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Abstract. Transient absorption in the Visible and in the deep-UV is
performed on MAPbBr; thin films with 3.1 eV pump excitation. The UV
probe can access higher order transitions in the material exploring different
high-symmetry points of the Brillouin zone. Uncorrelated electron-hole
pairs are generated within the instrument response function of 150 fs. The
photobleaching at 3.3 eV shows that electron cooling happens in ~ 1 ps.

Introduction

Hybrid organic-inorganic methylammonium lead halide perovskites (HOIP) with
formula MAPbX. (X=Cl, Br, I) are very promising materials for applications in
photovoltaic [1], light-emitting [2] and sensor devices [3]. HOIP can be easily synthesized
with cheap production costs. MAPbBr. is a popular HOIP, generating high open circuit
voltages in solar cells. Charge-carrier dynamics in MAPbBr, with above band gap
excitation has been intensively investigated by femtosecond transient absorption
spectroscopy (TAS) in the Visible [4], [5]-[7]. A slow charge-carrier cooling time in the
subpicosecond range is often reported [4]-[5], [6], partially explaining the efficiency of
electron injection at interfaces. However, TAS in the Visible does not distinguish between
the type of charge carrier (electron or hole). Here, using deep-UV TAS with 150 fs time
resolution from 270 to 370 nm [8], higher order interband transitions can be reached in
MAPDBr., from which we specifically observe the electron dynamics.

Results

Figure 1a) shows spectral traces from MAPbBr. thin film excited at 3.1 eV above the band
gap and probe from the Visible to the UV. The transient spectra exhibit four photobleaches
(PBs) centred at 2.35, 3.35, 3.75 and 4.45 eV labelled PB1 to PB4 in the following. The
PBs positions correspond to specific features of the optical spectrum (Figure la) and agree
with the resonances retrieved in previous ellipsometry studies [9], [10].
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In the Visible, the PB1 lineshape with positive wings after 100 fs is consistent with the
large number of works available nowadays. The PB1 minimum is reached after ~ 2 ps
(Figure 1b) due to charge-carrier cooling and accumulation at the R-point (Figure 2).
However, the competing cooling rates of electrons and holes cannot be disentangled which
can be overcome by TAS of higher energy transitions at different points in the Brillouin
zone (BZ) in the UV.

Time traces close to the PB minima in the UV are depicted in Figure 1b) together with
the instrument response function (IRF). Contrary to PB3 and PB4, PB2 follows a bimodal
rise with a prompt bleach within the IRF followed by a further bleach in ~ 1 ps. Such
bimodal bleach is also observed for PB1 and can be related to charge carrier-cooling as
previously reported [4], [6].

The initial negative signal over a wide spectral range in the UV within the IRF points
towards an IRF limited suppression of the Coulomb enhancement, corroborating the
ultrafast dissociation of electron-hole pairs into free charge carriers [4].
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Fig. 1. a) Transient absorption signal of MAPbBr; following 3.1 eV excitation (density 1.3x10'7 cm™)
and UV-Vis spectrum. b) Time traces at the positions of the photobleaches.

Discussion

The link between the observed MAPDBr, transient response and the band diagram is of
outmost importance for the understanding of the optoelectronic properties of HOIPs. The
reported band structures of MAPbX. are similar despite the halogen substitution [10], the
main changes being the energy spacing between the bands. Hence, a plausible universal
behaviour of the transient optical responses may be expected.

A few TAS studies on MAPbI. focused on the dynamics above the optical band gap
where the corresponding PBs appear at 1.65 (PB1), 2.58 (PB2) and 3.13 eV (PB3) [11]-
[14]. Especially, PB2 in MAPbI. shows a prompt rise independent of the pump energy [12]
while the bands therein involved are directly populated with 3.1 eV pump. This contrasts
with the ~ 500 fs time required for PB2 in MAPbBr. to reach its minimum inferring a non-
universal photodynamics under halogen substitution.

Following previous assignments for PB2 and especially the band structure
calculations by Leguy and coworkers [10], PB2 is due to the transition from valence band 2
(VB2) to conduction band 1 (CB1) at the R-point sensitive to electron cooling in ~ 1 ps,
while PB3 and PB4 are due to transitions between VB1 and CB1 at the M and X-points of
the BZ respectively (Figure 2). While the CB1 involved in PB2 is directly populated upon
3.1 eV excitation, no direct population is involved at the high-symmetry points for PB3 and
PB4. This is clearly visible from the sensitivity of PB2 to carrier cooling on the one hand



EPJ Web of Conferences 205, 05020 (2019)

UP 2018

https://doi.org/10.1051/epjcont/201920505020

while both PB3 and PB4 undergo a prompt rise and decay. Instead, the observed transient
optical non-linearities of PB3 and PB4 are due to Coulomb screening, explaining the red
shift of PB3 over ~ 1 ps (Figure 1a). The transitions involved in PB3 and PB4 are mainly
excitonic, in agreement with the retrieved excitonic phase factors [10] and recent
temperature dependent ellipsometry measurements [15].
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Fig. 2. Schematic band diagram with the expected assigned photobleached transitions in MAPbBr;3
following 3.1 eV excitation.
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