Noname manuscript No.
(will be inserted by the editor)

Supplementary information for ‘lonMonger 2.0: Software for free, fast and
versatile simulation of current, voltage and impedance response of planar
perovskite solar cells’

Will Clarke - Laurence J. Bennett - Yoana Grudeva - Jamie
M. Foster - Giles Richardson - Nicola E. Courtier

Received: date / Accepted: date

Will Clarke - Laurence Bennett - Giles Richardson
Mathematical Sciences, University of Southampton, UK

Nicola E. Courtier
Engineering Science, University of Oxford, UK

Yoana Grudeva - Jamie M. Foster
Mathematics and Physics, University of Portsmouth, UK

Corresponding author: Will Clarke
E-mail: wc3gl6@soton.ac.uk



1 Tables of symbol definitions
This section contains five tables which contain: 1) the model variables, 2) the computational settings, 3)

the dimensional input parameters, 4) the computed properties, and 5) the dimensionless parameters for the
IonMonger code.

Table 1 Table of model variables.

Symbol Description Unit
n(z,t) Electron concentration m~—3
p(z,t) Hole concentration m—3
P(x,t) Todide ion vacancy density m—3
oz, t) Electric potential A%

3" (z,t) Electron current density Am~—2
jP(z,1) Hole current density Am~—2
FP(z,t) Todide ion vacancy flux m?s~1
E(z,t) Electric field Vm~!
V(t) Applied voltage A%

J(t) Total current density mAcm 2

Table 2 Table of computational settings.

Symbol Description

N Number of subintervals, with N + 1

rtol Relative temporal tolerance for ode15s solver
atol Absolute temporal tolerance for ode15s solver
Pdisp Dimensionless electric potential offset




Table 3 Table of input parameters, in which the abbreviation DoS denotes the density of states.

Symbol Description Unit

€0 Permittivity of free space Fm—!

q Elementary charge C

Fon Incident photon flux at 1 Sun m~2s~1

kp Boltzmann constant eVK—1

T Temperature K

Is Intensity of incident light Suns
Perovskite Properties

a Absorption coefficient m—!

b Width nm

€A Permittivity €0

Dy, Electron diffusion coefficient m?2s—1

Dy Hole diffusion coefficient m?s~!

Ec Conduction band minimum eV

Ey Valence band maximum eV

Je Conduction band effective DoS m~3

Jv Valence band effective DoS m~3

Dy Todide ion vacancy diffusion coefficient m?s~1

]\70 Mean density of ion vacancies m~—3

B Bimolecular rate constant m3s~!

Tn Electron SRH pseudo-lifetime s

TP Hole SRH pseudo-lifetime s
Interface Properties (interface indicated by superscript)

E.H Bimolecular rate constant m3s—1
f H Electron recombination velocity towards interface ms 1

VPE’H Hole recombination velocity towards interface ms~1
ETL Properties

bg Width nm

dg Effective doping density m~3

Dg Electron diffusion coefficient m2s—1

€R Permittivity €0

Ef Conduction band reference energy eV

gF Conduction band effective DoS m~3
HTL Properties

by Width nm

dy Effective doping density m—3

Dy Hole diffusion coefficient m?s~!

EH Permittivity €0

EH Valence band reference energy eV

gl Valence band effective DoS m~3

Table 4 Table of optional input parameters supported with v2.0. If these parameters are omitted, they will be set to their
default values.

Symbol Description Default value Unit

S ETL statistical integral exp dimensionless
Sy HTL statistical integral exp dimensionless
Ect Cathode workfunction E}E eV

Eaon Anode workfunction E;‘I eV

Ap Electron-dominated Auger recombination rate 0 mbs—1

Ap Hole-dominated Auger recombination rate 0 mbs!

Rs External series resistance 0 k0]

R, Shunt/parallel resistance Inf 0

A Cell area 1 cm?

Ej? =-Wg ETL work function (overrides dg) EEF + VTSEI (dE/gCE) eV

E}{ =-Wg HTL work function (overrides dg) EH — VTSI;1 (du/gk) eV




Table 5 Table of computed properties.

Symbol Description Unit

Ey, (or dg) Fermi level in the ETL (or ETL effective doping density) eV (or m—3)

Ey,, (or dg) Fermi level in the HTL (or HTL effective doping density) eV (or m~3)
D Perovskite Debye length nm

G(z,t) Photo-generation rate m~3s~1

Go Typical generation rate m~3s~1

kg Typical electron ratio across ETL interface -

kr Typical hole ratio across HTL interface -

no Typical electron concentration in perovskite (kgdg) m~—3

Po Typical hole concentration in perovskite (kg dgr) m—3

R(z,t) Bulk recombination rate m~3s~1

Ry (t) ETL/perovskite interface recombination flux m~2s7!

R.(t) Perovskite/HTL interface recombination flux m~2s!

Tion Characteristic timescale s

Vi Built-in voltage \%

Vr Thermal voltage v




2 Typical parameter values for a TiO2/MAPI/spiro-MeOTAD cell

Symbol Name Values Unit Ref.
T Temperature 298 K
- Light entering through ETL -
Perovskite (MAPI)
b Perovskite width 400 nm
€p Permittivity 24.1 €0 1]
a Absorption coefficient 1.3 x 107 m~! 6]
ge Conduction band effective DoS ~ 8.1x10%4 m~3 [1]
v Valence band effective DoS 5.8 x 1024 m~3 [1]
E. Conduction band edge -3.7 eV [10]
E, Valence band edge -5.4 eV [10]
D, Electron diffusivity 1.7x10~%  m?2s~! [11]
D, Hole diffusivity 1.7x107%  m2s7!  [11]
No Mean anion vacancy density 1.6 x 102° m~3 [4]
Dp Anion vacancy diffusivity 1x10~17 m?2s~1
ETL (TiO>)
gF Conduction band effective DoS 2 x 10%3 m~—3 7]
dp Effective doping density 2x1022 m~3
Dpg Electron diffusivity 1.3x 1075 m2s! [12]
€E Permittivity 10 €0
bg ETL width 100 nm
EE Conduction band edge -4.13 eV 2]
HTL (spiro-MeOTAD)
gl Valence band effective DoS 1 x 10%8 m~3 8]
dy Effective doping density 1x 102 eV
Dy Hole diffusivity 1x1076  m2s71  [12]
eH Permittivity 3 €0
b HTL width 200 nm
EH Valence band edge -5.1 eV 3]

Table 6 Material parameters representative of a typical TiO2/MAPI/spiro-MeOTAD cell with standard architecture. When
non-Boltzmann statistics are used, the TiOg2 is assumed to have parabolic bands and the spiro-MeOTAD is assumed to have
Gaussian bands with width s = 3.73 [5,9,13].

Symbol Name Values Unit
Perovskite bulk
B Bi-molecular rate constant 1.5x10714  m3s—1
Tp Hole SRH psuedo-lifetime 3x1077
Tn Electron SRH psuedo-lifetime 3x10~7 s
An Electron Auger coefficient 0 mbs—1
Ap Hole Auger coefficient 0 m0s—1
ETL/perovskite interface
VpE Hole recombination velocity 10 ms—!
vE Electron recombination velocity 10° ms~1
BE Bi-molecular rate constant 0 m*s~1
HTL /perovskite interface
1/51 Hole recombination velocity 10° ms~!
vl Electron recombination velocity 0.1 ms~1!
B Bi-molecular rate constant 0 ms—!

Table 7 Recombination parameters for a typical TiO2/MAPI/spiro-MeOTAD cell.
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