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 Section 1: Additional measurements
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Fig. S1 | Atomic force microscopy (AFM) surface profiles of (a) PEDOT:PSS and (b) PTAA polymers prior to CH3NH3PbI3 perovskite deposition.

Scanning electron microscopy (SEM) photos of the CH3NH3PbI3 perovskite structure grown on (c) PEDOT:PSS and (d) PTAA hole transport lay-

ers and (e) the XRD pattern for all studied architectures. Taken from ref.2, except the XRD pattern for Glass/CH3NH3PbI3 configuration in (e).
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a b

Fig. S2 | Photographs of the shape of a 5 μL de-ionized water droplet on PEDOT:PSS (a) and PTAA (b) polymer substrates that provide the cor-

responding contact angles. Taken from ref.2.
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Fig. S3 | Perovskite/HTL architecture components that used for TAS measurements.
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Fig. S4 | Schematic representation of Newport Transient Absorption Spectrometer (TAS-1) and the cryostat that used for the low tem-
peratures TAS measurements.

Fig. S5 | Janis VPF-100 cryostat, integrated into the TAS setup.
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 Section 2: Temperature-dependent time-resolved absorption spectroscopy

 Section 3: TAS error fitting analysis
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Fig. S6 | Normalized  optical  density  (ΔOD)  vs  delay  time  for  PEDOT:PSS/CH3NH3PbI3 and  PTAA/CH3NH3PbI3 configurations for  the  or-

thorhombic  phase at  (a)  85  K,  (b)  120 K and for  the  tetragonal  phase at  (c)  120 K and (d)  180 K.  Symbols  present  the  transient  band edge

bleach kinetics, while solid lined present the high-order polynomial fitting.
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Table S1 | Fitting analysis at 180 K for PEDOT: PSS/CH3NH3PbI3 configuration. (a) The optimum fitting. (b) y0 and τ1 are fixed. (c) τ2 is
fixed, and (d-f) τ3 is fixed.

(a)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.00858±5.48E-4
14.7±1.95
266±7.85
933±12.60

0.9978

(b)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.009±0
14.7±0

260±2.79
944±9.81
0.9977

(c)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.0065±0.0029
467.2±8.1E5

266±0
540±7.4E5

0.9971

(d)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.0072±0.0025
45.14±3.2
470.9±92.9

500±0
0.9977

(e)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.00838±1.3E-4
14.2±1.81
269±5.10

933±0
0.9978

(f) Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.0059±0.0011
38.82±3.35
573±85.24

1200±0
0.9977

Table S2 | Fitting analysis at 180 K for PTAA/CH3NH3PbI3 configuration. (a) The optimum fitting. (b) y0 and τ1 are fixed. (c) τ2 is fixed,
and (d–f) τ3 is fixed.

(a)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.001287±5.4E-4
5.7±1.95
57±7.85

1839±12.60
0.9978

(b)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.013±0
5.7±0

64±5.54
1827±10.94

0.9972

(c)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot

Adj. R-Square

0.0083±0.0029
519.7±1.3E5

57±0
783±7.4E5

0.9973

(d)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

Adj. R-Square

0.0069±0.0015
45.14±3.2
470.9±92.9

1200±0
0.9976

(e)Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot
y0

1

2

3

y0

1

2

3

y0

1

2

3

Adj. R-Square

0.001289±1.9E-4
5.1±1.81

56.8±3.90
1839±0
0.9978

(f) Model ExpDec3

DeltaOD

y=A1×exp (−x/ 1)+A2×exp (−x/ 2)+
A3×exp (−x/ 3)+y0

Equation

Plot

Adj. R-Square

0.0084±0.0021
129.22±5.91
673±126.91

2500±0
0.9970

Table S3 | Lower and upper limits for time components for PEDOT:PSS/CH3NH3PbI3 architecture.

Lower limit Upper limit
y0 Fixed at 0.009

τ1 (ps) 12.7 16.7

τ2 (ps) 258 274

τ3 (ps) 920 946

Table S4 | Lower and upper limits for time components for PTAA/CH3NH3PbI3 architecture.

Lower limit Upper limit
y0 Fixed at 0.013

τ1 (ps) 3.7 7.7

τ2 (ps) 49 65

τ3 (ps) 1826 1852
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