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FE N TR G R &SR B4 73 il A TR LD A5 5K 5 o 3 & B2 4 (LED) . AR S 3k F & Wt ( Ethylam-
monium Todide (EAD)E A HLE G 38 2 2 3A 28 N7 N- - H1 35 B Bt i (DMF) #9 CsPbBro s L s 85 8k 57 i SRR 7 v
KRS 0 )5 vk HAE A ROEF AT LT SRR EAT B 2R 0l i 85 5k 5 W . L WF 98 & 8. 2548 2% BE /R L4 R
0.5+ 1(EAIL : Pb* " ) B}, 55K 6™ V- 4 BU% , S50 )5 185 BR80T ok s /N, 2070 40 nm. DLILAS R0 I Sy k00 2, il
et # S ITO (90 nm)/ PVK (30 nm)/ perovskite (40 nm)/ TPBi (55 nm)/ CsF (1.2 nm)/ Al (120 nm) AYEELGCHES
BB R CEE R S R R 2.7 VL KSR 320 od/m” , i KAMNE FRUR(EQE) A 7%, &g S 680 nm, A8 bR A
(0.71,0.28) . Bk, A HLE N EAT B] LUAT R0 ) 85 k0 DK s 28 4 (7] e e A1 80 B 245 % B, )R 13 B 1 % o R
FA3 ROBE 13 20 2% T 2549 3 1 e o o 6T 1 o L ME B AL R MR 000 85 8k LED,

X 8 SR FERMIRERL R TR BHRE R RE

B4 E . TP394.1; TH691.9 XERFRIZAD : A doi:10.37188/CJLCD.2020-0261

Application of organic additive in perovskite light-emitting diodes
LIU Xin-yan, SUN Guan-wei, LIU Zhe, MENG Fan-yuan, SU Shi-jian”

(School of Materials Science and Engineering , South China University of Technology .
Guangzhou 510640, China)

Abstract: In order to obtain deep-red perovskite light-emitting diodes (LLEDs) with high color purity,
high luminous efficiency, and simple preparation method, Ethylammonium iodide (EAD) is selected as
an organic additive. EAI is doped in CsPbBr,;1,; perovskite precursor solution with the solvent of N’
N-dimethylformamide (DMF). In this method, spin-coating is used without using anti-solvent to ob-
tain perovskite films with different EAI doping ratios. It is found that when the doping molar ratio is
0.5:1 (EAI: Pb*" ), a flat and compact perovskite film is obtained, and the perovskite grains after
passivation are reduced to 40 nm. Based on this perovskite film as the light-emitting layer, a deep-red
perovskite LED with the structure of ITO (90 nm)/ PVK (30 nm)/ perovskite (40 nm)/ TPBi
(55 nm)/ CsF (1.2 nm)/ Al (120 nm) was fabricated, giving a turn-on voltage of 2.7 V, a maximum
luminance of 320 ed/m’, a maximum external quantum efficiency (EQE) of 7 %, and a bright red
electroluminescence peak of 680 nm with a Commission Internationale del Eclairage (CIE) coordinates

of (0.71, 0.28). Therefore, the organic additive EAI can effectively inhibit the growth of large perovs-
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kite grains while reducing the density of defect states. Simple solution processing technology and mo-

lecular-scale self-assembly technology are used to obtain high-quality thin films for preparing excellent

deep-red perovskite LED.

Key words: perovskite; solution processing; deep-red light emission; ethylammonium iodide; light-

emitting diode
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Fig.1 Schematic diagram of perovskite structure
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(a) UV-Vis absorption spectra; (b) PL spectra; (c¢) luminescence photograph under 365 nm excita-

tion light source and (d) PLQY versus EAI doping ratio characteristics of the perovskite films doped

with different EAI molar ratios.
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Tab.1 Summary of the short lifetime (z,), (z;), long lifetime (z;) and average lifetime (z,,,) of the perovskite films

doped with different EAI molar ratios.

