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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(x, t) Electron concentration m−3

p(x, t) Hole concentration m−3

P (x, t) Iodide ion vacancy density m−3

ϕ(x, t) Electric potential V
jn(x, t) Electron current density Am−2

jp(x, t) Hole current density Am−2

FP (x, t) Iodide ion vacancy flux m2s−1

E(x, t) Electric field Vm−1

V (t) Applied voltage V
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
ϕdisp Dimensionless electric potential offset
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Table 3 Table of input parameters, in which the abbreviation DoS denotes the density of states.

Symbol Description Unit

ε0 Permittivity of free space Fm−1

q Elementary charge C
Fph Incident photon flux at 1 Sun m−2s−1

kB Boltzmann constant eVK−1

T Temperature K
Is Intensity of incident light Suns

Perovskite Properties
α Absorption coefficient m−1

b Width nm
εA Permittivity ε0
Dn Electron diffusion coefficient m2s−1

Dp Hole diffusion coefficient m2s−1

EC Conduction band minimum eV
EV Valence band maximum eV
gc Conduction band effective DoS m−3

gv Valence band effective DoS m−3

DI Iodide ion vacancy diffusion coefficient m2s−1

N̂0 Mean density of ion vacancies m−3

β Bimolecular rate constant m3s−1

τn Electron SRH pseudo-lifetime s
τp Hole SRH pseudo-lifetime s

Interface Properties (interface indicated by superscript)
βE,H Bimolecular rate constant m3s−1

νE,H
n Electron recombination velocity towards interface ms−1

νE,H
p Hole recombination velocity towards interface ms−1

ETL Properties
bE Width nm
dE Effective doping density m−3

DE Electron diffusion coefficient m2s−1

εE Permittivity ε0
EE

c Conduction band reference energy eV
gEc Conduction band effective DoS m−3

HTL Properties
bH Width nm
dH Effective doping density m−3

DH Hole diffusion coefficient m2s−1

εH Permittivity ε0
EH

v Valence band reference energy eV
gHv 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

SE ETL statistical integral exp dimensionless
SH HTL statistical integral exp dimensionless
Ect Cathode workfunction EE

f eV

Ean Anode workfunction EH
f eV

An Electron-dominated Auger recombination rate 0 m6s−1

Ap Hole-dominated Auger recombination rate 0 m6s−1

Rs External series resistance 0 Ω
Rp Shunt/parallel resistance Inf Ω
A Cell area 1 cm2

EE
f = −WE ETL work function (overrides dE) EE

c + VTS−1
E

(
dE/gEc

)
eV

EH
f = −WH HTL work function (overrides dH) EH

v − VTS−1
H

(
dH/gHv

)
eV
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Table 5 Table of computed properties.

Symbol Description Unit

EfE (or dE) Fermi level in the ETL (or ETL effective doping density) eV (or m−3)
EfH (or dH) Fermi level in the HTL (or HTL effective doping density) eV (or m−3)
LD Perovskite Debye length nm
G(x, t) Photo-generation rate m−3s−1

G0 Typical generation rate m−3s−1

kE Typical electron ratio across ETL interface -
kH Typical hole ratio across HTL interface -
n0 Typical electron concentration in perovskite (kEdE) m−3

p0 Typical hole concentration in perovskite (kHdH) m−3

R(x, t) Bulk recombination rate m−3s−1

Rl(t) ETL/perovskite interface recombination flux m−2s−1

Rr(t) Perovskite/HTL interface recombination flux m−2s−1

τion Characteristic timescale s
Vbi Built-in voltage V
VT Thermal voltage V
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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
εp Permittivity 24.1 ε0 [1]
α Absorption coefficient 1.3× 107 m−1 [6]
gc Conduction band effective DoS 8.1×1024 m−3 [1]
gv Valence band effective DoS 5.8× 1024 m−3 [1]
Ec Conduction band edge -3.7 eV [10]
Ev Valence band edge -5.4 eV [10]
Dn Electron diffusivity 1.7×10−4 m2s−1 [11]
Dp Hole diffusivity 1.7×10−4 m2s−1 [11]
N0 Mean anion vacancy density 1.6× 1025 m−3 [4]
DP Anion vacancy diffusivity 1×10−17 m2s−1

ETL (TiO2)

gEc Conduction band effective DoS 2× 1023 m−3 [7]
dE Effective doping density 2×1022 m−3

DE Electron diffusivity 1.3× 10−5 m2s−1 [12]
εE Permittivity 10 ε0
bE ETL width 100 nm
EE

c Conduction band edge -4.13 eV [2]

HTL (spiro-MeOTAD)

gHv Valence band effective DoS 1× 1026 m−3 [8]
dH Effective doping density 1× 1025 eV
DH Hole diffusivity 1× 10−6 m2s−1 [12]
εH Permittivity 3 ε0
bH HTL width 200 nm
EH

v 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 TiO2 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
β Bi-molecular rate constant 1.5×10−14 m3s−1

τp Hole SRH psuedo-lifetime 3×10−7 s
τn Electron SRH psuedo-lifetime 3×10−7 s
An Electron Auger coefficient 0 m6s−1

Ap Hole Auger coefficient 0 m6s−1

ETL/perovskite interface
νEp Hole recombination velocity 10 ms−1

νEn Electron recombination velocity 105 ms−1

βE Bi-molecular rate constant 0 m4s−1

HTL/perovskite interface
νHp Hole recombination velocity 105 ms−1

νHn Electron recombination velocity 0.1 ms−1

βH Bi-molecular rate constant 0 m4s−1

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

5



References

1. F. Brivio, K. T. Butler, A. Walsh, and M. Van Schilfgaarde, Relativistic quasiparticle self-consistent electronic
structure of hybrid halide perovskite photovoltaic absorbers, Physical Review B, 89 (2014).

2. M. M. Byranvand, T. Kim, S. Song, G. Kang, S. U. Ryu, et al., p-type CuI islands on TiO2 electron transport layer for
a highly efficient planar-perovskite solar cell with negligible hysteresis, Advanced Energy Materials, 8 (2018), p. 1702235.

3. W.-J. Chi, Q.-S. Li, and Z.-S. Li, Exploring the electrochemical properties of hole transport materials with spiro-cores for
efficient perovskite solar cells from first-principles, Nanoscale, 8 (2016), pp. 6146–6154.

4. M. H. Futscher, J. M. Lee, L. McGovern, L. A. Muscarella, T. Wang, et al., Quantification of ion migration in
CH3NH3PbI3 perovskite solar cells by transient capacitance measurements, Materials Horizons, 6 (2019), pp. 1497–1503.

5. J. Kirkpatrick and J. Nelson, Theoretical study of the transfer integral and density of states in spiro-linked tripheny-
lamine derivatives, The Journal of Chemical Physics, 123 (2005), p. 084703.

6. P. Löper, M. Stuckelberger, B. Niesen, J. Werner, M. Filipič, et al., Complex refractive index spectra of
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