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Optical Property

Planck’s law of radiation describes the photon density dn(hw) in a cavity for photon energy
between hw and ho+dhe takes the form?:
dn(hw) =D(ho)f(ho) dho

Here D(ho) is the density of the states which the photons can occupy, and f(ho) is the distribution
function which determines the distribution of photons over the states as a function of the energy
hw. Photons are particles of light, and the fact that we can describe light as an electromagnetic
wave is in no way contradictory. Thus the photon density is comprised of optical electric-field
distribution and density. According to the studies about the optical modelling of organic solar cell
device reported by Persson et al’* and Hoppe et al’, The multilayer of device is treated as a one-
dimensional system in which the optical electric field amplitude is calculated as a function of
position inside the device starting from the glass—ITO interface. The square of the field strength of
electromagnetic wave describes the location of the photons. And the total electric field at an
arbitrary position inside layer can be calculated coherently. The optical electric field generates
excitons within the solar cell active region. thus the light harvesting which contributes to exciton
generation is closely related to the optical electric field distribution and intensity within the PeSC

devices®.



Table S1 The obtained Rs ans Rsh for PeSCs with HTLs of P3HT and Spiro.
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P3HT HTL 1 2 3 4 5 6 7 8§ 9 10
Rs ({2'cm?) 10.12 10.05 9.56 9.21 9.63 10.25 10.06 10.29 1035 9.19
Rsh(€) cm?) 80882 | 801.21 | 81115 | 81569 | 81274 | 82063 | 80562 | 79836 | 79961 | 81528
11 12 13 14 15 16 17 18 19 20
Rs (€2 em?) 9.89 9.86 10.11 10.03 9.96 10.23 1042 10.35 9.94 10.26
Rsh(€x cm?) 80269 | 814.56 | 79523 | 79895 | 797.58 | 81524 | 80591 | 80005 | 82161 | 81625
SPiro HTL 1 2 3 4 5 6 7 8 9 10
Rs (2 em? 421 4.11 396 385 4.05 4.25 389 438 461 381
Rsh(€ cm?) 163521 | 163012 | 163251 | 1642.62 | 1640.25 | 162036 | 1652.56 | 164231 | 163895 | 1629.01
11 12 13 14 15 16 17 18 19 20
Rs ({2'cm?) 491 446 442 3.75 3.82 4.12 4.01 4.26 4.01 475
Rsh(€2cm?) 162563 | 163452 | 1642.35 | 163596 | 164563 | 164825 | 1654.25 | 1629.21 | 1624.52 | 1638.57
¢
@ 65 1ox10* (®) 30 010 920
40.08
1.60 2.5
10.06
1 50x10°  nggl kK n 1sd /;
1,55 2.0 Jo.04 o
1.50- 1.54 10-02
0.0 410.00 \\
1.454— T T T T r T 0-+— T T T 1.0+— T r T T T T
300 400 500 600 700 800 900 300 400 500 600 700 800 900 300 400 500 600 700 800 900
Wavelength(nm) Wavelength (nm) Wavelength(nm)
@ 5, 20 (©) 30 10 0 ,,
2.5 l1.5 2.5
n 2ol l1.0K " 2.04 n
1.54 0.5 1.54
0.0 1.0 —— r T T T v
300 400 500 600 700 800 900

1.0~ T r T T r T
300 400 500 600 700 800 900

Wavelength (nm)

Wavelength (nm)

300 400 500 600 700 800 900
Wavelength (nm)

Fig. S1 Complex refractive index spectra for the layers of (a) glass, (b) ITO, (¢) ZnO, (d) FAPbI3,

(e) P3HT, (f) Spiro.
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Fig. S2 (a) the absorption of P3HT, Spiro and FAPbI; films; (b) J—V characteristics under dark
condition measured for the PeSCs with HTLs of P3HT doped with Li-TFSI and pristine Spiro

films.
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Fig. S3 Top-view SEM images of perovskite film, P3HT and Spiro films covered on the perovskite

layers.
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Fig. S4 The Q, EQE and IQE spectra for PeSCs with HTL of P3HT (a) and Spiro (b).
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Fig. S5 The intensity-dependent transient photocurrents for PeSCs with HTL of P3HT and Spiro.
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Fig. S6 Experimental dark-current of the P3HT and Spiro film measured at room temperature in

the hole-only device, configuration was ITO/P3HT (50nm) or Spiro (150 nm) /Au. The solid lines
represent the fit using a model of single-carrier SCL current®.
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Fig. S7 Schematic illustration of the photo-CELIV method.
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Fig. S8 The photo-CELIV transients at varying delay times for PeSCs with HTL of P3HT and
Spiro.
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Fig. S9 Jph —Veft characteristics various light intensity for PeSCs with HTL of P3HT and Spiro.
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Fig. S10 the J-V characteristics under dark condition for the PeSCs with HTL of P3HT and Spiro.

Table S2 the parameter after fitting , where n(0) is the initial charge carrier density, t is the

recombination lifetime, y (0<<y<1) is the dispersion parameter.



no (cm) ) Y

P3HT 7.94x1015 7.82 1.0

Spiro 9.97x10'¢ 9.18 1.0
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