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Abstract: In recent years, flexible display technologies have attracted widespread attention in the field of folding
mobile phones and wearable electronics. Especially, flexible displays are indispensable in these flexible electronics.
Among them, quantum dot light emitting diodes (QLEDs) have great advantages due to their high color purity, high
efficiency and good stability. In this paper, we first give a brief introduction of flexible QLEDs (flex-QLEDs) and
summarize the recent development of flex-QLEDs. Then we discussed the device structure and the interface regula-
tion of flex-QLEDs. For flex-QLEDs with multilayer heterostructures, the strategies are categorized into three: anode
interface regulation, cathode interface regulation, and light-emitting layer regulation. The regulation focuses on re-
ducing the surface roughness, enhancing the interfacial force, and optimizing the energy level. Finally, the perfor-
mances of advanced flex-QLEDs are compared and summarized, and the future challenges and opportunities are pros-

pected.
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Heeger 55" 1 W AE & X 2R — W g £ — BE B (Poly-
ethylene terephthalate, PET) %} Ji§ | #l % T flex-
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EML [ flex-QLEDs. 48 EHDA £ R 28 55 (A i/
FH T T AR 45 AEAETE il A 00 BN 1 5] &
Al J22 bE L 32 B ) 45 fn) . ok BE— 25 A Ak ] & T
20,2018 4F , Li "R FH W WOL T 4 T2 T Ag-
NWs (Ag nanowires) [ #% 9 flex-QLEDs. A fiff Yt
e B ) & ok R e g T U R0 3R Ak T S SR
MEPR P4, 2021 4F , Ren %521 F B9 .00 45 1 0 11
& T 00 T 1 flex-QLEDs .
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Fig.1 Brief timeline of the development of flex-QLEDs
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Fig.2 (a)Schematic structure of conventional flex-QLEDs. (b)Schematic energy band diagram of flex-QLEDs.
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Fig.3 Schematic illustration for two surface treatment meth-
ods of anodes. (a)Process of plasma treatment. (b)I1-

lustration of ultraviolet ozone treatment.

3.2 ZTRENE
BSR4 TG Ab BERE B 0 1T O 14 B ek %R, (B A AR/
HTL R AT AF A 3 K1) 25 7 A # & i B HTL #4

LAY R AL RS 5 ETL AR #0081
ek A0 22 T 1~2 DRGS0, IR 1, X il 75 3
T EAN T, P, 7 ZAE P R 5] A=
78 A JZ (Hole injection layer, HIL) , D\ T JE 1 Bir
B 4 s AR RE 1 o H AT B T Y HIL
£ Bl J& PEDOT: PSS (Poly (3, 4-ethylenedioxythio-
phene) -poly (styrenesulfonate) ) 1 it ¥ 4 J& %
.
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Tab. 1 Energy level parameters and mobility of electron and

hole transport layer materials

ERER/ LUMO/
ok L
(em®-V7'-s") HOMO/eV
Ti0,(FF) 1.0x107* 4.2/7.4
ZnO(HLF) 2.0x107° 4.4/7.7
Alg,(H8F) 1.0x107° 3.0/5.7
TFB(%57¢) 1.0x107* 2.3/5.3
PVK(% V) 2.5x10™° 2.2/5.8
Poly-TPD (%5 70) 1.0x10™ 2.3/5.3
TPD (%5 5X) 1.1x107 2.4/5.5
TCTA(Z70) 1.0x107° 2.4/5.7
CBP(Z70) 1.0x107 3.0/6. 1
3.2.1 PEDOT:PSS
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o TR I AU 8% 18 AR Dy HILAE i BB /HTL 7t
T, T 7 SR 2 A o R Sk v J2 AR L i 2
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TEIE S 284 vh  PEDOT : PSS A4 3 B4 I AE T
TE I A 3 A A 0 25 0 A i, O A A1 B R 2 T KL
BEEE . 2021 4F , Choi Z5™'/E PEN/GO FH B 5 1F Hy
HTL % 2 (9- 2 45 FE /R 18 ) (Poly (9-vinylcarbazole),
PVK) [d 3] A PEDOT: PSS (HIL) #I % T flex-
QLEDs, %% J:11E B 78 FH A% /HTL 516 6] 51 A 5t i &
Wi 2T LU L B 3 &2 R il R A LR LIk
#] 14 330 cd/m’, CE 24 20. 77 c¢d/A. 2022 4, Liu
SECUTE] FE AE B /HTL (B8] 51 A PEDOT: PSS il £ T
flex-QLEDs. 7% & fF 1, PEDOT: PSS & #% 1
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AMER (D) HBEH N 4.9~5.1 eV, A F ITO Al
TFB 9 HOMO (Highest occupied molecular orbital )
RER Z 0], JE B B 34 22 4R i T 8 TR AR
(2) B AR Z2 M 1TO FE B 1 2 T RELRE J , sk 20 PR JRg 38
FL 90 e R A 1 e ) R

