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Abstract: Colloidal quantum dots (QDs) have the advantages of easy tunable wavelength, narrow emission, high
efficiency, and so on. Corresponding electroluminescent (EL) QD light-emitting diodes (QLED) have the advantag-
es of solution treatment, simple and low cost manufacturing process, which is beneficial to realize the wide color gam-
ut, high contrast, large area and flexible display. However, there are still challenges in device performance and pat-
terning technology for QLED-based display applications. With the progress of material and device engineering, the

research of QLED display has made further progress. This paper first introduces the development of QDs and QLED

in display application, then indicates the challenge and research progress of QLED in display application.
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Fig.1 Emission spectrum range of different QDs''”’
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Fig.2 QLED four kinds of device structure and performance progress in recent years. (a)Four device structures. (b) EQE versus

year. (¢)Luminance versus year. (d) T5(@100 c¢d/m” life span versus year.

M 1994 4ETF B, T KI5 A 47 -QDs X2 45 H4
BB T QLED, CdSe QDs [F] B £F 2 % Ot J2
(Emissive layer, EML) fl 5 F & 41 2 (Electron
transport layer, ETL) . H T JC7¢ /2 A CdSe QDs [#
A5 LY S L 22 PLQY IR i S 48 1 FL A 95 B0
o 55 B4 5% B A A IR B9 EQE (1 <0. 019%)™*. 7&

CdSe QDs FE1fi 4 # CdS 5t )5 , QLED Y I i EQE
P H 0. 22% . SR ELETE R L R 1 R AW
K IGF W] QDs J2 H iy i BRI A 2217, 2002 48,
Coe %5 | F A AL AT BEVE i ETL F1 %5 58 A% iy )2
(Hole transport layer, HTL) il £ 7 11 #4454 QLED,
HZEH LT OLED™ A L CTL (14 107 il 18 1 14
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Tab. 1 Performance progress of QLED devices
ELUWf/ EQE/ mKFEEE/ T,@100 cd-m™/
K5 R © RS T 71 0 Ref.
nm % (ed-m™) h
2013 630 18.0 55 000 — K ZnO /E R ETLAR T F A [28]
2014 640 20.5 42 000 100 000 SR PMMA H, - BH 4% )2 52 30 e faf 1 5 A il 372k [29]
2015 625 12.0 21000 300 000 SR 8 BT A% A T [30]
2019 610 21.6 356000 1 600 000 K ZnSe /£ QDs 5 523 EML 5 HTL fig 4% VU it [31]
5500 Ak ZnO ETL 52 30 A 8009 7 3 A A0 il 54 m i
2020 620 20.0 15 000 [32]
(T,,@1000cdm™) FK
2022 615 20.7 3300000 125 000 000 Ak A B B4R = QDs 1Y PLQY , 5% A Ak e IS B it (33
2015 537 14.5 14 000 90 000 K R AR A [30]
o 2019 525 22.9 614000 1700 000 i FHl ZnSe VA QDs 72 52 B EML 55 HTL E 4% VT it [31]
Cd LS
2022 536 28.7 200000 2570 000 PF8Cz 1 g HTL Bl 3645 7 A [34]
2015 455 10.7 4000 1 000 K H & TR T [30]
47
2017 445 15.0 4500 o RS R ST TR [35]
(T,,@420 ¢d-m™)
2019 475 8.5 62 600 7 000 i Ji] ZnSe VE 4 QDs 76 52 8 EML 5 HTL fig 4% L fic [31]
2020 470 10.0 1500 10 000 7 FH EL A 2 A T A T 8 i A T R [36]
TE PVK Fl EML 2 [a]4f A ZnSe/ZnS W8] JZ2 , 1l PVK
2022 428 20.6 20000 2297 B [37]
A LT 3R
2022 479 21.9 25 000 24 000 PF8CzAE J HTL, 2 25 701 A [34]
2019 630 21.4 100 000 1 000 000 FIH HEF A6 A B [38]
107 772
2021 630 18.6 128577 ,, PefenTL [39]
(T70@420 cd-m™)
e 2021 545 16.3 12600 1033 BDA/Znl i1k [40]
‘ 2021 530 23.4 10 000 2.2 WRER 45 44 [41]
S I -
2020 465 2.5 1038 — BH 5 F 58 4 [42]
2020 445 9.5 2904 — S 1 i M ZnMgO E 4 HTL [43]
2020 457 20.2 88 900 15 850 FIF HE F1 ZnCL AR A1 G [44]
2022 478 17.9 3000 2 T EC AR S A BT, R AR R /N PQDs il 5 [45]

