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Figure S1. Top-view SEM images of the a) pristine perovskite and b) BiTel-incorporating perovskite produced
with a BiTel flakes concentration in the perovskite precursor solution of 0.05 mg mL-'.
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Figure S2. EQE spectrum and its first derivative measured for the PSC based on the BiTel-incorporating
perovskite produced with a BiTel flakes concentration in the perovskite precursor solution of the 0.05 mg mL".
The minimum of the first derivative corresponds to the photovoltaic device bandgap of the perovskite.
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Figure S3. Ambient photoemission spectroscopy spectra measured for a) the pristine perovskite, and the BiTel-
incorporating perovskite produced with a BiTel flakes concentration in the perovskite precursor solution of b)

0.008 mg mL-, ¢) 0.015 mg mL-, d) 0.05 mg mL-, ¢) 0.08 mg mL., and f) 0.1 mg mL-\. The spectra have been used

to estimate the VB maximum energy levels of the investigated perovskites.
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Figure S4. WF measurements for a) measured for a) the pristine perovskite, and the BiTel-incorporating

perovskites produced with a BiTel flakes concentration in the perovskite precursor solution of b) 0.008 mg mL-!, ¢)

0.015 mg ml', d) 0.05 mg mL-, ¢) 0.08 mg mL-!, and f) 0.1 mg mL-,
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Figure S5. Simulation of the charge carrier generation rate across the device. The charge carrier generation rate in
the perovskite increases near the perovskite/PTAA interface, while it is suppressed near the perovskite/PCBM
interface. The generation rate is the same for the pristine and BiTel incorporating devices.

Table S1. Materials properties of PTAA, perovskite, and PCBM used in the device simulations.

Parameter PTAA Perovskite PCBM

Bandgap (eV) 3.0 1.58 2

Electron Affinity 2.4 3.85-4.1 3.9

Dielectric permittivity 3.5 70 3

Thickness (nm) 10 400 30

CB/VB effective density of | 1x10%° 1.5x10"8 1x10%°

states (cm?)

Thermal velocity e/h* 1x107 1x107 1x107

Electron mobility (cm?V-'s!) | 1.5x10* 10 5x1072

Hole mobility (cm?V-!'s!) 1.5x10* 10 5x1072

Shallow donor density (cm3) | 0 1x10"3 1x10'3

Shallow acceptor density 1x10" 1x1013 0

(cm”)

Radiative recombination 0 3x10°1 0

coefficient

Absorption sqrt(hv-E,) law, a;=1x10%, | From [1] sqrt(hv-E,) law, a)=1x10,
b'=1x10-12 b'=1x10-12

Table S2. Properties related to defects in PTAA, perovskite, PCBM, and interfaces used in device simulations.

PTAA Perovskite PCBM Perovskite/PTAA Perovskite/PCBM
Defect type Neutral Neutral Neutral Neutral Neutral
capture cross 5x10°14 1x1014 5x10°14 1x10-1° 1x10-1°
section electrons
and holes (cm?)
Energetic Gauss Gauss Gauss Gauss Gauss
Distribution
characteristic 0.1 0.1 0.1 0.1 0.1




energy (eV)
Defect Energy 0 above Ei 0 above Ei 0 above Ei 0 above Ei 0 above Ei
Position (eV)
Defect density 2x1015 3x10™4 2x101 2x10™ 1x10"
(cm”)
Lifetime (ns) 1 33 1
Diffusion Length | 6.2x10* 0.93 1.1x107
(pm)
Surface 0 0 0 200 1000
recombination
velocity (cms™!)
Table S3. Properties of contacts used in device simulation.
Parameter ITO Ag Device
Thermionic emission e/h* (cm s~ | 1x107 1x107
1
)
Majority carrier barrier height 0.1 0.1
relative to the Er (eV)
Light Transmission 0.85
Light Reflection 0.50
Series Resistance (Qcm?) 1*

* The simulation of devices based on BiTel-incorporating perovskite resulted in FF values over 84%. To suppress FF
close to the experimental values, we considered the addition of a series resistance of 1 Q cm? for simulating the d devices
based on the BiTel-incorporating perovskites.

The input parameters for the simulations were acquired from experimental results and the literature [2]-[7].
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