EAI. Pb* Al/r As/rs, As/r, 7,/ns 7, /ns T5/ns X? T/ 1S
0.2:1 68.2/32.4 14.2/51.2 0.8/16.4 2.3 17.5 100.0 0.7 26.2
0.4:1 2979.3/18.0  1451.4/39.7 236.4/42.3 3.7 16.8 98.3 1.0 48.9
0.5:1 2 596.4/13.2 1 743.1/38.7 402.8/48.1 5.3 23.0 123.6 1.1 69.0
0.6:1 1844.5/22.1 798.6/46.8 98.1/31.1 3.8 18.3 99.3 1.2 40.3
0.8:1 3559.4/34.8 969.8/45.8 78.6/19.4 3.2 15.3 80.0 1.3 23.6
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Tab.2 Summary of the device performance with different EAI molar ratios of the perovskite LEDs

EAI: Pb*" V' /V EQE.w/% Lpw/Ccd*m™?)  EL,u/nm FWHM/nm CIE(z,y)
0.4+ 1 2.85 3.0 600 678 40 (0.71, 0.28)
0.5+ 1 2.70 7.0 320 680 41 (0.71, 0.28)
0.6:1 3.15 4.0 47 678 41 (0.71, 0.28)
0.8:1 3.60 1.5 10 682 42 (0.71, 0.28)

“ at a luminance of 1 cd/m?
SRR REE KRR DR S TR A NG e 4 34 $5%K® LED

SEM [ 45 8] 7 RSP ge it B | e 5¢0)
FiR o EAREE R, ZERBABA L 0
0. 2 MEHE . W R TEAR B I, Aok RSF 4R K. 4y
FILE A BT KRR A RRE L. WA
ST LUA ML, 7EE 22 oA 0.5 B, A HLES I 5
EAT R85 IR 3D 5Bk a" &k 1<, HRSH 24
40 nm XN i ORE Y BT BB RE AT A4 b BIR
TR . MDA b A BRI 1R SR Ak AT RUARE L A A
A PLES IR EAT AT L ke 38 J 5 5 L 9 0 7 o
R SR L TS U R L S URL DS ST Y= ¢
TR A

FIRET EAT B0 380 AR R
BRI AT T A5 SR LED Y £ L 08 i 4%
P RAE AR TE AR HLEE . i 45 A5 5607 L BUR O
BEEEA A (B] 6(a)): ITO (90 nm)/ PVK (30
nm)/ perovskite (40 nm)/ TPBi (55 nm)/ CsF
(1.2 nm)/ Al (120 nm),ITO H . CsF /Al
S B . PVK FT TPBi by 28 7% A% i J2 L 15 4
2. REOECES R B BUR AR MERR N 5] 6 A
22 PR, @A, A AR RE S 1
B2 0.2 M85 K0 & 62 S R AT T RS (H
JE I B 15 BB L X AT RE PN Ay L R R



X WF 25 A LIS IR 78 85 R8T HL BOR DGR b i 1

Bl 155
(@) (b) 10° 10°
~ ——0.4
g F——0.5 ’
o E
<:1 101 16 o
E {10° :
B e
CsPbBr, 51, +EAI g 107f 3
Q
P 102
/\N-H31 e‘: r / é
& o4 /. y
g 107} / /// 1o 3
. / /o~
i/ //
10° L - 4 L - 10°
0 1 2 3 4 5 6
Voltage/V
© (d)
——0.4 _ —04
—_— = —05
0.5 LT -y
10"t Z |—o08
& E
/m
100} R
=
E
=]
4
107 s : : . .
0.1 1 10 100 600 700 800
Current Density/(mA - cm?) Wavelength/nm
K6 ()F58kH LED R4S 18] s 35 22 R [A] EAT BE /R LL 6 B0 85 8K 8™ LED Ay (b) L 3 %5 B (J) - LR (V) - 58 B (L) ¢

P 5 (o) fh i T30 (EQED - HL U % BE (D) R s (D LR G (EL) Sk 8

Fig.6

(a) Device structure of perovskite LED; (b) Current density (J) and luminance (L) versus voltage (V); (¢) ex-

ternal quantum efficiency (EQE) versus current density (J) characteristics and (d) electroluminescence (EL) spec-

tra of the perovskite LEDs doped with different EAI molar ratios.
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