H 49X PEDOT: PSS 1E HIL RE 42 i g 14 Pk fig , 15
PSS i (1) iR 1k AT PR 25 51 v 5K R [ A K
Tl A5 (0] 0, T DA R0 BB JS PSS Y i, Kb EE
T3 2R 53 i UL B (BB 24 B ) RIS 5 Ak 3
(BIAMEA DA P 80R IR KA T B MRS .
4B 2 — B L (Dimethylsulfoxide, DMSO) F12
2 T FE R FERE (Triton X-100) 9 PEDOT: PSS ¥
FIAb PR, 35 A B (RO AS ALl PSS 85 M4 i i
PEDOT: PSS it & 4 H fig 4, 3L PEDOT: PSS & 4=
FHATBS AR RETE S PEDOT 85 B4 52t 3 il A8 Sl 490 K
LRARAR B T P PR BE T L R R 3 A0,

TS A 3k 0 T e KRR 2 (Dodecylben-

zenesulfonylazide, DBSA) 4t # PEDOT: PSS # % ,
DBSA 43 B H ) H' 5 PEDOT: PSS H ) PSS 45 & 4
(a) (b)

Y

&5 , 3 RMS=1.71 {:m'
f . 4

B Bk R v B PSSH, B PSSH 5 PEDOT [ 4
LR, KM
3.2.1.2 AR

16 21 flex-QLEDs H1, PEDOT: PSS 4 5] A fig
R AIC ZnO 2% THDRLRS B2, AT RUBE . 4l 54 T &
SR VE SR TN flex-QLEDs PEBE Y ek 45 b7 . 1
TR R ST, A 4 00 2 il AR T R B T A
i FRL AR RN 00 4 JE A M BE . 2022 4F, Ji
#4124 A PET/ITO/Ag/ITO, I 76 1 KL filt B
My 7 T R 4E A Y flex-QLEDs, {1 & 4 (a) . {H
PET 2 [ HHRS 2 8 A, S0fdlf 280 U+ 76 4% fi o 72
BB AR AR TR S A LRI . Ry i i ]
B, T3 4R 5] A2 PEDOT: PSS, LAV /b ZnO fiY 36
i Ml #E % (Root mean square deviation, RMS
1.71 nm FFES 1. 10 nm) , W& 4(b)~(e) , M i
BRFE DR B AR R 2 A RN N B TR )
R [RIHS, 30 RE B N &2 & fa AR RN D) B )2
MR, E— R AR HIL BRI S 5 48w
0 e A ) SR A R IO R i i

(¢)
0

1 2
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B4 B flex-QLEDs,  (a) 2 B flex-QLEDs #§ 74 45 ¥ 7n & & 5 (b) Zn0 JZ 16 AFM K14 5 (¢) PEDOT: PSS/Zn0 JZ 3 1

AFM [EH?}( [32]O

Fig.4 Inverted flex-QLEDs. (a) Schematic structure of inverted flex-QLEDs. (b) AFM images of Zn0O. (¢) AFM images of

PEDOT: PSS/Zn0O"™*.

