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Figure S1. Degradation pathways of simulated mechanisms in Jsc/Voc and FF/Voc planes (squares and dotted lines). Shaded areas show the
trends depicted in Table 1. Blue correspond to the decomposition of perovskite material, orange to the reaction with metal electrodes,

green to the thermal instability of HTL, red to the oxidation of HTL, and black to the photocatalytic effect of ETL.



Table S1. Definition of devices reproduced through reported initial performances and materials. Material parameters reported here are

taken from literature, others in the ranges defined in Table S2.

Source for perovskite solar cell Peng et al.* Lietal.? Chen et al.? Lim et al.*

MPP Voc 40 °C 55°C 70°C
Voc (V) 1.18 1.079 1.092 1.09 1.027 1.012 1.042
Jsc (mA.cm-2) 19.41 22.77 22.89 15.65 22.29 23.34 23.16
FF (%) 78.0 76.31 77.12 72.0 59.77 62.39 57.39
Structure nip nip pin nip

Perovskite material

Cs0.0sFA0.8sMA0,07Pbl2.56

FA0.9Cs0.1Pbl3

Cso.7FA03Pbl2Br

FA0.95sMA0.05Pbl2.85Bro.15

Bro.aa
Bandgap (eV) 1.62% 1.51° 1.823 1.62°
Electron affinity (eV) 3.9! 3.95° 3.923 3.836
Relative permittivity 64! 641 641 64!
CB effective density of states (eV) 1.00E+19! 1.00E+19? 1.00E+19? 1.00E+19!
VB effective density of states (eV) 1.00E+19! 1.00E+19? 1.00E+19? 1.00E+19!
HTL material spiro-OMeTAD spiro-OMeTAD / PTAA NiOx spiro-OMeTAD
Bandgap (eV) 37 2.98 3.648 37
Electron affinity (eV) 2.27 2.22° 1.858 2.27
Relative permittivity 37 37 11.758 37
CB effective density of states (eV) 1.00E+207 2.00E+18° 2.50E+208 1.00E+207
VB effective density of states (eV) 1.00E+207 1.00E+207 2.50E+20% 1.00E+207
ETL material TiO2 Sn02 C60 Sn02
Bandgap (eV) 3.2%10 3.51 1.7%° 3.51
Electron affinity (eV) 3.910 41 3.91° 411
Relative permittivity gt 91t 4.2 9it
CB effective density of states (eV) 1.00E+19%° 2.20E+17% 8.00E+19%° 2.20E+17%
VB effective density of states (eV) 1.00E+19%° 2.20E+17% 8.00E+19% 2.20E+17%

Table S2. Material parameters defined through randomized procedure and authorized ranges established from literature.

Minimum value

Maximum value

HTL hole mobility (cm2.V-1.s-1)
HTL acceptor density (cm-3)
HTL/pvk interface defects (cm-2)
Pvk electron mobility (cm2.V-1.s-1)
Pvk hole mobility (cm2.V-1.s-1)
Pvk defect density (cm-3)

ETL/pvk interface defects (cm-2)
ETL electron mobility (cm2.V-1.s-1)

ETL donor density (cm-3)

1.00E-02
1.00E+15
1.00E+10
1.00E-01
1.00E-01
1.00E+10
1.00E+10
1.00E-02
1.00E+16

1.00E+00
2.00E+18
1.00E+18
1.00E+01
1.00E+01
1.00E+18
1.00E+18
1.00E+00
1.00E+19




Genetic algorithm to reproduce initial JV performances of a given solar cell

Along the whole procedure, material parameters defined in Table S1 are considered as known, and parameters listed in Table S2 are varied

to match Voc Jsc and FF values experimentally measured. Six steps are implemented to obtain a sufficiently large set of simulations

reproducing sufficiently closely the experimental values :

1.

Random generation: Material parameters are randomly picked in the ranges defined in Table S2. A log-uniform distribution is
used. For each device studied here, 2000 sets and associated drift diffusion simulations are performed.

Selection: JV curves having Voc, Jsc and FF values within +- 5% range are selected. Table S3 reports the number of selected sets
for each studied device.

Mutation: Varied material parameters from the sets previously selected are modified. To do so, they are multiplied by a
coefficient randomly picked between 1/5 and 5. Here a log-uniform distribution is also used. For each device studied here, 750
sets are generated, and associated drift diffusion simulations are performed.

Selection: JV curves having Voc, Jsc and FF values within +- 3% range are selected. Table S3 reports the number of selected sets
for each studied device.

Mutation: The same procedure as in step three is used. Here material parameters are modified by a ratio between 1/2 and 2.
Selection: JV curves having Voc, Jsc and FF values within +- 2% range are selected. Table S3 reports the number of selected sets

for each studied device.

Table S3. Number of selected sets at each step in the genetic algorithm procedure.

Selected sets in second step (+- Selected sets in fourth step (+- Selected sets in sixth step (+-
5% error) 3% error) 2% error

Peng et al. (spiro-OMeTAD HTL) 39 41 98

Peng et al. (P3HT:CuPc HTL) 83 108 108

Li et al. (MPP) 41 14 104

Li et al. (Voc) 65 18 125

Chenetal. 47 56 107

Lim et al. (40 °C) 36 23 101

Lim et al. (55 °C) 32 37 109

Lim et al. (70 °C) 14 45 49

Lim et al. (40 °C — second part) 16 25 72

Lim et al. (55 °C — second part) 14 13 74

Lim et al. (70 °C — second part) 10 10 87
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Figure S2. Statistics of Voc, Jsc and FF associated to material parameters sets obtained along selection procedure. Primary sets are the first
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Figure S3. Statistics of interface or bulk defect densities, and carrier mobilities in perovskite layer in the group obtained after the final

selection step. This final group reproduces experimental performances, with a statistical approach.



