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Abstract: Colloidal semiconductors have garnered significant attention in academia and industry due to their
unique nanoscale transport effects, self-luminous properties, and rheological characteristics compatible with large-ar-
ea industrial printing processes. Inkjet printing, as an emerging technology, is expected to usher in a new generation
of printable, large-area, high-performance patterned quantum dot light-emitting diodes (QLEDs). Nonetheless, the
current preparation process of inkjet-printed QLEDs faces challenges related to interfacial erosion caused by improper
quantum dots (QDs) ink formulation and reduced luminescence efficiency after film formation, leading to a signifi-
cant performance gap compared to spin-coated devices. This review begins by outlining the fundamental concepts
and development status of QDs display technology, followed by an analysis of the classification, principles, advantag-

es, and disadvantages of the three inkjet printing technologies. It then introduces three types of QDs containing
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cadmium, lead, and cadmium-free materials, analyses their research progress in inkjet-printed QLEDs, and focuses

on three typical strategies for achieving high-performance QLEDs using inkjet printing. Finally, this work looks for-

ward to the development trends and promising prospects of inkjet-printed QLEDs.

Key words: quantum dot; inkjet printing; electroluminescent light-emitting diode; ink engineering; surface/inter-

face regulation
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Fig.1 Several domestic companies have demonstrated inkjet-printed QLED display prototypes. (a)Guangdong Juhua Printed Display

Technol Co., Ltd. presented a 31-inch AM-QLED display screen produced using inkjet printing technology. (b) Best on Earth

(BOE) Technology Group Co., Ltd. showcased a 55-inch 8K AM-QLED display manufactured with inkjet printing technology.
(¢)Najing Technology Co., Ltd. exhibited the 300 PPI resolution in its inkjet-printed AM-QLED display
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Fig.2 Photographs of the PL luminescence of colloidal solution under ultraviolet light irradiation, along with representative pho-

toluminescence spectral ranges, and the corresponding FWHM values of three typical types of QDs: CdSe-based,

CsPbX;-based and InP-based'"*'"’
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Fig.3 Four mainstream quantum dot display technologies have been developed in the display industry
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Fig.4 Three mainstream inkjet printing methods and their inkjet printing schematics. (a) Thermal inkjet printing. (b) Piezoelec-

tric inkjet printing. (¢)EHD printing**’

R =R R T 2 B R4 R Y A R ik

An overview of the advantages and disadvantages of

Tab. 1

three distinct inkjet printing technologies

FTENHAR e a5 B a5
[ERaE s AR RE 22
R R AT TR B XFAT B A 25K o
WA 3 B 58 1B P
T B B B I HERAR
J AL S 2 4T B BEAE NP BRIKOBURL R, PR
Bt A HEFER
RIS ELATED X B K PERR R A
HUGARBTEATED i m] el bl FTED R B e

A S B SO R P (ST B X 7 B T R

3.2 BIEHTHEFRSKAEREREER

VB Dy ] 46 14 5 W 4 2 — 2, 1 i DA TS
HOA B — A S 2 i FE . H AT AR K Y
Mt SF od Py LR = A To i N S R

(1) B (Re) R AE R P 52 e 1) AH 0L
W%, 2R 7 i AR 5 T FIORE 4 T 1) EE AR
Re ZM, (1)
n
(2)FH % (We) FAE 2 101 5K 7 52 e 7Y AH

AL DU K, 2 7 U A 15 g R T 5K g RN Y
O -

We = v’ paly , (2)
(3) BN EL(OR)
Oh =/ We IRe = n/(ypa)"* , (3)

Forbrp o Ty 23 00 2 4T B S5 0K 60 % B ORG JBEF 3R
115K 7,0 R 3T BN SR S80S, o D TS FLAE .