H EQE 42 7F 2 0. 52%. T ¥k 7 vh 1542 i for 4
ATFE A, 7] B Forster 2 3§ f8 & 55 £ (Forster
resonance energy transfer, FRET) ;=4 . 7EX s
AU QLED Wt FRET =B 93+ 5 = %7, A
T GTE CTL = A= () il i FRET i 72 g
R QDs T UL M T . TR SR SH
o A5 5 B0 R RS L % 28 QLED o il L3E 43 0. 5%~
5% () EQE™", AHZ 2 855 B T AL A RHAH T
BRI H R PR TR AT AR A 2
QDs 19 £ L 5 B i 1 Mk U nd R T R0k Y R
B o HTEHL CTLEARAT AL CTL I A I B 25 44 m]
DL i A8 R e s SO RS E L R AT DL S
0 FEL UL B R R 4 e AR CTL B9 S i
Bawendi /NHP7E 2008 4E iR iE T HL I % R ik 4

Alem’ [ 4 TEHL QLED, (H#5 F EQE /N F 1%. F
SR RORAR ) 2 D R R S 3 R v QDs 1 4
B VB AN (l T p B4 e Ak R
QDs Z A4 — A K28 7CE A 2) DL K JE Bl %
H 4B E LT QDs 1Y PLYE K %2 4 oL
i B B B PR R e M L EQE AR, I IR
AbHE Y 4 R A ALY CTL B & SR A B T 28 0R
T, B 21 104E LR, AT FF G R T H
A IEHLETL FA HLHTL A IV IR A 254957 LS
B H5 Sy - A5 R iR AR RO AR DA I 4
QLED #¥1F 2% . 2011 4F, Qian ZE"™ 4 T 3 F
ZnO ZK & ETL (2 WAL QLED . 1T ZnO
AN AT ELA T RS R RIS S I RE A A5 AL, BT
% 1A 4 S BT R A T R IR R L 4
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FECTT R HER L LB RSB 8 F 1Y EQE 8 i
1% M5, ZnO 9K GRS ETL A B 2 i
F QLED™, 20134, Benjamin %'k H X i iR &
gh ) & T kT CdSe/CdS #% 52 QDs Y 18] B
QLED,EQE }y 18%, it T Z A pyic s . itk
J& - CTL Ak 32 21 Bk B 22 19 G 1, g IA k& 5
s A O A T AT SRR IV LS5 A rh i Y T
AR 3 KT A O, B I O AN
M g B GnE o 335E H A AR O AL T B IR
T AT A 7E A . 2014 4 B2 NI A L
£ QDs Fl ZnO 44 K & 2 (8] 4l A R B JE 79 4 18 R
fis (PMMA) #4822, Wi T FEAIEBIE T
ZnO 9K i ETL X F K, IR T EQE
M 20% 1Y BCR IL-TCHLIR & 45 #2100 QLED.
SR, 3% o 1 REAR 1 T G At 4 il 4 2% )22 TR /)N
T 10 nm, 3 45 Tolk A 7= a7 ok TAR KAy IRHE . T
JE L 2018 AE ML AT 45 T LA Mg 8 2% ZnO 44 K K
ETL.CdZnSeS/ZnS #% 5% QDs N EML Y JC 4 2% )2 21
J6 QLED . MR T LA Zn0 44K 5 o ETL (1 JC 4 %
JA R Mg B2 W 2 M 1T QDs/ETL 54 Ab (1 38
FHEK o AT B S 3 ok i 2D R e A R R DL
BRI AT YA g %R A
PE R 5 1 18, 1%EQE . Shen %] 5 B[ A 25 /¢
HAR 2RI TR UAR TSR R0R . 2019 4 Al f]
WL X QDs i3 ZnSe 72 )2 , K ) JH 5 EML R824 fif
H 525 9UF A2 (Hole injection layer, HIL) [} BE 4%
AHDCBC , S2 B0 T e K EQE 435 Jy 21. 6% .22. 9%
H1 8. 05% Fl & AH 5% £ i 356 000 cd/m”, 614 000
ed/m >l 62 600 cd/m’ 121 €8 ¢ 8 F1 ¥ 2 QLED
.

