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Abstract: Top-emitting quantum dot light-emitting diode (QLED) have a higher pixel aperture ratio and signifi-
cant application value in display technology. In this paper, an Al/Ag semi-transparent anode was first designed, and
mar) 0f 25. 0% and
) of 54. 1 cd/A, which were 22. 5% and 27. 2% higher than those of the pure Ag

the inverted top-emitting device fabricated achieved a maximum external quantum efficiency (EQE
a maximum current efficiency (CE,,,,
anode device, respectively. The research shows that Al/Ag enhances the hole injection ability and is conducive to
charge injection balance. Then, the influence of the top-emitting microcavity effect on the device’s luminescence per-
formance was studied, and it was found that the electrode thickness and device cavity length have a regulatory effect
on the device performance. When Ag and ZnMgO are 27 nm and 65 nm, respectively, the device performance is opti-

mal. Finally, the influence of the microcavity on exciton recombination was explored, and it was found that the Pur-

cell effect can accelerate exciton radiative recombination.
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12 0,40 B2 A BUR 6 AR R 55 0 L TE WoR S 32
T RE, é’éﬁgfﬂﬂﬁi,ﬁﬁ'ﬁ\ﬁﬁ'ﬁ\ﬁ
15 F 5 (Quantum dots, QDs) H F 3611 0T 17 | Y6 F RO 4 (Quantum dot light-emitting

nu\‘

Wrm B XXXX-XX-XX5 81T B : XXXX-XX-XX
BESWA )7 AH B ST A BT H (2022B0303010001)
Supported by Guangdong Provincial Key Areas Research and Development Program



2 K b/

¥R

diode, QLED) ¥ fiz K4h i 720 % (EQE,,,) ¥ &
i 20%: £ 5 30.0%"°, 4t {5 28.7%", W%
24.7%", A It QLED #{ Ik Ry & HAT 8 iy F —1%
BRHEARZ—,

T & 5F (Top emitting, TE ) 45 ¥ 1 % T i & 5
(Bottom emitting, BE) 45 #y H A W E L # . BE 4%
B b, ot DA B 5 A IS S L BT B A IR (n =
1.5) 5255 (n = 1. 0) (M A 72 B K AT 3 R R B, —
T S TE B IS /A R R A A RO, 5 R R T
BEEEAL I b, RIBTIE A Aed A A0 FE X PR 1 T A%
HERCR T, AN, BE #8145 TFT 8K 3l H j4 48
BJR AN 3Z B TFT 3K 2 i % 25 3 4 — 3 4 &
A, FEUR R I OREAL, I, BE 45976 B
IR IE ARG k. 5 BEZSHORTE], TE 45 # #%
P S T DA B DTS > 37 B A G o R 4
THER T e S MR R IT 1Ry )8, [+
B, TE #4514 P9 35 77 76 38 20 04 S0 800, S 78 I 5
HL A 5 2 325 B e A ol 1 A P 28 3 22 Ok R I
BAR 85 DT 3 5 6, 7 2 S 900 g 1) e
A, AR K, TE-QLED R BF 58 € 2 BUiG i 3%
JEST EQE o O AR TFE 44, 5%, SR, L2 1
B TE #8781 238 32 2248 vh 76 1E 5 4540, (5] & 4544
(18 25 1 35030 R AN B 0 v O A A Y — 2
T R A% 58 T T (B B A K B E Y T N B TRT
B 1, TE R AICOR 3l H T 4 T2 R R M R T 203
M T HAs R R R R X
B TE-QLED #8F i iF 7%, H A 5 200 1A .

f£ QLED #% {4 v , M + 1% %y )2 (ZnO ¢ Zn-
MgO) HLA7 5 5 1 i 13 B8 S H I RE L 25 4
A0S L B HE - B R BT A o RN, 25 AR T 2 1Y
23 7T B AR i B, H QDs B M il A IR, 25 X
WA IR 5 OB /78 X
TEA SRR XS FR , S B8 B F T A4,
11 51 K MR B A 2 e A it Y I L e
A AN 1 ] B8 AE 3] & 45 #9 9 TE-QLED 58 i 28
o B, fEA R, 8] E TE-QLED A FH % R
B E SR A ITO( DK% 4. 8 eV) HL
W #5 N A, (HIE 5 1TO 2 85 3K F 2 A9 QDs &k
2 LA 2 A AT R 4 JE AR (a0 Ag, T oK
426 eV) X EHBERM T 2 70EASRL, H
W AE T 2200, A S TR 6, Ag H A A 25
WL 20 nm, Kl Ag it B YR B T 2
T HO RN 7 2 R AR S . B, S

B i R A5 7 2R A e M B 5] TE-QLED
1) S

W, AT T AVAg B A BB AE N 2K B
HFY BE A LA 38 58 4 5 A BB 7, 38 ek R B K
o7 Ak A 1 M B i 2 ) 15 = A% 8] ' TE-QLED
B 28 EQE,.. 5 CE,..2» %3k 3] T 25. 0% il
54.1 cd/A.