SRR B 2 T K T R Y B R R B K i P
W = RS

Toe S Y B R AT B AT 9 2 Fromm, fih 45
T B A RS B0 COR) S H5 R 35 35 1 A8 e 1 L O
FH O BRI 5L 7 S A 2 BRSS9 T2 Z>2 1
H R E Y4518, BEJS , Reis fil Derby MG AL T
S B RBOKAE 10 > 7 > 1B ] Fa s H A8 (1R 5)B,
it R S, Z (A — L BRI AE 4 ~ 14 Z ]
B T S R R Al R R ) R K W AR — S
B, DR A Y B A S AR A v R I Ak
VAR 1233 AT ) 2 T 5K 0 B A B BEL D B B
A BE DI I v 1

10 =
A\
AN
N
3 \ Too viscous \
£ 1 N 0
= \ %,
E’ Printable”\ %,
g fluid N\
g
¢
Z 01
(=}
N\
AN
N\
AN
0.01 -
1 1000

Reynolds number, Re
K5 2 sk R G0 b s K AR 2 B AT Bas T AL, LA Re-
Oh 5 Z 32 7% B8 K AT B 7 7 P
Fig.5 The operating mechanism of stable ink operation in
an on-demand inkjet system, along with a schematic
diagram depicting ink printability in terms of the Re-

Oh relationship™"



55 9 ]

XJR, GF BERITEVE T A0L BUR DGR R SHM R S HOR BT I 5 4k 1415

s ERNEIES 2 TR Y o Bk - Y AL
WOE P 3 R 45 R 55 o Ss KO & B PR il
FRRARE, 1 L RSE O ROR 2R AR AR A, LR A
Jit 0 19 O P BE R R ST U a7 ] I o T i 5 3
R R0 RS IR, LR A5 K B0 8 S P R B
M 285 04 T 2 A ) M A T I K 3l K B S I Y
&7 o X7 R W T ENROR T & 0 A M AR
VTV S S IR A2 W% 285 1) 4 2% 1, 2 9 LU
7o 3 B R O e AT E G R A OB A R L R R g
2 I S BOAT LIOKS i 922 ) it 1 A5 85 0K R I 5 0
T 5[] I o 2R K P AR U R AT RE 2 AR AT ED G AR
R R, DT BER K e HE AR AL L RO B I B
T B0 R J5E B AN — B AF ). PR, A A A
VAR R, LR R SR K U B R T B B B BRUE
WA 4 ) T i A R I R 2% R 4 T
WVl B R P B 0

R OLT , T R PR dnfef A 8% ¥ 5
FEA YRR TC 1 77 A 2 ) 0 v T B WD ) Dt L
FEAE IR R RO o B RN R 8 T M
T 1 1 3k A P 00— R R 0 BRAR TR R
2R A R T OB BV S ) I B VA R A
VTR 4 T 78 &, VT 00 % 1) R B ik ) 23 W
2V A FL L JE R UL B8 i ) 2R BRI
FRDCIE . LRI 000 o 3 7 R4 0 fie A7 2800 T 1%
JE T A 2% %8 (Marangoni ) 80N ", 1E Wk
W TR R h R AT R sk ) 225 1R A
A1) P RY T 22 e U 3K R R TR 2 2 R G
R e B B R 22 | RS Y SR T 5K ) 22, BRI
2 11 5K AR B8 DX 18] 3% T 5K ) A X B AR
7, 72— 50 o B Y 5 22 e i — M 55 , AN
B DL SE A TH BRI BR RO, o PR, 7R R T AR
FTEN 28 7K (A R (o B2 opr 3 R R 6 0 R0 3w
R34 IR 22 3 Je v LA A ol 2R, AT 4R A )
JE ¥ 5 AT B

PRI, 6 5 5 3 1 335 500 443, F) ] Marangoni
R0V A5 SR A0 ) I E PR RGN 5 ] R K B IS R T
AE , 4 i BRI B 1~ 0 SR OK AR EN Y B A WA , 2
PEHR KA X 5] Bl e 5 IR 5 PR R AT AT BN T R AR
KA BT EN 7 38, AIF 5 R e BRI 285 1 15 8 KL
T ST AH N B VA TR R R AR Y 5 g R
FTEM 7 i 2 K RS0 428 ] A B A

4 v Z P R QLED # & J& i A2
% B T BB AR — T 08 A i 3 T

filk TG HE IR | R R AL R R . SR, [ P A
23 eI IR = 4 T R G R ER K E Ty RN Ep
il &5 43 1 0 AR LBUROG AR Bl R
G U 2 B 20 s BTN DR 4k
NI B 5 78 BRI QLED 45 3% 4 3 1, 9 5 &2
WAWFIE W R HES) 1 R R T & 5 QLED 12
AR KR
4.1 REEFR

