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Table S1. Parameter used in simulation. Taken from' and measured in our group. If a
parameter is stated only for one material the parameter has been assumed to be the same in
perovskite (bulk) and PCg;BM (quencher).

parameter value
bandgap perovskite E}, 1.6 eV
bandgap PCe1BM E, 4 1.75eV
electron affinity perovskite Egp 4 eV
electron affinity PCs1BM Egy 4.2 eV
thickness perovskite dy, 300 nm
thickness PCs:BM d 100 nm
relative permittivity perovskite ¢}, 30
relative permittivity PCs:BM & ¢ 3.9

radiative recombination coefficient k.,q4  4.78 X 107! cm3s~?!

Auger recombination coefficient Cy,g 4.4 x 1072 cm®s~!
SRH lifetime electrons Tsgy, 511 ns

SRH lifetime holes tsgyp 871ns

doping density Np, s undoped
effective density of states Ny, 2.22 X 108 cm3
effective density of states N 2.22 x 1018 cm?
mobility p 20 cm?V~1s™t
temperature T 300 K

laser pulse width 1ns

laser power 1-10000 W/cm2
laser wavelength A 496 nm
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Figure S1. Shape of the laser pulse used in the simulations. Delay time is always defined as
the time passed since the end of the laser pulse.

Calculating the reabsorption
The density of photons emitted at each location is given by the radiative recombination rate

R4 (x) The photon density per photon energy A(x, E) can be calculated with the Equation?

_ Rrad@a(E)NE(E)dpg (E)
A E) = Jy? a(E)n(E)ppp(E)dE (S1)

with a the absorption coefficient, n,. the refractive index and ¢gg the black body spectrum.
The photon flux per photon energy at the front interface is calculated from A(x, E) by

integrating over the thickness of the perovskite layer W and assuming Lambert-Beer

absorption.
$(E) = [\ Ax, E)e B3 dx (S2)

The PL photon flux is then calculated by integrating over energy and normalizing it.
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Figure S2. Refractive index n and extinction coefficient x used for reabsorption calculations
and in the simulations for the calculation of generation via the transfer matrix method. We the
obtained optical data by modeling transmission and reflection data, gained by UV/VIS
spectrometry, with the software SCOUT.
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Figure S3. Lifetimes for the case S = 100 cm/s and E_ = 1 nJ/cm2 The differential
lifetime 7py, is displayed in Figure 2a as well. We calculated the transfer lifetime t, with the
equation 7, = n,d,q /] here is m, the average electron density in the bulk (perovskite) and g
the elemental charge and the transfer current j; can be calculated with Equation 1. The
interfacial-recombination lifetime 7; has been calculated with the equation t; = 2 p,d},/Rint
here is p, the average hole density in the bulk R;,. is the interface-recombination rate
(Equation 2). 7, fits very well to 7py, at short times where transfer dominates and t; fits well
at longer times where the interfacial recombination dominates.
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Figure S4. Electron density as a function of laser flux shortly (t = 68 ps) after the laser pulse.

100 nJ/cm? for the high E}, case in Figure 1c. 1 nJ/cm? and 1000 nJ/cm? for the cases in Figure

2b and 2d, respectively. 77 nJ/cm2 , 780 nJ/cm2 and 10000 nJ/cm? for the same case as in

Figure 3c and 3d. The electrons can transfer during the laser pulse (-1 ns<t<0 ns). and

therefore accumulation can be seen at high fluences already at short times.
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Figure S5. PL photon flux for varied interfacial recombination velocities and two laser
fluences (a) 1 nJ/cm? (b) 1000 nJ/cm2. We calculated the differential lifetimes in Figure 2a
and 2c are from the data displayed here.
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Figure S6. Differential lifetime calculated with Equation 4 from the data plotted in Figure 3a

We fitted the arbitrary fit function 7py () = (at + b)/(t + c¢) to the differential lifetime.

We calculated the fit in Figure 3a from 7p g (t) with the inverse of Equation 4: @py g (t) =

exp (fot —1/7pLfit dt)-

differential lifetime z,, (ns)
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Figure S7. Influence of higher order recombination on PL transient at high laser fluence. The
differential lifetime 7py, in (a) and (b) are the same as in Figure 3d for the 780nJ/cm? and the
10000nJ/cm? case, respectively. In the 780nJ/cm? case the differential lifetime is dominated
by the transfer/interfacial lifetime trg while in the 10000 nJ/cm? case both the bulk lifetime
and the transfer have an impact on the resulting differential lifetime. Note that the g The
bulk lifetime ty, is calculated with Equation S3-S6 from the bulk recombination rate Ry,. The
transfer/interfacial lifetime 7 5 is calculated with Equation S7-S9.

Ry = Y+ Kyoo Tl P + Caug (T + Pp)T P (S3)

MpTSRH,p+ PbTSRH,n
with ny and py, the average charge carrier density in the bulk. We estimate an equivalent
lifetime for electrons and holes in the bulk with
Ton = Mpdp /Ry (S4)
Tb,p = Podp/Rp (S5)
and calculate the effective bulk lifetime with




R (S6)
Tp Tb,n Tb,p
Analogous we calculate from the transfer currents Jr , and Jr,;, (for holes ) from the interfacial

recombination velocity a the transfer/surface lifetime 71 g

Trsn = 4 Mpdp/(—J1,0) (S7)
Trsp = Podb/Urp/q + Rs) (S8)
LS I (S9)

TS TTsn  TTSp

We calculate the plotted effective lifetime from the bulk and the transfer/interfacial lifetime
with

=t (S10)

Teff b s,T
Calculating the error

We calculated the error for Figure 4 with the equation

2
e = Z?i1(ln(TPL,v,i) - ln(TPL,r,i)) (S11)
with m the number of simulation points, 7p;,; the differential lifetime at a certain

measurement point calculated from the varied parameters and 7p..; the reference

differential lifetime the same measurement point.
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