2 % B

2.1 ER5iRFH

CWE LR SR A 2-H A8 6 B 3K T Alfa
AR KA LR VUK A LR P R R
b8 (TMAH) , — H 3L (DMSO) IR 2 A % 2
I W % (PEIE) g 32 F Aladdin 23 7] . TCTA ,MoOs
1 PEDOT:PSS W 3K T 75 % % 3¢ 4 . 20061 A
(red quantum dots, RQDs) F 17 & Wl , #Z 5 45 44
CdSe/CdZnSe/ZnSe/ZnSeS/ZnS , & Th e 44y 3 1R
O3 BUAE IE S e, W B R 20 mg/mL. TFB W SE T
American Dye Source, Glass/ITO(10 nm)/Ag(150
nm)/TTO(10 nm)FE Hg W 3K F 77 M 5 70 A6 i B 42
AIRAHE
2.2 HEEE
2.2.1 PEIE #% & &4 %

P10 mL BB S TR 6 I L i
5 4 A — % PELE, 30 5% Bt f 5 A 2- 1 &0 2
W W SEIRE 0. 5 wi% a5 1k SR BEFE 24 h
= H .

2.2.2 TFB#&kikH %

£ 3 mL B BE B H A 16 mg 19 TFB, R J5
O 2 mL S I BEFE 2 b, i FH AT 0. 45 pm A7
HLJE T 0k Sk 23 1%

2.2.3 ZnMgO & T 54 %

B ZKE ZRREE(0. 2798 o) 5 MUK & Z R EE
(0.048 g) % T 15 mL Ay DMSO 1 , ¥t TMAH
(0.453 )% T 5 mL LB, 43 FE 5 mine 3%
fi# J5 , ¥ TMAH (9 £ BE R W LA 16. 5 mL/h 1Y 3 B2
27 1% 7 A\ DMSO WY IR & ¥ W, 60°C T 13 # 150
mino K SN 58 B TR S B AE DO AR B0 48 2
BEHN 15 mL 4R B , LA 5000 rpm 3 2R B .0 3
min, {8 $ W, (6 3 mL £ BEV fR S N DLTE
FH0. 45 pm KA PTFE 383k i 38 )5 45 FH .

2.3 BEHNE

KA 25 7 % AE Glass/ITO/Ag/ITO HEAR

i B ZoMgO 5 Wi, 100°C 3B K 30 min, JE A%



EF e, 4. BT AVAg B 1948 E T & 5 QLED 3

ETL. fE ETL F Jig %% QDs ¥ ¥ , 50°C F i & 30
min, J& i EML, 7 EML E €& 51 A 5 nm [
PEIE, J B 5 T8 1 2 DL R ARG 25 700 A #5207
ZEPE VIR TCTA (40 nm) Fl MoO3(8 nm) 43 I {E Ky
HTL F HIL, ZE45 Ag s AU/AgVE Jy 2k 3% B FHB% .
JiC K 5 45 8 T Glass/ITO B AR i % , 2% 5% 100 nm
AVVE R BAA , He Ay D BB )2 5 T & 9 & 1R IR 55 —
B AEESITT

0 % S 4544 : Glass/ITO (10 nm)/Ag(150 nm)/
ITO (10 nm)/ZnMgO (x nm)/QDs (30 nm)/PEIE (5
nm)/TCTA (40 nm)/MoO (8 nm)/ Ag(y nm) 5§ Al
(2nm)/Ag(y nm)

I & 53 45 8« Glass/ITO (135 nm )/ZnMgO (35
nm)/QDs(30 nm)/PEIE(5 nm)/TCTA (40 nm)/MoO
5(8 nm)/A1(100 nm)

ZnMgO J& FE R x nm Y T0 & 5 &% 14 12 AE TE-
ZnMgOx, Ag J& J& i v nm 19 T & 5 8 74 ic 7 TE-
Agy ol TE- A12Agy, JIE & B #8112 4E BE,

3 #RE5®

3.1 AVAgE AFRRITEE AL R =T
TE #5147, T8 -5 RS 358 fo Al =2 (B4 Bl 6 24 1
PRI, 6 FAE i N4 Dy A 2 3t ) o 1 g

—~
QD
g

(4 75 258 IR A s CRb e 4 ) 18] 3) il 2
IR I Y e 2 3RS B A R R, MR 51 EL %S
HWEGE AL . 5 TE 25 F AR, BE #5844 T IK
HITO Al Ha O 55 1 B e, TC 8 A 2L
TR 50, BL GG 2 0 58 90 A 2 B A2 k.
b, P58 i FWHM Y A A0 B G B W 2 P S