Peng et al.

20

o

Current (mA.cm-2)
B

0.6 0.8 1 1.2
Voltage (V)

Li et al. (left: MPP, right : Voc)

25

201

157

o

Current (mA.cm-2)
Current (mA.cm-2)

o- — = L
0 0.2 0.4 06 0.8 1 0 0.2 04 0.6 08 1 12
Voltage (V) Voltage (V)

Chen et al.

Current (mA.cm-2)

Lim et al. (left 40°C, middle : 55 °C, right: 70 °C)

25 25

20 2 20
g § g

g 15 §15 g 15
z = z

g g g"
5 < E
o o o

o
o

0

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 086 0.8 1
Voltage (V) Voltage (V) Voltage (V)

0

Figure S4. JV curves reproducing initial performances of studied devices. Box displays the number of sets / JV curves.



Decrease of hole mobility in HTL
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Decrease of hole mobility in perovskite
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Figure S5. Evolution of Voc, Jsc and FF for implemented degradation mechanisms. The response of each material parameters set is
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allows to compute an average behavior (red line) and 95 % confidence interval (shaded area).
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Lim et al. (top: 40 °C, middle: 55 °C, bottom: 70 °C)
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Lim et al. (top: 40 °C, middle: 55 °C, bottom: 70 °C)
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Table S4. Definition of devices studied by Peng et al. with P3HT:CuPc HTL, reproduced through reported initial performances and materials.

Material parameters reported here are taken from literature, others in the ranged defined in Table S2.

Source for perovskite solar cell Peng et al.
Voc (V) 1.19

Jsc (mA.cm-2) 19.80

FF (%) 81.0
Structure nip

Perovskite material

Bandgap (eV)

Cs0.05FA0.8sMA0.07Pbl2.56Bro.4a
1.621

Electron affinity (eV) 3.9!
Relative permittivity 64!

CB effective density of states (eV)  1.00E+19*
VB effective density of states (eV)  1.00E+19*
HTL material P3HT:CuPc
Bandgap (eV) 2.2t
Electron affinity (eV) 3.1!
Relative permittivity 3t

CB effective density of states (eV)  1.00E+20*
VB effective density of states (eV)  1.00E+20*!
ETL material TiO2
Bandgap (eV) 3.2%0
Electron affinity (eV) 3.9%
Relative permittivity gto

CB effective density of states (eV)  1.00E+19%°
CB effective density of states (eV)  1.00E+19%°
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Figure S8. JV curves reproducing initial performances of device studied by Peng et al. with P3HT:CuPc HTL
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Figure S9. Top: Degradation pathways of simulated mechanisms in Jsc/Voc, FF/Voc and FF/Jsc planes for devices studied by Peng et al. with

P3HT:CuPc HTL. Average value is represented with squares and dashed lines, shaded areas represent the 95 % confidence interval. Bottom:

Experimental data is superposed, perovskite devices (with P3HT:CuPc HTL) were aged dark, at 85 °C and 85 % RH.
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Lim et al. (top: 40 °C, middle: 55 °C, bottom: 70 °C)
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Figure S10. First part of experimental degradation pathways from results published by Lim et al. Associated simulated pathways are
superposed (down triangles and dashed lines for causes identified by authors, up triangles and dotted lines for others). Top: 40 °C, middle:

55 °C, bottom: 70 °C.
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Table S5. Definition of hypothetical devices used to study the second degradation step of results reported by Lim et al. They are defined
through performances reached at the end of the first degradation step. Material parameters reported here are taken from literature,

others in the ranged defined in Table S2.

Source for perovskite solar cell Lim et al.

40°C 55°C 70°C

Voc (V) 1.059 1.047 1.065
Jsc (mA.cm-2) 23.23 22.7 22.87
FF (%) 52.44 54.07 47.95
Structure nip

Perovskite material FA0.95sMAo.05Pbl2.85Bro.15
Bandgap (eV) 1.625

Electron affinity (eV) 3.83°¢

Relative permittivity 641

CB effective density of states (eV)  1.00E+19*
VB effective density of states (eV)  1.00E+19!

HTL material spiro-OMeTAD
Bandgap (eV) 37

Electron affinity (eV) 2.27

Relative permittivity 37

CB effective density of states (eV)  1.00E+207
VB effective density of states (eV)  1.00E+207

ETL material Sn02
Bandgap (eV) 3.51
Electron affinity (eV) 41
Relative permittivity g

CB effective density of states (eV)  2.20E+17!
VB effective density of states (eV)  2.20E+17*
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Figure S11. JV curves reproducing performances of hypothetical devices used to study the second degradation step of results reported by

Lim et al. Left: 40 °C, middle: 55 °C, right: 70 °C.
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Figure S12. Degradation pathways of simulated mechanisms in Jsc/Voc, FF/Voc and FF/Jsc planes for hypothetical devices used to study the
second degradation step of results reported by Lim et al. Average value is represented with squares and dashed lines, shaded areas

represent the 95 % confidence interval. Second part of experimental degradation is superposed in a second line for each aging condition.
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