FIHRAT IR, T H# M QLED dERe , AR
FH 2 P AT 85000 S s A 48 A8 A6 & B D7 5 42 5 QDs
6 B O 7 77 R (PLQY) ™ i it 72 )2 411
BV QDs B8 T 25 A4 HE 1M 2l 38 23 o A
o F A 2 R 0 TC IR I B R AL 4R Ak A R R
WP SR A P L AR 4R = QDs 2 S L ES, fifk
ZnO ETL [ A4 R 52 30 8000 HL—F 14 A R4 i 2 1w
P R 0T e ffi 2T 48 QLED HAT K
T-20% 19 EQE FIH A F5 i (52 BE 20 2 100 cd/m’
WA AE ) 95% I 1], Tos@100 ¢d/m*>300 000 h) ,
I 2 EL & 7R #4% 09 2R, SR, NI 2 7] LU F
85 QLED (19 EQE 4% B AH X 3K, 4 ) 2
(R G R 3 =l I o - S G | AR R

(Tso@100 cd/m’ 3K B0 @ J7 /NEFEY) | R 5 2 3 10
TR SR i) = PE BE A W 4 QLED .

3 #tRE L

3.1 CAEEFREX_RE

Cd 2 QDs B8 P, & F = % 5, A T 2
B JESEH QLED W R i A e & . &R 1
ATLLE W Cd 3 QLED iy MEREERE . WL, &
JHE QDs 1A RN 14 25 #4 1 B T T #REUAS T & 3%
HEAE R RI R LR RSO A8 4R 10 EQE 5 77 A
HB O HE T Je HE B OLED 2% 14 (4 PE 6E L 3% hy S 91
QLED W R &4t T I . SR, fELL 4t = (8
T BR T A RGE A1, 4 QLEDs KR 43 7% 1 1
EQE (5 FE AR A& P AH X fm {15 , /™ H FHLAT T QLEDs
A R

WOt QLED PE AE AT 1945 F LU R R A

(D58 MLr QDs M H, 1  QDs A 3
T HE B, 3K 23 34N R K Y e R R AR AR
BEAb 85 5 QDs B X A2 /N | 5 BOT XK 1 B
e TH AR 22 1) 2% T B, AT B 25 5 7 AR Ok
FER AL H PLQY o BLAb , 5 QDs 7£ = 6 18
N E R TR S NP v VA (X R N
SE G S T A QDs AL .

(2) 5 8 QDs 11 [#1 4 BE AT 45 04 15 1 T 4800 7
TEARRS, HAT, N T = R QLED 19 s
f QDs #f & CdZnS/ZnS ¥4 /7% QDs, H B AT 55 R 1)
ZnS7¢ . —J5 M, i I 58450 (14 )& ZnS 7¢ 2 W] LA
A0t B 1) 95 D o B, 10 ) QDs 22 T 1 I A 5 AR
Hk & 4 M FRET, M M fff CdZnS/ZnS #/57¢ QDs H
A PLQY ., Iy — 5, R ZnS 52239 K QD
(4 7 B, i F o7 T A AR A5 PR HE L DT B T i
QLED [ #sfFHERE™

(3 TEFR A EE KB I 18, 8 (5 QDs AT K
BT B RS R B9 40 4 Tl (Valence band maximum ,
VBM) , 5 2H B9 HTL A5 (4 QDs 19 5 1 ik 77
TER KM 2 7 A& L SR A HL HTL
TC S BA RR 28 7 AP SR, i R C
ML T 1% 5 )2 (B0 ZnO) , #F 0] DUG A b 732 A
EML, 33 5 80™ 5 1 800 7 1 ARl

