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Optical Property

Planck’s law of radiation describes the photon density dn(hω) in a cavity for photon energy 

between hω and hω+dhω takes the form2:

 dn(hω) =D(hω)f(hω) dhω

Here D(hω) is the density of the states which the photons can occupy, and f(hω) is the distribution 

function which determines the distribution of photons over the states as a function of the energy 

hω. 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 al3,4 and Hoppe et al5, 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 

devices6.
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Table S1 The obtained Rs ans Rsh for PeSCs with HTLs of P3HT and Spiro.

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

(e) P3HT, (f) Spiro.
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Fig. S2 (a) the absorption of P3HT, Spiro and FAPbI3 films; (b) J−V characteristics under dark 

condition measured for the PeSCs with HTLs of P3HT doped with Li-TFSI and pristine Spiro 

films.

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

layers.

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.

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 current6.
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Fig. S7 Schematic illustration of the photo-CELIV method.

Fig. S8 The photo-CELIV transients at varying delay times for PeSCs with HTL of P3HT and 

Spiro.

Fig. S9 Jph −Veff characteristics various light intensity for PeSCs with HTL of P3HT and Spiro.

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, τ is the 

recombination lifetime, γ (0＜γ≤1) is the dispersion parameter.
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n0 (cm-1) τ (μs) γ

P3HT 7.94×1015 7.82 1.0

Spiro 9.97×1016 9.18 1.0

Reference

1 Peter Würfel, Physics of Solar cells – from Principles to New Concepts,Wiley-VCH , 2005, ISBN: 

3-527-40428-7.

2 N.K. Persson, O. Inganäs, Organic tandem solar cells—modelling and predictions, Solar Energy 

Materials & Solar Cells, 2006, 90, 3491–3507.

3 N.K. Persson, M. Schubert, O. Inganäs, Optical modelling of a layered photovoltaic device with 

a polyfluorene derivative/fullerene as the active layer, Solar Energy Materials & Solar Cells, 

2004, 83, 169–186.

4 H. Hoppe, N. Arnold, D. Meissner, N.S. Sariciftci, Modeling of optical absorption in conjugated 

polymeryfullerene bulk-heterojunction plastic solar cells, Thin Solid Films, 2004,  451–452, 

589–592.

5 J. M. Ball, S. D. Stranks, M. T. Hörantner, S. Hüttner, W. Zhang, E. J. W. Crossland, I. Ramirez, 

M. Riede, M. B. Johnston, R. H. Friend and H. J. Snaith, Energy Environ. Sci., 2015, 8, 602–

609.

6 V. D. Mihailetchi, H. Xie, B. d. Boer, L. J. Koster, P. W. M. Blom, Charge Transport and 

Photocurrent Generation in Poly(3-hexylthiophene):Methanofullerene Bulk-Heterojunction 

Solar Cells, Adv. Funct. Mater., 2006, 16, 699-708.

6