530 2K A Ag(27 nm) A A2 nm)/Ag(27 nm)fE
o237 W BEA , 1 £ T TE-Ag27 Fl TE-A12Ag27 Ti
A B 1(a) &6 THE WoR , TE-Ag27 Hl TE-
A12Ag27 9 EL J'G 3% 2 W8 58 43 5 24 15.9 nm F
14.7 nm, ## F BE #5444 (18. 6 nm) , 35 &L T
2.7 nm f13.9 nm, KL, TE-Ag27 il TE-A12A27
w8 A7 R B B RO . T 1(b) Y J-V AL
7R, BE  TE-Ag27 Fil TE-A12Ag27 (¥ f3 %% oy, 43
WN2.6V.3.2 V3.0V, A TE #5085 2 i
JE¥)m F BE #8444, IF H AR 3K 8l s & BE H AT
B A FL U L X 6 W TE 2% Y R A B
e . TE-A12Ag27 /)5 5% HL R 5% TE-Ag27 BEAIX
TO0.2V, HEAHE A E R E, XKV 2 nm Al
Mgl ARG B a1 i far A o B 1(e)FI(d)J2
fF EQE-J #1 CE-J #i £ . BE. TE-Ag27 #l TE-
AI2AE27 ) CE 50 % 0 32,1 ¢d/A . 42. 5 cd/A I

(b)

_ - 600
s 10t -=-BE ——BE
) / : - - -TE-Ag27 —— TE-Ag27
Zos8f § 4o -TE-A2Ag2T 450 —— TE-Al2Ag27
{3 2
E06 P g
e o ‘n‘. <300
=04} "i " £
- )b w =
8 o ! -
=02 ,‘ § W 150
£ . 4’ Y
Sgok=s=z2227 s PR
0.0
: : \ 0
570 600 630 660 2

Wavelength (nm)

—~
)
~

(d)

30
60}
25F pma—w—m—a—n— 4 - — —— .,
". 50 I'" —
w0} I . T
9 ’ s Faopd A —_—
s < ;
= 51 a0} é,,.—ap
= =
=10} )
20} e
T TE-Ag27
5T —s— TE-Ag27 1wl e TE-Ag
—a— TE-AI2Ag27 — TE-AI/Ag27
0 . : . 0 . . .
0 100 200 300 0 100 200 300
J (mA/em?) J (mA/em?)
BT R S5 8 O ERE o () EL G 5 (b)J-V-L £k 5 (¢) EQE-J M £k 5 (d) CE-J i £k

Figure 1

Performance of different structural devices. (a) EL spectrum; (b) J-V-L curve;(c) EQE-J curve; (d) CE-] curve
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Table 1 ~ Summary of Performance of Different Structural Devices
Device v, (V) FWHM(nm) CE,, (cd/A) EQE,, (%) L, (cd/m*) EL peak (nm)at 5V
BE 2.6 18.6 32.1 18.2 219148 620
TE-Ag27 3.2 15.9 42.5 20. 4 135225 619
TE-AI2Ag27 3.0 14.7 54.1 25.0 236499 619
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Figure 2 Proportion of various optical coupling losses
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Table 2 Summary of performance of TE-QLED devices with different electrode thicknesses

Device V,.(V) FWHM(nm) CE,, (ed/A) EQE,, (%) L, (cd/m®) EL peakat 5V (nm)
TE-AI2Ag22 3.0 16.7 12.1 18.4 51604 619
TE-AI2Ag27 3.0 14.7 54.1 25.0 236499 619
TE-AI2Ag32 2.8 13.4 62. 4 10. 8 305258 619
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Figure 6 Performance characterization of TE-QLED devices with different electrode thicknesses. (a) EQE-J curve; (b) CE-J

curve; (c¢) electrode transmittance and reflectance; (d) angular emission mode of the device
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Figure 7 Performance characterization of devices with different cavity lengths. (a) EL spectra; (b) J-V-L curves; (¢) EQE-]

and CE-J curves; (d) EL peak positions and full width at half maximum.
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Table 3 Summary of TE-QLED Device Performance with Different Cavity Lengths
FWHM CE, .. EQE L EL Peak
Device v, (V) " - "
(nm) (ed/A) (%) (ed/m?®) at 5V(nm)
TE-ZnMgO75 3.0 18.1 14.9 19.3 73997 624
TE-ZnMgO65 3.0 14.7 54.1 25.0 236499 619
TE-ZnMg055 2.8 21.6 35.3 23.1 192990 617
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