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Parameter FTO Ti02 SnO2 7Zn02 CH3NH3SnI3 Cu20
Thickness (nm) 500 50 50 50 400 50
Bandgap energy Eg (ev 34 3.2 3.5 33 1.3 2.17
Electron affinity ¥ (ev) 4.5 4.1 4.0 4.0 4.17 3.2
Relative permittivity € 9.1 9.0 9.0 9.0 6.5 7.5
Effective conductionbarl 1,1 x 10%| 2.2 x 108 2.2 x 1018 2.0 x 1018 1.0 x 1018 2.0 x 1018
density CB (1/cm?)
Effective valence band 1.1 x 10'°| 1.8x10*°| 1.8x10'°| 1.8x 10%° 1.0 x 1018 1.8x10'
density VB (1/cm?)
Electron thermal velocitt 1 x 1097 1 x 1097 1 x 10°7 1 x 1097 1 x 1097 1x 1097
(cm/s)
Hole thermal velocity 1 x 1097 1 x 1097 1 x 1097 1 x 10%7 1 x 10%7 1 x 1097
(cm/s)
Electron mobility 20 0.05 100 100 2000 20
un(cm?/Vs)
Hole mobility up(cm? 10 0.05 25 25 300 80
Vs)
Shallow uniform donoy 1.1 x 1019 1.0 x 1018 1.0 x 1017 1.0 x 1018 0.0 0.0
density ND (1/cm3)
Shallow uniform accept 0 0 0 0 3.0 x 107 2.0 x 101°
density NA (1/cm?®)




i) 8lia g Jalas

S Jaadll

Defect type / Neutral Neutral Neutral Neutral Neutral
Capture cross section ho / 1x 10715 1x 10715 1x 10715 1x 10715 1x 10715
(cm?)
Capture cross section / 1x 10715 1x 10715 1x 10715 1x 10715 1x 10715
electrons (¢cm?)
Energetic distribution / single single single Gaussian Single
Reference for defect / Above Ev Above Ev Above Ev Above Ev Above Ev
energy level Et
Energy level with respe 0.600 0.600 0.600 0.600 0.600
to Reference (eV)
Defect density Nt (1/ / 1.0x 10| 1.0x 10| 1.0x10%° 2.0 x 101° 1.0 x 10**
cm?®) uniform
Jsaall & miage 8 LS SCAPS zebip Jals skl (o 2aldll o gaal) o JA0) 23 LS -
.l
sl il G Aaldll 7 shaudl e 3(2-TIT)J g
Interlayer HTL(Cu20)/CH3NH3Snl3 CH3NH3SnI3/ETL(TiO2,Sn02,Zn0] ETL(TiO2,Sn02,Zn0O)
TO
Defect type Neutral Neutral Neutral
Capture cross 1x 10729 1x 1071 1x1071
section hole (cm]
Capture cross 1x 1072 1x 1071 1x1071
section electrons
(cm?)
Energetic Single Single Single
distribution
Reference for | Above the highest Ev Above the highest Ev Above the highe
defect energy lev E
Et v
Energy with respg 0.600 0.600 0.600
to reference (eV
Total density 1 x 1010 1% 1010 1 x 1010
(integrated over a
energies) (1/cm]
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Layers
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Cu?0 Interfaces
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CH3NH3SnI3
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Tio2
TiO2 /FTO

FTO
add layer —I
right contact (front) ‘
t ot

Info on graded parameters only available after a calculation

numerical settings I
Problem file

c\Program Files (x86)\Scaps3309\defy
CH3NH3SnI3-TiO2 def
last saved: 6-5-2026 at 20:15:56

illuminated from

right
left

apply voltage Vo : current reference as a:

- m} =

= weanoe I Genra:
right contact generator Invert the structure

Remarks (edit here)

lastsaved by SCAPS: 06-05-2026 at 20:15:56

Comments (to be) included in the deffile
Can be edited by the user

SCAPS 3.3.09 ELIS-UGent Version scaps3309.exe. dated 18-12-2020, 16:03:28 Problem !

n

new ] Ioad

save ]

cancel l
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Band Diagram EC.EV EFp EFn H
] Curve info
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4 plot/legend
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] save data ‘
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[SCAF'S2S nd.earlier]
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Problem file: c\Program Files (x86)\Scaps3309\defiCH3INH3SnI3-Ti02 def \
lastsaved:6-5-2026 at20:15:56.
simulation done on: 26-5-2026 at 8:53:38
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Abstract:

This study presents a simulation of perovskite solar cell performance using SCAPS-1D software,
focusing on the effect of different electron transport layers (TiO2, ZnO, and SnO2), as well as the
influence of thickness and temperature on cell performance.

The results show that all materials exhibit good performance, with SnO2 achieving the highest
efficiency of about 25.9%. ZnO recorded the best fill factor, while TiO2 showed stable and acceptable
behavior.

The study also indicates that performance varies with both thickness and temperature, with optimal
results obtained at 300 K and different optimal thicknesses for each material.

These findings highlight the importance of numerical simulation in optimizing solar cell design
before experimental implementation.

Keywords: Solar cells, perovskite, SCAPS-1D, electron transport layer, efficiency, thickness,
temperature.

Résumeé:

Cette étude présente une simulation des performances des cellules solaires a pérovskite a 1’aide du
logiciel SCAPS-1D, en se concentrant sur ’effet de différentes couches de transport d’¢lectrons
(Ti02, ZnO et Sn0O2), ainsi que sur l'influence de 1’épaisseur et de la température sur les
performances de la cellule.

Les résultats montrent que tous les matériaux étudiés présentent de bonnes performances, avec une
efficacité maximale d’environ 25,9 % obtenue pour SnO2. ZnO présente le meilleur facteur de
remplissage, tandis que TiO2 montre un comportement stable et acceptable.

L’¢tude indique également que les performances varient en fonction de [’épaisseur et de la
température, avec des résultats optimaux obtenus a 300 K et des épaisseurs optimales différentes
selon chaque matériau.

Ces résultats soulignent I’importance de la simulation numérique pour optimiser la conception des
cellules solaires avant leur réalisation expérimentale.

Mots-clés : Cellules solaires, pérovskite, SCAPS-1D, couche de transport d’électrons, rendement,

¢épaisseur, température.



