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Statistical information of device performance

Table S1 shows the statistical information of PCE, FF, JSC and VOC of 16 nominally 

equal devices. The low values of the standard deviation indicate that device performance 

is highly reproducible. 
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Table S1. Average values and standard deviation of: Efficiency, FF, VOC, JSC.

In order to explain the initial low performance of the cells, we have registered AFM 

images of PCE12:ITIC films developed from spin-coating and slot-die coating, 

respectively (see Fig. S1). It is clear that those made from slot-die coating in air show a 

larger surface roughness, which besides thickness variations (detailed study in ref. 32 of 

the manuscript) can explain the performance drop related to the active layer, when 

comparing to state-of-the-art values achieved from cells made from spin-coating inside a 

glovebox. The mean roughness is 5.0 nm when made from slot-die coating, and 1.5nm 

when made from spin-coating.   

Fig.S1. AFM images of a Spin-Coated film and a Slot-die coated film of PCE12:ITIC.

Average 
Values

Standard 
Deviation

Efficiency (%) 3.37 0.17
ISC (mA) 0.57 0.03
JSC (mA/cm2) 9.84 0.55
VOC (V) 0.83 0.01
FF 0.41 0.01
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Absorption and Transmission of the active layer depth

We have performed additional simulations using Silvaco TCAD to check our assumptions 

on the differential penetration depth for blue (450 nm) and red (630 nm) monochromatic 

illuminations. The refraction index and extinction coefficients of each layer in the cell 

structure (PEDOT:PSS/PBDTB-T:ITIC/ZnO/Ag) are spectrally variable and based on 

experimental published data. Our simulations for the transmissivity and absorptivity as 

function of the active layer depth (Fig.S2) validate our statement about the more intense 

absorption of red light near the anode contact. Specifically, Fig. S2a shows that around 

50% of the red illumination at 630nm is absorbed in the first 50 nm of the active layer. In 

contrast, blue light (450 nm) penetrates deeper into the active layer, and just around 20% 

is absorbed in the first 50 nm close to the anode contact. In addition, Fig.S2b shows that 

around 35% of the blue light escapes the active layer without being absorbed, while the 

transmission for the red light is almost negligible.

Fig.S2. a) Absorption and b) Transmission and as a function of the active layer depth 

for blue (450 nm) and red (630 nm) monochromatic illuminations
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Degradation characterization

Outdoor lifetime testing was carried out according to the International Summit on OPV 

Stability (ISOS) standard O-2 protocol. The degradation of the samples was carried out 

in two periods of the year with different environmental conditions. Therefore a “dry” and 

a “wet” degradation can be distinguished. The wet degradation has been performed over 

a period of 525 hours (22 days) with 131.3 equivalent hours of sun, 59.13% average 

humidity (with 28.5% and 94.8% as the lowest and highest values), and -1.6 ºC/17.3 ºC 

minimum/maximum temperature. It is worth noting that the maximum humidity 

corresponds to the rainy days, thus causing the samples to get wet (Fig. S3, approximately 

at 180 hours). The dry degradation (Fig. S4) has been carried out over 216 hours (9 days) 

with 86.6 equivalent hours of sun, 38.4% average humidity (between 15.5% and 71.3%), 

and 10.2 ºC/30.6 ºC minimum/maximum temperature. In this case some of the data was 

missed due to a malfunction in the equipment, as can be seen in Fig S4.

 

Fig. S3. Evolution of the electric parameters with the degradation time of the sample 

exposed to “wet” conditions: a) Efficiency b) FF, c) VOC and d) JSC.
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Fig. S4. Evolution of the electric parameters with the degradation time of the sample 

exposed to “dry” conditions: a) Efficiency b) FF, c) VOC and d) JSC.

Fig. S5 shows the width of the DOS (σ) as function of the degradation time, for the sample 

exposed to outdoor degradation under low humidity levels.

Fig. S5. Width of the DOS (σ) as function of the degradation time, for the sample exposed 

to outdoor degradation under low humidity levels.
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Device physical modelling and numerical simulations

Two-dimensional numerical simulations were performed using the Organic Solar module 

of the commercial software SilvacoTM TCAD Atlas 1. The device structure was based on 

an effective organic bulk-heterojunction active layer with a thickness of 220 nm, capped 

with two electron- and hole-selective ohmic contacts having different work-functions, 

where the exciton quenching is neglected. Gaussian energy distributions are assumed for 

the active layer HOMO and LUMO bands. Spectrally- and spatially-dependent exciton 

photogeneration is computed using a Transfer Matrix Method (TMM) optical stimulus 

model. It is assumed that every absorbed photon generates a singlet exciton, which creates 

a geminate pair. Position-dependent densities for both geminate pairs and free charge 

carriers (electron and hole) where calculated by solving the coupled continuity equations 

for each specie, which include Langevin recombination, geminate pair dissociation and 

both geminate pair radiative and non-radiative decays. Table S2 summarizes the values 

for the main physical parameters used in the simulations.

Table S2. Overview of the main physical parameters used in numerical simulations at    

T = 300K

Parameter Value Unit Ref.
Optical bandgap 1.60 eV This work
Electron affinity 3.80 eV 2

Relative permittivity 3.40 2

Exciton binding energy 0.28 eV 2

Electron-hole distance in geminate pair 1.80 nm 3

Non-radiative decay lifetime 166 ns This work
Radiative decay lifetime 1 s 2

Electron and hole mobilities Variable cm2/V·s This work
Anode (PEDOT:PSS) work-function 5.30 eV 4

Cathode (Ag-ZnO) work-function 4.35 eV This work
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