S ZFEMMR BEETFACEERZ TR
S 1 R OGP BE AR E P L & LA A A T A
AEXT B . HET, R A R SR TR A i AL
Sk (WK 5 QLED #% 11 1% #h i + 2% % (External quan-
tum efficiency, EQE) 53 5l ik £ 35. 60%"" . 28. 7%""
F121.90%"", & BRI A 6 /2 = W QLED X & 4 1k
AEMY oK o 45 1ok, WFSE 19 00 2 5% 2L QLED 4%
P 5 M A o BE AR L QLED I 5 1k 4 k4
AR ORI AR AT B A R R o P A R
Z A0 R BOR B IR 3XORF 4 Bl S g AR B
QLED i85 iy PR % J .
4.1.1 HALZFFEERET

FLAE 2009 4, 3¢ [ ) S B I 37 K %% Haver-
inen 55 1 YR FH IS A5 4T EQHE R il 45 1 40 (A4 B
FREREEEZE I mARF T RREGZEER
150.00 cd-m™. i K EQE 4 0.19% i QLED #%
P A AT R AR S AR OK H SR XS
T2 R OBL(4- 28 )(4- T HE 28 JE) ] (Poly[N, N’ -bis
(4-butylphenyl) -N, N’-bis(phenyl) -benzidine, Poly-
TPD) %5 7 A% i 2 1 ¥ A A - B4 vl BUAO 6 %
Hh IS AR i )2 R G U TR R N O Y A A )
Bl 2016 4F , 5 [ 15 /K B 57 K% Lee 2432 A1 BAF
FHE ST ENHOR P B R A A AL BE 2 1Y 5L EAd
B ORI K T 4O T A QLED R &R
FES, BRAT T e K AOGSEEE 2 2 500. 00 ed-m™ 1Y
QLED #84 (& 6(a))™,

P )5 , Haverinen 20 4% A A 3 — 4040 T 22K
BC 7, B UCR A 2R UK 101 el R &
YE R i 7 fU AR K IR, SE B T 40 & i QLED
i A 0 W A AT BRI AE , A N B EQE 43 i R
0.23%.0. 15% F10. 10% . #X 1M, B4 1 42 il [m] 4K
SRAFAE , 3 B A A 1Y 0 N 06 v o A7 A ™ 1Y) A%
J2 3 RO

T AR K B A U 2016 4F L AR R
TR 22 AR B A AR T PR 2 BRI 1, 2-



I/' __________________________________________________________________________________________________ \\\
I 1
1 1
1 1
i 1
1 105 - 1
! 1ok 160 —o=Spin-coated QLEDs !
. "7‘; 140 < 10* p=o=Inkjet-printed QLED !
V0.8 k== 10 drops/pixel £ i = !
1 = 15 drops/pixel z 120 < 10°F el :
! & = 100 & 1
: = 0.6 3 0L TL.;IOZF :
\ £ g g i
L 04¢ £ 60 E£10'F i
P = aof E i l
L 3 5] F
E 0.2 \ 2 ol 3 |
! L AN Y IR . 107 kg Ao, L i
| 100 200 300 400 500 600 700 800 900 0 2 4 6 8 1012 14 16 18 0o 1 2 3 4 5 6 17 H
\ A/mm Bias/V Voltage/V !

-,
~

,/ --------------------------------------------------------------------------------------------------- \\
1 \
i i
i 1
i i
! — s 1
: 10 = " P Ny M |
i : T < i
i 1
15 08 :‘l I Z10F ") § 10° = 10fF i
] & Zosk —rL = T os '
[~ 2 Sl = £ 04l !
: % 04 a:m 0.1F Eg': aé 102 g 02f :
= - o2 i 5 1
1 54 1 1 £ -3 - of 1 1 1 1 1 1 1 !
! 02 § 07350 500 530 600 650 700 g 107 400450 500 550 600 650 700 750 !
! i i . i S 001 — i il Sy ) A ) !
! 300 400 500 600 700 1 10 100 0 200 400 600 800 !
! Anm Current density/(mA -em™) Current density/(mA «em™) !
[ [0 10° |
K 7 |
1 < 101 E 1
[ 6 10 aand :
I < q

< . i
P30 s s 8 !
L Z 107 10 2 £ S 1 escror, ~196% !
- 2 =3 = emlIP-EQE, =18.3% !
N 1 2 - Spin coating 0.1k .
! = " . 1 -8~ Tnkjet printing (CHB/docame) . 1
P E 107 ~& Tnkjel printing (CHB/o-DCB) EQE, /EQE =93% |
I O 0 1
H 107 L L L L 10! I L L 0.01 — L | I
] 0 100 200 300 400 500 0 10000 20000 30000 0 5000 10000 !
\ Current density/(mA -ecm™) Luminance/(cd +m™) Luminance/(cd-m™) /;
\
S S8
1 3
I 1
i i
! i
i i
] 25 6 !
' i
1
| 20 5 |
P8 s S !