3.2.2 HEALBALY

To ML 4 & S ALYt v LAAE A HIL AR HAS
HARMY , ASEmENEE. Tile)E sty
Al 3 A p BB R (A0 NiO,) Al n B R (B0 TiO,)
TATA F BB B RIS ", )2 8
HHIE A MoO5 . NiO, %5 .
3.2.2.1 %AALEH (MoO,)

b P 4 Jm AL W HAT BRI AN AT AR T
T R AR O M . AE R R
o SR A 288 T8 A B FIAR 5 38 O R 19 Mo O,
HIL™', BE i A1 HE AR 9 Ty ok 20N 4.3 eV 42 5 5]
5.3 eV, AR 7O AR WK 5(a) . AHI Y 2%

I 4L flex-QLEDs 1) EQE 43 1 k3. 78% il
3.92%, L 43 5l N 2 504 cd/m* F1 6 881 cd/m’, &l
5(b) 7R T #5141 H Ui 85 32 - Fi o -5 B o P ol 2k
(J-V-L) o 3030 3 229 MoO, 1 HIL, 48 1iij H i &
T B H AR, O RE I AL KR A 7 Y 2
Ko BHEF AN R WA 2R RS WOk
il £ MoO; ¥ JBE Y F- Bt ok 52 B flex-QLEDs 1 45 Xf
B R . Flan, LiSERER H MoO, 7E HIL, 4
Fe PEDOT: PSS, MoOs i [l 114 2 a1 MRS B2 21K, A
B F #0018l flex-QLEDs & 6 £
iy o
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3.2.2.2 FAALE(NiO,)

1% G5 % T - 8 e 75 11 2% 1 NiO, (2847 58 & oy
3.6~4.0 eV) K BA m e e ARSA | R A2
AL i e 7 AL HL - BH P A5 R AR S O L g Y
HIL, {H i 28 75 28 1y B KR B2 (29 275 “C LA
) R R A YR RS T U X PR T
NiO, 75 F A A i i 4T . 2019 4F, Chen £8™5%
FHAK IR (150 °C) A B8 1 Fn 4 4h B4 A B4 0 T
NiO, , fff NiO(OH) & HIJE i NiO (OH ) f# #% - F1 Ni
2o XA AE T NiO, R BES 254 4R T L
S0 H NiO(OH) 9 TE B 51 T 2025 B 2 114 i
B, 2 U AB RN, 2 7R AR, R

Al/ I\/E_?Oag

Energy level/eV

o

w +

L1

=

||
s M
° !
T

(c)

5(c)~(d) o DAGRLR KR4 Ah BB R Nio,
Jg BB 4 B9 flex-QLEDs A9 %2 ] Lt L PEDOT:
PSS Ay FE Al A 25 F K 3.2 /%, CE 35 F1] 45. 8 cd/A,
EQE Jy 10. 9%.

FARAR TR B i 5 58 A0 B AU D R AR FH R e iR
Tk 1R R 22 P 2 40 L (R T 1 A5 1Y flex-
QLEDs %% Fll iz 17 4 iy B K KA T 58 T i 9K
A DT 2l 28 . 2021 4F , Chen %7°R
FH %50 B 5 B A B O vk L ERIE T Wl A T
NiO,-CuZiK ik, % flex-QLEDs 3 1F Tos i35
177 4r 2 800 h, i id T ik NiO, #% 14 1 | &
FFA

Current density/(mA «cm ™) g
Luminance/(cd-m™)

—~
=5
—

UVO-NiO. PVK
SR LS L T S0 ) B8 0 AR 0 R L5 (1) J-V-L 5 22 I 0 2 €126 flex-QLEDs 7
PRSI 35 50 SR BN (o) 5 (d)%F NiO/PVK J T A 25 iy S

Fig.5 Effects of transition metal oxides on anode interface. (a)Schematic energy band diagram of flex-QLEDs. (b)J-V-L charac-

teristic curve (inset: photographs of green/red-emitting flex-QLEDs)'**". The band bending at the interface of NiO,/PVK

before(c¢) and after(d) UVO treatment ™.