(4) D\ Tor A% % 1) R BE R 7B, ZnO 49K i ) HS
T B R (~2x107° em™(Ves) ) & T % M A HL
ETL™ . 7E 800 T 1 5% 238 FHL o7 7 AR5 WU 22
SRR EML b R e 2R R R R
AT . Z AR Tl QDs A L, S Bl
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E T N T N S B N S R
Ab, QLED W77 76 1 B U 23 77 A R i A HE A, AT
P& v A 00 J S U R A A L AT R ) B O A 3R
T 563 BFF RS, 20 T o Js) o B Al B st A

B X W5 0' QLED 776 B9 ) 8, AT DL £ DL
PR AR TSP e

— K JEQDs 5 M AR, LI E A & PLQY
I R 5E PR 19 8 QDs (0 JE 52 4% /58 QDS
B A 4 QDS™7VRI A BL L 1A 8 M 1 QDS) .
2013 4F , Lee % "F] I S-OA ¥ W &5 1014 58 S-TOP/
TBP %W A B T PLQY 5 ik 98% 1Y = it & i
CdZnS/ZnS ¥ /7E QDs. W& 3 (a) fr i~ , H & ot
WK N 452 nm, PLQY i £0 52 I 6] i ZE K i T
L, AR B 98% .. A G LEY QDs AF S &k Ot

(a)

Absorbance/a. u.

A/nm

(bh)

—_
|z

=]
EEDOT:PSS

% 3
MR AY EQE G2 343 A [ 1
Fig.3

PL intensity/a. u.

2 A& T WA 5T B R Ik 2 624 ed/m’ ) QLED,
2015 4F , Yang 4558 i 8 B & Wl o #2 v S A Zn
9K A 1Y b, 3RS e Y CdysZn,S/ZnS &
4> QDs (Ap =450 nm) . Cd,_Zn,S #% E A # 5% (1
A&l T8 B A HL T U ek BCRR I 5 R T CdSe/
CdS QDs. F k42 K 8 nm ) ¥ 4 Cd,_Zn,S/
ZnS & 4 QDs 19 ZnS 4b 32 J2 He LA 43 1) 223
AT LA R i AR 4 A B A A AR . X R
6 QDs 4 # 1) QLED Y1 K45 B~ 4 000 cd/m’,
B KM ALHE N 4.4 cd/A, T K EQE N 10. 7%
AT T8 72 QDs, JEE 5% QDs H AT B A4 Fa e 1
2017 4, Shen 4E ™ i 45 il 5¢ Az 4 FBE /N &b A%
Wi 22, Aol T B A 93% PLQY 1Y )R 52
Zn,Cd,_S/ZnS #% /7% QDs, 3 H 5Z B T EQE # i
15% W 5 6 88 14, T50@420 cd/m* % 4y 4 47 b

100

PLOY/%
(o]
[=}
T
°

0 e

Number of devices

10 11 12 13
Max. EQE/%

(a)CdZnS/ZnS QDs B WU | & 66 L & PLQY Fifi 5 75 )2 AE 1K i 8] 59 728 4k B 26705 (b) QLED #3125 14 RE 2 45 #4 16

(a) Absorption and PL spectra of CdZnS/ZnS QDs and PLQY variation curves with shell growth time'™. (b) Energy level

structure diagram and corresponding EQE statistical distribution diagram of QLED devices .

