Coissl Measurement of Mobility-Lifetime products in MAPDI; films
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Abstract

In this work we analyze the mobility-lifetime products and their light dependencies in MAPDI, films, prepared by the one-step method. Photoconductivity
measurements are used to determine the mobility-lifetime product of the majority carriers, while the Steady-State Photocarrier-Grating (SSPG) technique is used
to determine the diffusion length and thus the mobility-lifetime product of the minority carriers. SSPG is based on the presence of a spatial sinusoidal modulation
in the photogeneration rate G of electronic charge carriers, which induces a so-called photocarrier grating. We find that the obtained ambipolar diffusion lengths
of the MAPDbI, films are highly dependent on the route used for preparing the films. For films prepared using lead acetate we find that the diffusion length is 300-
400 nm, without significant dependence on the light intensity used, while for films prepared using lead chloride precursor, the diffusion length is in the range or
greater than 700 nm.
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Two coherent/incoherent laser beams hit the sample and Oph X G°
create an interference pattern.

By changing the polarization of one of the beams, we can
measure the photoconductivity with (=coherent) and without ] = maPL
(=incoherent) the interference pattern. | y=042
The ratio between the change in photoconductivity in the

two conditions is defined as .

Measurements using different grating periods, A, yield the
diffusion length of the minority carriers, L, using

Balberg plot:

1E_3_""I ' ' L L ' ' L

Photoconductivity [1/Qcm]
=
n
N
|
¥
\
O
\
-2
Il
=
S

2 1 /1 1 1 slope
\J 1-B 7 (A2> (2mLp) VZ b Zn\l intercept 1E-5

120 12 1E22
G [photons/cm’sec]
Oph = qG[(ﬂT)maj T (.UT)min]
2

Mobility-Lifetime product of the Minority Carriers Oph 1107

SSPG measurements qG i V
—T T T T T T T T T T T T T T T T T 8 — T T T T T T T T T T T T T T
1.0+ .:.. §§§§§§§ - - v - . _ ® 100 mW/cm? ] _g sz
e for MAPblI,_,Cl, - (UT)mq;j > 8.1 X 10 -
0.8 L, 2700 nm - . ]

- *(UT).mqi Will probably be lower due to actual lower G
0.6 - - '

Balberg plot For MAPbDI, 5
! — )
0.2 1 -

= MAPbI_CI . . By combining Photoconductivity and Diffusion
1 e MAPbI, - Pb(Ac,) '

o Photoluminescence ' ' length  measurements, we can reliably
06 08 10 12 14 16 18 20 22 24 26 Lifetime results 00 02 04 06 08 10 12 14 16 determine the mobility-lifetime products of the

G t . d, A 1 - I I | | ' | ] A—Z -2 . . . . . .
rating period, A [um] I RO ] majority and minority charge carriers in MAPDbI,

. MAPb, ] films and find them to be in the same order of
' kT magnitude.

LD:3541L46 nm

0.4 -

Conclusions

cm2 é | Lp = |2 ? (ut) We find that SSPG can be a reliable method to

Umin = 0.25 + 0.06 €2z \ determine the ambipolar diffusion length of the
Vsec é cm2 charge carriers in MAPDI; films prepared via

Upper bound for the mobility of T 01- 3 1 (UTD) iy, = 2.9 X 1078 - different preparation methods and find that for
the minority carriers! : " ' HE i the |V|APb|3’ L, = 388%24nm, while for the

. . MAPDbCI I, film, Ly > 700 nm.
5 oo 4503" o0 80 1000 The upper bound for the mobility of the
Time after excitation [ns] minority carriers is found be 0.2-0.3 cm?/Vsec.
y is found to be ~0.5, and preliminary results
show that L, is not dependent on the light
Summary of the results ntensity.

We can explain our results using the generalized

: Odark (MT)min (HT)maj Mmin one-recombination level model.
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