T4 Jm A AL AR FRARAE M )2 A = KA A
(1) 7 R e il 3R X S 4 1R B 400 3 5 (2) fE $E i
ITO 2 T8I ) By bR K0 e AR 2 X T8 A 3 22 1 [ I
IR ITO K T AL KE B ; (3) R m A MF Y itk 4
IRLBR T PRUBEREA G U 6 R AL, N B S AR
AWy o nT B T B AR I A, 49 B T
R IECR M EAER (TIO,) o 25 BT, FHAR A
T 9] 4 2 1 45 155 1 8 flex-QLEDs (9 3L filf , P I %
G 4 BH Bl B i 9 4 R 4R e A R R E Y
PS8

4 AR

TE flex-QLEDs H1 , B 54 A #8522 Bk F B
MR 28K BE K 5 ETL 19 5 IR A o5 48 38 (Low-
est unoccupied molecular orbital, LUMO) i) fE 4 =
e —ORUL, BB 22 B B AR R
TEARCREA S8R . Pt 72 B /ETL [E] ik A —
J2 BTG 2 A2 AR PR UL Y ST A
PO, EEH MR S B AT
4.1 BFEHE(ETL)

QLED 175 5T ) % it 38 % — it /N T /L 7 19 4%
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B RO T AR RS R E A R A
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N TGk % . U, IS8 3 AT Algs (8-
hydroxyquinoline)"" | Ti0,"™ #1 MEH-PPV"" TPBi
(1,3,5-Tris (1-phenyl-1H-benzimidazol-2-yl) ben-
zene) VL P RHE ETL, ETL A9 51 A AT fift 5 B
e 5 EML B2 422 fik Jor 5 35000 0 730 K 1) 85 {H 2%
PEAE IR B — % 5% BE 7 ETL A2 %06, S i 25 18 i
Al 5ok A E AT & BLRE A AT I8 1Y TE AR
AR ZnO AT LV HLAOBHE ETL., Jf HBEE
ZnO WY ] & T A AW AR ™, ZnO # R 1Y 2¢
TR MRS i R R A% . 2014 4F |, Demir 2576 it 5
TR VP FE MR A RS PT I i V- U VR A T AR
TR 45 T 459 N PI/A1/Zn0/QDs/TCTA/MoO4/Ag
) T0 %2 5 flex-QLEDs, 203 T ZnO H S I BLEE S ,
el T FR S Ve B A 3 D OREL RS BB R AR, R 1 L3k F)
10 266 cd/m”,EQE ik 3] 2. 44%

ZnO VE 518 B BTG AE 75 2 Ath (7] & . (1) ZnO
KA RLZNHEIE(—ON) , B HiEF T
K, MG 0 R R A A LA DT R AIG 25
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Fig.6  Current efficiency and EQE statistical diagram of the
QLEDs using ZnO, Cl@Zn0O, ZnO:Mg and Cl@ZnO:
Mg NPs as the ETLs™*".
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Fig.7 Effect of EIL and dielectric layer on cathode inter-
face. (a) Photograph of flex-QLEDs with Ca as the

200.0 nm

EIL. (b) Change of electron injection barrier after de-
positing Ca as the EIL™. AFM images of ZnO thin
films (left) (¢) and ZnO/PMMA thin films (right)
(d)[”].
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Fig.8 Effects of PEIE on QDs/CTL interface. (a) Schematic

energy band diagram of inverted flex-QLED. (b) Cur-
rent efficiency-EQE-luminance characteristics curve
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Fig.9 Regulation of QDs/ETL interfaces. (a) Device structure diagram of the flex-QLEDs with mixed EML of QDs: PMMA. (b)

