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Fig. 1. (a) Experimental set-up for femtosecond transient absorption spectroscopy; (b) schematic of proposed
band structure of (5-AVA)g.05(MA)o.95Pbls and (5-AVA)g.05(MA)o.95Pbls/Spiro-OMeTAD showing the dual
valence bands that give rise to the photoinduced bleaches at 480 and 760 nm; (c) the UV-visible absorption
spectra of (5-AVA)o.05(MA)o.95Pbls and (5-AVA)g.05(MA)g.95Pbls/Spiro-OMeTAD.

018401-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y38 ¥ 4R Acta Phys. Sin.

Vol. 68, No. 1 (2019) 018401

FRATVENTE Ay T2 s v 2 T AL 1 I e
=, WK1 (b) i, 22 7EHiZ Spiro-OMeTAD )
104 T L (5-AVA)o.05(MA)o.05Pbl3 5 0.57 V. [
I, Xﬁ?ﬁ?/’?f’éiﬁﬁﬁ AR 5, fE Iz UK
5, B ERE BT, T E HA S8 A T
BT ?Uﬁf/\%iﬁub::’, I 5 & Spiro-OMeTAD HjJ
Mrareedt. 1X— i R 2O HIZ -THZ SR DE 1
4 FAE s P1,

3 BR5T#

K2 (a) FTEL 2 (b) 735l 2 A5 ERH I (5-AVA)g.05
(MA)g.95Pbl3 Fll (5-AVA).05(MA)g.95Pbl3/Spiro-
OMeTAD 7£ 600 nm [ 312 Y6 ¥ & ~ 13 2 19 A
[Fi) ZE 3 RF ] 1) B 25 IR SO 3. il 3 O Tk 1)
RE R N2 u/em? FATKRI, WA

Soge)
B AE S E 750 nm T ) — N ESEAES
0.1
(a)
s
52 ' (o Ny r——
5
e}
= -
L 01 —— 50 ps
2 100 ps
—— 500 ps
-0.2r1 —— 1 ns
—— 5 ns
—— 7 ns
—0.37[
(5-AVA).05(MA)o.95Pbl3
550 600 650 700 750
Wavelength/nm
0.1
A vn e B b e s e N
2 0
‘g
- 1
. — 1 ps
:% 0.1F —50 ps
Q - 100 ps
4 — 500 ps
1 ns
—02f 5 ns
7 ns
(5- AVA)OO (MA)o.95 PbIS/Splro OMeTAD
—0.3 .
550 650

Wavelength/nm

2 (a) (5-AVA)g.05(MA)g.95PblIs Al (b) (5-AVA)o.05
(MA)0.95Pbls/Spiro-OMeTAD A [A] 4L 35 B[] T [ B3 45 W 1
Jeil, MIEHBAK Y 600 nm, REEFEN 2 pJ/cm?, #ikFR
JeiE SR E R

Fig. 2. Time-resolved transient absorption spectra of
(a) (5-AVA)p.05(MA)o.95Pblzand (b) (5-AVA)g.05(MA)o.95
Pbls/Spiro-OMeTAD at different delay times following at
600 nm laser excitation with an energy density of 2 uJ/cm?.

Arrows indicate bleach recovery.
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Fig. 3. (a) Time-resolved bleach recovery probed at 760 nm with 600 nm laser excitation for (5-AVA)g.05(MA)o.95
Pbl3 and (5-AVA)g.05(MA)g.95Pblg/Spiro-OMeTAD; (b), (c) reciprocal of kinetic traces shown in (a), normalized

at the maximum bleach.
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Normalized transient absorption spectra of the band-edge transition in (a) (5-AVA)g.o5(MA)o.95Pbls

and (b) (5-AVA)q.05(MA)g.95Pbl3/Spiro-OMeTAD recorded at the maximum bleach signal (1 ps) after 600 nm
pump excitation of different delay time; (c) and (d) schematic representation of the Burstein-Moss effect for (5-
AVA)o.05(MA)g.95Pblz and (5-AVA)g.05(MA)g.95Pbls/Spiro-OMeTAD.
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Abstract

In recent years, the solution-processed organic-inorganic perovskite solar cells have attracted considerable atten-
tion because of their advantages of high energy conversion efficiency, low cost, and easily processing. Organometallic
halide perovskite solar cells have gradually demonstrated particular superior properties in energy field due to their
excellent photoelectric properties. This has been triggered by the unprecedented increase in its overall power conver-
sion efficiency reaching 23% in just a few years, and it is becoming a direct competitor against the existing leading
technology silicon. In this paper, 5-AVA-doped organometal halide perovskite films, (5-AVA)q.05(MA)g.95Pbls and
(5-AVA)0.05(MA)g.95 Pbls /Spiro-OMeTAD, are prepared by the two-step method. The generation and recombination
mechanism of charge carriers in two kinds of film samples are discussed in detail. The bivalent band structure of
perovskite film material CHsNH3PbI3 is determined by ultraviolet-visible absorption spectra of perovskite film (5-
AVA)o.05(MA)o.95Pbls and (5-AVA)o.05(MA)o.95Pbls/Spiro-OMeTAD. We investigate the photocarrier dynamics and
band filling effects in these two organometal halide perovskite films by using femtosecond transient absorption spec-
troscopy. For (5-AVA).05(MA)o.95Pbls, the photoinduced bleach recovery at 760 nm reveals that band-edge recombi-
nation follows second-order kinetics, indicating that the dominant relaxation pathway is via the recombination of free
electrons and holes. With regard to the perovskite film (5-AVA)q.05(MA)o.05Pbls and (5-AVA)g.05(MA)o.95Pbls/Spiro-
OMeTAD, the signal is photoinduced absorption from 550 nm to 700 nm. As the delay time increases, the electrons
and holes are recombined, which results in a red shift of absorption spectrum in (5-AVA)o.05(MA)o.95Pbls. This can be
referred to as Moss-Burstein band filling model. In contrast, the electrons and holes of (5-AVA)g.05(MA)¢.95Pbls/Spiro-
OMeTAD perovskite film sample are separated after photoexcitation. The holes rapidly transfer to the hole transport
layer of Spiro-OMeTAD. It will lead to an increase in sample absorbance and a rapid recovery of bleaching signals.
Consequently, electron-hole recombination is no longer a dominant pathway to the relaxation of photocarriers and the
band filling effect is not significant in the composite film. Our findings provide a valuable insight into the understanding
of the charge carrier dynamics and spectral band filling in mixed perovskites. These results conduce to the understanding
of the intrinsic photo-physics of semiconducting organometal halide perovskites with direct implications for photovoltaic
and optoelectronic applications, and provide a reference for the future research of perovskite solar cells.

Keywords: organometal halide perovskites, femtosecond transient absorption spectroscopy,

recombination of free electron and hole, band filling
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