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Figure S1. Equivalent circuit of the solar cell. 

The current density-voltage characteristic of an organic photovoltaic device can be 

described with conventional (Si) p-n solar cells, so the following simplified 

expression can be derived for the open-circuit voltage VOC:

                                          (1)

where JSC is the short-circuit current density under illumination, J0 is the reverse bias 

saturation current density, q is the elementary charge, K is Boltzmann’s constant, T is 

temperature (T is 300 K here.), KT is thermal energy, and n is the ideality factor of 
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the diode, in which n is a key factor to reflect whether the semiconductor device is 

good or not. 
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Figure S2. The measurements of the conductivities.

Figure S3. J-V curves of the PSCs based on PTB7/PC70BM with PFN cathode 
interlayer under the illumination of AM1.5G, 100 mW/cm2. 
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Figure S4. J-V curves of the PSCs based on PTB7/PC70BM with PDIN (14 nm) or 
PDINO (10 nm) cathode interlayer and different metal top electrodes under the 
illumination of AM1.5G, 100 mW/cm2.

Figure S5. The IPCE spectra of the PSCs based on PTB7/PC70BM with PDINO 
cathode interlayerwith different interlayer thickness along with that of the device with 
Ca/Al cathode.
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Figure S6. X-ray diffraction patterns of the polymer films drop-cast onto a silicon 
substrate.
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Figure S7. PL spectrum of PDINO/PDIN in the solid state.
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Figure S8. Normalized　PCEs　under　ambient　condition　for  PTB7/PC70BM 
based devices.
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Figure S9. The reflectance spectra of the conventional Ca/Al and the PDINO/Al 
PTB7-Th: PC70BM PSCs. 
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Figure S10. J-V curves of the PSCs based on PTB7/PDINO bilayer device with Al 
as cathode under the illumination of AM1.5G, 100 mW/cm2.
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Table S1.The Optimized geometry and the dipole moments obtained from DFT 
calculations on PDINO, PDIN, trimenthylamine and trimethylamine oxide at B3LYP/6-
31G* level.[1]

Chemical Name Optimized geometry  Dipole moment

PDIN 1.0757

PDINO 7.2693

Trimethylamine 0.5806

Trimethylamine Oxide 4.3739

For the two PDIs, they bear the same alkyl chains at the both side. Due to lower 
energy difference of the alkyl chain orientations, they are stochastic distribution in the 
solid films. So their symmetric orientation in solid film for a given molecule can’t be 
guaranteed. Thus, dipole moment could be generated in case of an asymmetric 
orientation.
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