= = = 4

L2 2 15 g :
1 = = 1
1 1
! 10 10 3 i
1 1
i i
S - . W . SR 2L L E
| 10° 10° 10¢ 10° 00 100 100 100 10°  10° 10° 10° :
:‘ Luminance/(cd+m™) Luminance/(cd »m™) Luminance/(cd +m™) H
% /,

K6 55k s SR R SR DR IR . Ca) ol FH B — 800 00 47 W0 8 4T B 4 19 QLED g 42 K2 FLAR B ) P g
i 0 (b) (i T 0 3 AR 2 847 108 82 4T BN 45 (19 QLED #5170 B LA 87 g ¢ 8 il 4275 (o) ) = Jn i 7l ik &
HEAT IS B8 E R 1 4 (9 RGB = (5 QLED #5419 EQE-52 B M 28 i 51 RGB ML BUR Wl 2™

Fig.6 Research advances related to the formulation blending of Cd-based QDs inks. (a) QLED devices prepared by inkjet print-

[42-43

". (b)QLED devices prepared by inkjet printing

ing using a single solvent and their corresponding performance curves
using a binary solvent system and their corresponding performance curves ', (¢)RGB three-color QLEDs prepared by
inkjet printing using a ternary solvent system, with devices featuring EQE-luminance curves, and the inset showing the

RGB electroluminescence pattern™™”
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Fig.7 Realizing high-performance inkjet-printed Cd-based QLEDs by employing the following three strategies. (a)Strategy I : bond-
ing configurations of bi-ionic passivated Zn(Ac),and ZnSe(100) surfaces, binding energies of three different ligands on the
(100) ZnSe surface, and the luminance-EQE characteristic curves of inkjet-printed devices red QLED devices employing
quantum dots synthesized with the three different ligands™". (b)Strategy II : schematic diagram illustrating the shell thickness
structure of the three types of A/B/C-QDs and the luminance-EQE characteristics curves of inkjet-printed green QLEDs utiliz-
ing these three types of QDs"™. (¢)Strategy Il : Schematic diagrams illustrating the proposed mechanism of thermal annealing

of the QDs thin film under NTA and PTA conditions , the luminance-EQE characteristics curves of inkjet-printed red QLEDs™"
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Realizing high-performance inkjet-printed Cd-based QLEDs by utilizing three organic charge transport layer regulation

g5 8

strategies. (a) Strategy I : The EQE-luminance characteristics curves of inkjet-printed devices red QLEDs with cross-
linked CBP-V film as the hole transport layer, with an inset depicting a schematic of the formation of a thermally cross-
linked network™"; the EQE-luminance characteristic curves of inkjet-printed red QLEDs with the hole-transporting mate-
rial PVK as the underlying layer, with an inset showing the PVK film before rinsing, after n-octane rinsing, and after cy-
clohexylbenzene rinsing recorded with UV absorption spectra™. (b) Strategy Il : The EQE-luminance characteristics
curves of inkjet-printed red QLEDs using a pure TFB hole transport layer and TFB mixed with CBP-V, with an inset be-
low showing the EL picture of an inkjet-printed device with a mixed hole transport layer, and an inset in the middle illus-
trating the crosslinking process of the blended HTL"" ; schematic diagram of the QLED device structure and the schemat-
ic of the crosslinking and intertwining process of the blended HTL, and the EQE-luminance characteristics curves of ink-
jet-printed blue QLEDs, with an inset showing a photograph of an inkjet-printed QLED printed with a maple leaf at a driv-
ing voltage of 4.2 V¥, (¢)Strategy Il : Schematic of the inverted QLED structure, the chemical structural formula of TV -
TmPY and TV-T2T employed as an electron regulation layer, and the EQE-current density characteristics curves of ink-

jet-printed RGB QLED based on TV-T2T"
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®2 BEITHHENL FMERE QLED BMHHREXRSEICS
Tab.2 Summary of key parameters for the performance of red, green, blue, and inkjet-printed Cd-based QLEDs

T E 2 sk LR O E%jt%_fﬁ“/ Eﬁ‘bﬁiﬂl_%/ IJJE?J(E/ ?Fi? b g
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Fig.9 Research advances related to the formulation blending of perovskite QDs inks. (a) The J-V-L and the current efficiency-

current density characteristic curves of green QLED using binary inks with different ratios of n-octane and n-dodecane .