T3 L B TR Ak L R A RLCR
17 . 2015 4, Shen 555l 2 J8 5% 19 1-2F i i
ViR e T BCAK , 2035 1T QDs R 25 TR A R 7
T, EWEEL T EQE K F 10% 1) ZnCdS/ZnSDs
W QLED (4n & 3 (b)), fH 28 44 i i K52
7 600 cd/m*. 2017 4F , Wang AE1OE 15 R ¥ Zn0 4N
oK it (4R AR S BT R A P A, A L 2 Y B R H
LA A EQE 43 314 14. 1 cd/A F119. 8%, {H 2%

25 B F 75 A B . 2019 4F , Shen Z5° i J] ZnSe
YER7¢ )2 31 Bt T %4> Zn,Cd,_,Se/ZnSe #%/5¢ QDs
HEAFAE Se JE N T & G422 ARUEAL 1 250X
TEA# RSB T 5N 10 100 cd/m® EQE N
8.05% £ 7 fir & 7 000 h T5,@100 cd/m* (¥ ¥ 4
QLED. 20224F, Wang %""7F PVK 1 ZnCdSe/ZnS
QDs Z 84 A ZnSe/ZnS H1 18] 2 , LI H] T PVK
H AR AR BN T QDs RO E N FE A
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BORREE, AF T ) SR T B A B T R ORI TR R TR S kAR 745

MR T AR SE T2 7GR A HMGE T A
H fof P o e 2445 B A A% TE 2 920 ed/m® T 1Y
EQE 4 20. 6%, [F4F, Deng %538 1 fdi F 2 A 1%
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VE R 5e )2 B, 561 BRI ZnS i LA B0 1Y
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Wi I5E/5e S5 A R4 4 R /7e 45 K, 308 ot il 2 5t 4 4k D
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T EQE# 1L 7% 1 InP QLED,

[ 4F- , Chao %" & ¥ 4% {2 InP/ZnSe/ZnS QDs,
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FEHE KRR InP QDs PERE AN A R0 s
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Fig.5 (a)Structure diagram of QLED device, molecular structure diagram of DOFL-TPD (left) , and energy level structure dia-
gram (right). (b) Energy-level structure diagram (left) , EL spectra(middle), and EQE versus current curves(right) of
conventional InP-based QLED using TFB or PTAA as HTL™'.
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1E 100 cd/m® 158 BT A4 4 107 772 he 1 T InP
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B8, TE Zn0 848 24 ZnO YE 4 ETL 9 InP QLED
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DL QLED M 88 1R B o Yeom 53T —Fh
HAT 8528 7GR B SRR S i o 9 43 T #LiE (High-
est occupied molecular orbital , HOMO ) BE 2% 1) 57 7Y
HTL, N-([1,17-¢ %8]-4- 58 ) -N-(4-( = 2K I [b,d]-BE
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— AT . BN E R E A A 70%
PLQY (1 ¥ 0 & 4 £ 7% ]2 ZnSeTe/ZnSe/ZnS QDs
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Fig.6 (a)HF and ZnCl, eliminate stacking faults in ZnSe inner shell. (b) Exchange of oleic acid organic ligand and chloride in-

organic ligand. (¢)Double QDs EML device structure with gradient chlorine content and device EQE™".
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B A O E A AL FRE PN 2 A )
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T()") FEREATEN (R 7(e)™ ) Z R b A .
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M5 AR AT BN R SR ] QDs 88 K ] DU AE JE AR -
HEP TR RS, BA T2 6 AR A
Sl AR B R 0T R R A A g
RRATEN R B — e Ry LA = A 208K - 3R 3l I 4% 1l
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1 4 S A5 VTR B EBORI VS AR T LR B R
% 55 T B AT 4 55 125 1 A RH DT AR, 5 K PR B b i 20>
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=
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Parylene-C 2 W IR R 1H B A2 #F T QDs B 5 B .
b AT 7 E AT 25 pm QDs R AT Z (4
QLED 1% & . ENRIM L & Ak QLED % EQE 4>
BN 2.3%.0.65% F10.35%. 2011 4F, Kim 25"
XF Rizzo 55 1 5 ¥ 647 w0t o A AT FH o 80 A
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2 2% 1) ek R A A IR SR, DU 2F QDs 22 3 B
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SEPD in QD solution

&8 (a)Langmuir-Blodgett 5 -%% EI (LB-TP) i B2 (b) H Pk e B e TR R,
Fig.8 (a)Langmuir-Blodgett film-transfer (LB-TP) process'**. (b)Lectrophoretic selective deposition process
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Tab.2 Comparison of patterning technologies
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