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Fig. 1. Optical properties of perovskite films w/o TPPCl and with TPPCI: (a) XRD patterns, the chemical molecule structure of

TPPCI and the corresponding 3D diagram; (b) UV-vis absorption spectra; (c¢) normalized PL intensity spectra, partial enlarged

image (left) and fluorescence photo (right); (d) TRPL spectra.
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4 A AY (101) A1 (202) 1. 5 A& TPPCL Y45
R HEEAR H, & TPPCL BYSSERE iR R /N n 45
i R P AT S 56 B B 8 B AIR, 177 CsPbBry 19177 5 3%
FESEIN. 7R 1(b) H, WA PU AT I 1 157
T 402, 433, 462 1 506 nm FI{7 & . A, 506 nm
JEHH CsPbBrg 512 iy, 1 A W i e J) 43 531] U1 P
Fn=1,n=2Hn=3M/NnsiMHH. XEH
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Table 1.  Summary of TRPL fitting parameters for perovskite films w/o TPPCI and with TPPCL.

Perovskite films 71 /08 Ay T /08 A,y 73 /ns A Tave /1S
w/o TPPCl 1.4414+0.020  0.49240.001  0.422+0.004  1.050-+0.001 7.1094-0.001 0.06940.001  1.020+0.001
with TPPCl 4.67740.080  0.394+0.001  1.02740.008  2.705+0.001  25.0074+0.710  0.0484:0.001  1.84940.001
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_ o« =07, N
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|
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20 F
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& 2 (a) PEA,Cs, Pb,Brs,.,, TPPCL, & TPPCI i) PEA,Cs, Pb,Brs,, B9 B A8 # 20 4M 6% (b) A& /& TPPCI AY 455k~

W TE AN RGBT 19 PLQY

Fig. 2. (a) FTIR spectra of PEA,Cs,, Pb,Br;s,,;, TPPClL, PEA,Cs,, Pb,Brs,,; with TPPCL; (b) PLQY of perovskite films w/o and

with TPPCI under different laser intensities.

7 1 &R TRPL & S800T A1, 2T TPPCL
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1% (fourier transform infrared spectroscopy, FTIR)
FAE, WE 2(a). E 2(a) 1 1573.6 cm* AL I I
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i PLQY s KAEREIL ) 38.5%, & A F TPPCI 45
BRI PLQY B KAE (10.8%) B9 3.56 1. %45
RE—2E80E T TRPL W45 58, Uil T 1k &
Y1 TPPCI REE LS ER S AR B B . B 4y b fF
5% TPPCLXES M, Kl 3(a)—(b) B/~ T A
/% TPPCL 5B A SEM RIFES. 54
 TPPCl WS EKA™ AR LE, & TPPCL Y454k
1 o B P LT B /D> | JIORE B /DN T RSP 3%

XM, TPPCL 5] AT LUEE AL ES R0 TR
AT USRI REARRZE S UKL A R ST, T 4 ks
P PR L S BRI SR TR A R
4, $#27 PeLEDs {) EL RCRffaE M.

3.2 sRHEREK

W TUESE TPPCL 5, AL PeLEDs (1)
e PERE, Hl4 T UE 3(c) R AIPUFARTE TPPCI
W B A Bh 19 ME 4 PeLEDs, 2» Bl & #aF A
TPPCL, #Hil##4F) . 2+ B(TPPCL A 1 mg/mL).
#44 C(TPPCL A 2 mg/mL) Fi#sf D(TPPCL
4 mg/mL). g4 C i SEM FHE K W& 3(d) Frs.
H EL PERESS A& 4, EL PERES B an 2 2 5.
ME 4(a)—(c) HRTLIFE 1, FEARRI R, B
AR RS | e KRR U K ek EQE
HY & TG A Bl ¢ B 5K IF
JRHLE (3.2 V), iR FEARE . W, 2
C WY K2 N 25285 cd/m?, fix K HL LSRN
65.9 cd/A, I K EQE N 17.3%, 7 HEa 4 A 19
4.1, 7.2 F1 7.2 £ X EKHBI: TPPCL 7] LI = 4%
PRI T A SRR T, SE 4 S e
AR, N 25 4 & EL PERE. WA 4(d) B
R, el A, B, CH1 D BH—k EL SGiEEAH R
HLE T ILFES, XERHTIA TPPCLA S 254
{4 2 GIG S R B 2l g e 1 g
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100 nm 100 nm

LiF /Al (0.8 nm/120 nm)

LiF /Al
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TmPyPB
Perovskite
PVK