(b)Schematic illustrations of the hydrodynamic behavior of pristine perovskite QDs droplets in benzene, and the QD/sta-
ble ligand system in binary benzene-hexane cosolvents, along with the J-V-L and current efficiency-voltage characteristic
curves of inkjet-printed green QLED'®”. (¢)The J-V-L, and the current efficiency-current density characteristic curves of
inkjet-printed red QLED with and without polybutene (PB)". (d)Schematic illustrations of solvent flow, solvent evapo-
ration processes, and self-assembled QDs thin film formation with binary and ternary perovskite QDs ink system (BP re-
fers to the boiling point) , along with the chemical structure of ternary solvents, and the EQE versus current density char-

acteristics curves of inkjet-printed perovskite QLEDs using the binary- and ternary-solvent-ink"®”’
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Fig.10 The plot illustrates the EQE evolution of inkjet-printed Cd-based and perovskite QLEDs. (a) The peak EQE progress of
red/green/blue Cd-based QLED prepared by inkjet printing as reported in the literature'>*"*** 7" () The peak EQE

progress of inkjet-printed perovskite QLED devices as reported in the literature'
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Tab.3 Summary of key parameters for the performance of red, green, and blue inkjet-printed perovskite QLEDs
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Fabricating inkjet-printed InP-based QLEDs by employing the following three regulation strategies. (a) Strategy I :
Schematic diagram of inkjet printing process during the deposition of QLED, schematic illustration of drying process of
a droplet, and the luminance-voltage characteristics curves of inkjet-printed QLEDs employing different HTMs'™*'. (b)
Strategy Il : Schematic illustrations of the hydrodynamic behavior of droplets and binary solvents with and without poly-
imide(PI), and the J-V-L characteristics curves of inkjet-printed green QLEDs using QDs/PI, with the inset illustrating
an EL image of an operated device'”". (¢)Strategy Il : Schematic diagram of the synthesis strategy of blue InP QDs, and

the luminance-current density-EQE characteristics curves of inkjet-printed blue InP-based QLEDs"™”



559 1 X1

&, A BEERTEIE T AU BUROE R SCHERRHS BOR B AT I 5 4 A

1425

A A BAHRGE T — R 51 AT &R (PD 3k
AT E 2 S AP AL R InP A2 B8 K 19 SR o A PT
J& A AR K ELAG T e i R 5K T, 7 55 AR R
SRR R R A BT R R G A
e A 22 ] 8 A2 B 2 1 350 A =2 ) g s i/ s, 3%
T 7875 J P, N H i 7R S IR AR e T
% R ELR B InP 48 €5 QLED 7E 10 V i e KFEJE H
3600. 00 cd-m (& 11(b))™,

20224, - A2 K 2R 22 T 3 #8 A BA E IR
B T WA T B {6 InP/ZnS/ZnS & T R 62

il £ = (0 4l B QLED WY J7 % o 15 ¥R R W28 Jn
AR JEE A6 S I, 300 o0 P P e iy SR AR A e 2 A
il InP B0 BEAE ZnS 1Y JE 52 2, AT B0 ) T %
2 ME B 1 A2 ) A AR R O Forster BE LS4 5
48] 7 HA & PLQY {H (Y InP/ZnS/ZnS & F 55 1%
o BT bR A, 38 W AR AT RN R A Y
QLED fx K52 ¥ 4 91.00 cd*m™, EQE 4 0. 15%
(B 11 ()™, F4 085 T 2006 SO s am 8
FTED G 4 G 4% B T 5 QLED 2% 14 9 £ 2k fig

x4 BETHNHNENTHRLBEETFRL EIEQLED BHMHREXBSHILE

Tab.4 Summary of key parameters for the performance of red, green and blue inkjet-printed Cd-free and lead-free

QLEDs
. - HEUR L R IERE/ FHL I R A F
FTEN L2 il ) Aoy
I /nm (ed*m™) (ed-A™) R %
£1:659. 00 1.2 500. 00
K2 O HE IE 4%.550. 00 %:13.90 202277
% :455. 00 % :400. 00
R 1E 2 h 472.00 91.00 0.19 0.15 2022
KIE 1E2ERE O T 625. 00 17 759. 00 11. 10 8. 10 202351