Schematic energy band diagram. (¢)Relationship of luminance and bending radius. (d)L/L, varies with bending cycles .
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F 3.1 eV) SR TAR B B2 M HLAT L5 ETL 4L [F] 44
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N AR A BT 9 InP ot 2 A A AL il
I EQE A # 3. 46% . A5 1 B A2, PFN fi
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QLEDs. It4h, ALO; A TCNQ t 1] £ g AL 1 18 4%
T2 MR 16 ZnO A1 QDs 22 1] B B FF 56 7%
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(a) Vacuum Vacuum 4'<.0 _______________________________ (1) 30
2
e
% ! PEFN 20
e -4 o A - - % [19]
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Fig.10 (a)Changes of energy band diagram of the flex-QLEDs with PFN as an interfacial dipole layer . (b)The highest record-

ed trend of EQE the flex-QLEDs """,

6 S @ A 4= & flex- QLEDs M 48 49
#It
) H AT M Ik, B8R flex-QLEDs H ¥ RE 5 4 7%
3 (E 6 A T R R R L QDs bR i

DA 22 1 vl B 1) Bl it RN S T A R R B T
MR . Flex-QLEDs [ fi &5 EQE i 4fs 4 #
WE10(b) . F£251H T A1 I8 )5 flex-QLEDs
Mk EtERE . X H & B, 3k F 4006 QDs AR
flex-QLEDs 10 HL 14 B8 BH W &5 T 2% 6 A9, 1 15O

®2 ZEfaMlex-QLEDs 28 {4 45 #0146
Tab.2 Device structures and performances of flex-QLEDs with three-primary color
L/ CE/  Bending
Color Structure " (ed- EQE/ (cd- radius/  L/L, Ref.
v o
m™) A™) mm
Red PET/ITO/PEDOT:PSS/TFB/ZnCdSeS QDs/ZnO/PMMA/AgNWs — 1542 — 1.90 — —  [17]
PET/ITO/ZnO/PFN/InP/ZnSe.S,_/ZnS QDs/TCTA/Mo0,/Al 1.9 6881 3.92 — — —  [33]
PET/ITO/sMoO,/poly-TPD/PVK/CdSe/ZnS QDs/ZnO/Al 7.0 562.2 — 5.46 5. 00 0.48 [34]
PET/ITO/PEDOT: PSS/poly-TPD : CdSe/ZnS/Alqy/LiF/Al 3.5 — 38— — —  [37]
Green PET/AgNWs/PEDOT:PSS/PEDOT: PSS/TFB/CdSe/ZnS QDs/Zn0O/Al 4.7 7368 — 2.23 6.25 <0.10 [22]
PET/ITO/PEDOT : PSS/TFB/ZnCdSeS QDs: PMMA/ZnO/Al — 14880 — 21.3 4.00 0.67 [63]
PES/ITO/ZnO/PFN/InP/ZnSeS QDs/TCTA/Mo05/Al 2.2 3900 3.46 — - —  [e6]
PET/GO/PEDOT: PSS/PVK/QD/ZnO/Al+AgNWs 3.5 14330 — 20.77 — —  [23]
Blue PET/ITO/PEDOT: PSS/poly-TPD/CdSe/ZnS QDs/Alqy/Ca/Al 3.0~4.0 1408 — — — —  [14]
PEN/ITO/PEDOT: PSS/TFB/CdSe/ZnS QDs/TiO,/Al — 423 — — — —  [15]
PI/A/Zn0/CdSe/ZnS QDs/TCTA/MoO,/Ag 3.9 2600 1.40 — 2,00 0.90 [19]
PRAN/PEDOT: PSS/Zn0/QDs/ZnO/TFB/Mo0,/Al 3.0~4.0 13458 5.20 8. 10 — —  le7]
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