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Supplementary Materials: Light-Trapping Electrode for the
Efficiency Enhancement of Bifacial Perovskite Solar Cells

Anna A. Obraztsova L+t

, Daniele

Barettin 2*1({, Aleksandra D. Furasova !

Matthias Auf der Maur 300, Andrea Orsini ? and Sergey V. Makarov 45

Extinction coefficient, k

, Pavel M. Voroshilov 1©®,

s[b)
4
Au
3 —— Spiro-OMeTAD
—— MAPbI3
TiO2
2 — Al
= FTO
CuSCN
1 = Si02
0
400 500 600 700 800

Wavelength (nm)

Figure S1. The complex refractive index of each materials (a) refractive indexes, (b) extinction
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Figure S2. Optical characteristics for light trapping electrode and ITO in comparison: (a) transmit-

tance, (b) reflectance.


https://orcid.org/0000-0002-6855-0274
https://orcid.org/0000-0002-2849-1898
https://orcid.org/0000-0003-0376-1377
https://orcid.org/0000-0002-4039-4513
https://orcid.org/0000-0002-4815-4485
https://orcid.org/0000-0002-9257-6183

S2 of 54

LTE - structure

Reference

Sun light

WA

Spiro-OMeTAD 200 nm

Sun light

WWW

100

S
B o s .
Gain = 11% - Gain =-0.01%
14
16=15° <47 06 =30°
—— Loss in Active layer 83.8% —— Loss in Active layer 74.3%
1 —— Parasitic Loss 14.7% 20 1 —— Parasitic Loss 12.8%
o, 0,
Reflectance 8.5% b) Reflectance 12.8% C)
450 550 650 750 350 450 " 550 650 750
Wavelength (nm) Wavelength (nm)
100

100

0=15°
—— Loss in active layer 75.3%

40{ 8=30°

—— Loss in active layer 74.9%

Wavelength (nm)

—— Parasitic loss 12.8% 201 —— Parasitic loss 12.8%
0, [+)
Reflectance 11.9% e) Reflectance 12.3% f)
450 550 650 750 350 450 550 650 750

Wavelength (nm)

Figure S3. Optical efficiency analysis of monofacial perovskite solar cells under oblique light inci-
dence (calculated for A = 350 — 800 nm). (a) The scheme of light trapping structure for the monofacial
cell and its (b) spectral absorption, transmission, and reflection parameters obtained under an angle
of incidence ® = 15°, (c) calculated spectral absorption, transmission, and reflection of light trapping
structure for the monofacial perovskite solar cell under angle of incidence ® = 30°(d) the scheme of
the considered reference monofacial cell, (e) spectral absorption, transmission, and reflection of the
reference monofacial cell structure under angle of incidence ® = 15° and under ® = 30° (f).
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Figure S4. Optical efficiency analysis of the bifacial perovskite solar cell under light illumination
with spectral range of A = 350 — 800 nm with an angle of incidence ® = 15°. (a) The scheme
of the considered light trapping structure for bifacial perovskite solar cell, (b) calculated spectral
absorption, transmission, and reflection for the front side of light trapping structure for the bifacial
cell, (c) spectral absorption, transmission, and reflection reached from the back side of light trapping
structure of the bifacial cell, (d) the structure of the reference bifacial perovskite solar cell, (e) spectral
absorption, transmission, and reflection for the front side of reference and optical parameters reached
from the back side (f).
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Figure S5. Calculated optical efficiency analysis of bifacial PSCs exposed to light illumination with
A = 350 — 800nm with an angle of incidence ® = 30°. (a) The scheme of the light trapping structure
for the bifacial perovskite solar cell, (b) spectral absorption, transmission, and reflection for the front
side of light trapping structure for the bifacial device, (c) spectral absorption, transmission, and
reflection for the back side of the light trapping structure for the bifacial cell, (d) the scheme of the
reference bifacial cell and its (e) spectral absorption, transmission, and reflection for the front side

and (f) spectral absorption, transmission, and reflection under illumination from the back side.