Y2 4k b, TE A W SR T BN A 0 G B G Y
QLED [ EQE i Rk %] 9%, NI, JT & 1 4 i 2
FTER (4 TC 5% JC 45 B UM T R AT BN R
B R S Ky ST i e AR K R R L
L figt e 58 KA i AT BD 2ok 72 0 B2 M AT B Sk
O VCTC T ER T2 %0 A 4 B8 45 )@, B R —
A AIE ) T
4.4 QLED BETREARREWERE

QLED ! 7 ¢ AR 4 5 o v [ b 7 A7 Ml 4 i
7 IO T e A R R R BOR Y R ) R
T — AR R N Y o6 R, W AR T ED 4 R 7E
QLED 1 iy 1 FH AT B it el 5 Ak 18 R, ) Bsf 63 I A4
BEIEAE o SR, Fe o ME 2R 7 250 51 R Y B R v
R 1 35 &) P T 0TS K 2 WE 55 4T B QLED $2 A i
8 TN R S B U BB PO N oy N
e A 4 A 5 O 1 0 P AR BIF ST N B A AR R o
JE O AR TR R (Al LA R S
i 1 S 7 DL K 8 4y B H SR 58 A R ) R ik 1
P 2 I R o

TICRE T EaHes S B EREAR
A TR W12 88 T Lk =2KE 700
D - A S T S O BN

ZEA BB Ut K6 BE A I R SE R A B R A
TR R A TS BT T SR A
A R N i L R e Al T
12(c), 250 PPy 4 B Ak T 47 5 5 F 4%
(& 12 (a), 200 PPD)™, & 12 (b) fr /8 B
AM-QLED 7 Bt 43 ¥ 28 24 120 PPI, W5 55 T
Nl g mer & EmiteE T a T BREEA
B, % R BE e K SE BE R 400. 00 ed-m”, 83,
S 109% (NTSC 1931)"", 5 K 12 (d) F1 &
12.(£) JiF JR 7 11 45 Sk 0 ik - o A1 JC 4 JC 4% i 1
A H B O A L R T BN B 4 O T
AR R R OGRS R T Y S B R ORI
USRS R G T S e A L B = N S N
90 35, FE A5 R oK Bl & B ORI R 19 58 5 AT B
BAR WL 5000, K TSt asm)
V) 1 & e 4 ]

H BT, BEWR QLED [ 2803 Fl 4 i 4B L L (5
T % A [R50, 0 L2 TOAR T S, S50 BN A7
i 7 T EE B Tl =l W FH AT AR K B 2 . i
ARk TCL U 2R J5 A5 0 Al AR R 1 o5 /R i
HIRE ML, W52 ED Rl AM-QLED (9 & ¥ 2 F — 1%
TR H AR S



1426

5 45 %

e A R

I : 454k & F A PL R ELRE:S

(c) B (d)

YIIOO sm ® 200 pm

250 PPI

120 PPI

II: JosRJoss & F S PLEELE:S

N.A

N N.A 77 PPL 300 PPI L
12 W AT ED KB BT PLIE S LR EL R URER . () SO RIZEIEHRHE b T4 PL IR SUFEHR " s (b)RGB T
9% WE 11t EL BRI 2 3 F 2 % AM-QLED 7% 7 PR Q17 s (o) 5006 FZL 06 66 6K 07 7 4 PL IR 911%™
()4 V 33l T 9500 A1 2T 6 5 B ™ BT 40 L 91 K7 5 (o) 5000 12T 56 JE B 6 % PL I 91
877 (0 1 TR BT A0 EL S DL RGB 15 J 15 QLED 5t PR ™
Fig 12 PL and EL array images obtained from inkjet printing three types of typical QDs. (a) PL array images of Cd-based

QDs"™*". (b)EL images of the RGB sub-pixel array along with its 2-inch full-color AM-QLEDs display'*”’. (¢)PL array
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images of green and red perovskite QDs'™"*. (d)EL array images of green and red perovskite QDs at a driving voltage of

4 V' (e)PL array images of green and red Cd-free and Pb-free QDs'”"™. (f)EL array images of blue Cd-free and Pb-

free QDs, and photography of bird-shaped red, green, blue patterned QLEDs'
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