ITO/ATO

120/V,05/TFB/QDs/Zn0O).
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Figure S9. TRPL of QDs on glass and QDs on different structure of hole injection layer.



Table S1. Applied voltages of QLEDs with different interfacial layer at the emission peak in

the EL spectra.
Samples Applied voltages at EL peak (V)
ATO 180 11.8
ATO 120 9.6
ATO 60 10.8

Ref. 10.8