ITO

100 nm

K 3 (a), (b) A& TPPCLFIF TPPCLAS Sk 5 ) T3 SEM %, 20 64 BRI M 2 LR ; (o) B55k 0 &6 M8 2 - 45+
AEEL (A) # C 1 SEM F i &

Fig. 3. (a), (b) The top-view SEM image of perovskite films w/o TPPCl and with TPPCl. The pinholes are circled in red; (c) the
structure sketch map of quasi-2D PeLEDs; (d) the cross-sectional SEM images of device C.
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[ 4 K[k TPPCI (M — 4k PeLEDs 1 EL FEAE  (a) M3 3 HE - T (b) S8 HEHL IR (o) o0 M0 TR A1 3 i 7280
(d) 7£ 6 V FA9H—1k EL Stik
Fig. 4. EL performance of all the PeLEDs with different concentration of TPPCl: (a) Current density-voltage (J-V); (b) luminance-

voltage (L-V); (c) current efficiency-voltage-external quantum efficiency (CE-V-EQE); (d) normalized EL spectra under an applied
voltage of 6 V.
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2 RFEVEEE TPPCL WM 4k PeLEDs 1Y EL M:HRERIS 5L

Table 2. Summary of EL performance parameters of quasi-2D PeLEDs with different TPPCI concentrations.
TPPCl/(mg-mL 1) # Viwrn on/ (V) P Lyay/(cdm?) © CE, a0/ (cd-A 1) 4 EQE, /% © FWHM /nm f

0 3.8 6212 9.2 2.4 18

1 3.6 16502 32.9 8.7 18

2 3.2 25285 65.9 17.3 18

4 3.2 13785 424 11.2 18

TE: S5 B -h TPPCIRIB AR IE; YA BE N1 od /mif BT HLUS B RS R R FLIARCR B KON 7200 F 6 ViR

JEF 42 98

H F A AR e 2 P4l PeLEDs 1Y XCHEH &,
PRLHE 3 T 9 1 A R e 1k C 12 A5
2 T Al s A AT IR 58 BE [ ) i e B — 2 i
Xif o7 RS [ (B B S8 0F A T CAE 4.2 V R RI0IER
SR (Lo) 05 253 cd/m? Fil 945 cd/m2 A T H
G HEAT LA, IR AT A XA Ly T
(2 A A AR A iR 52 B L = 100 ed/m?
(R 3 Tho(L) =Ts0(Lo) (Lo/L)">, AP Tso(L)
HFARIG B 76, Tso(Lo) N SEPRRIMRSERE Ly Y
. K 5, B C KA (959 s) i
A(194 s) 1Y 4.9 5. X R E 71L& TPPCLIY
U] L) G 25 B e g R AR e k.

1.0 — ,
P Initial luminance of 100 cd/m?

—a— Device A
—9— Device C

0.8

0.6 |

Normalized EL intensity/arb. units

0 300 600 900 1200
Time/s

Kl 5 fefE A RIS C W TAERE M
Fig. 5. Working stability of device A and device C.

WA 6 iR, TG HIEW 51 A TPPCL X
4k PeLEDs " #80i T&4m e T, Hil48 1
BT £ T84 (electronic dominant devices,
EDDs) #1757 5 R4 (hole dominant devi-
ces, HDDs). EDDs #4544 % ITO/ZnO /HEE A
¢ B/TmPyPB(20 nm)/LiF (0.8 nm)/Al(120 nm),
Hop B A o B4k B X% B 48 EDD 10K &%
TPPCI) 1 EDD 2(TPPCl #JFH 2 mg/mL). HiT
ITO JIpR%L (-4.70 eV) Fl ZnO HIMHIL (-7.6 eV)
FEAERCR 4 R 28 o T A S 9 BEL O 24, 4

Kl 6(a), EDD 2 7E4>HH [R] H R T 1Y Hi, Ui 2% B 4R
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Ionic-compound based high performance perovskite
light emitting diodes’
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(School of Physical Science and Technology, Southwest University, Chongging 400715, China)
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Abstract

Metal halide perovskite has attracted much attention due to its adjustable color, high color purity, and
excellent photoelectric properties. The quality of the perovskite film is one of the key factors that affect the
performance of device. Here, PEA,Cs,, ;Pb,Brs,,,; thin films are prepared by directly doping the ionic compound
additive tetraphenylphosphine chloride (TPPCI) into the perovskite precursor of the light-emitting layer based
on additive assisted technology. High-quality perovskite films with uniform, less pinholes and smaller grains are
obtained. Not only is the photoluminescence (PL) performance of PeLEDs improved but the electrolumine-
scence (EL) performance of PeLEDs with a double electron transport layer also turns better. The maximum
brightness is 25285 cd/m? The maximum current efficiency is 65.9 ¢d/A. And the maximum EQE is 17.3%.
The method of adding ionic compounds to the perovskite precursor can not only improve the carrier transport
behavior, but also make the formed small n crystal phases and large n crystal phase more balance, leading to
the energy funnel effect to be enhanced. Further investigation by FTIR proves that the TPPCI can passivate
the perovskite film, and thus greatly improving the EQE value of the PeLED. This researchpresents a simple

and efficient method of developing high-performance quasi-two-dimensional green PeLEDs.

Keywords: perovskite light emitting doides, tetraphenylphosphine chloride, photoluminescence,

electroluminescence
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