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Abstract 

In reported fabrication process of organic photovoltaics (OPV), light environment is 

usually thought to be negligible and missing in the experimental section. In this work, 

the morphology of organic bulk-heterojunction (BHJ) photovoltaics in the presence and 

absence of white light during film formation process is examined by small angle 

neutron scattering and grazing incidence x-ray scattering. It provids the first clear 

experimental evidence that the morphology, thermodynamics and function of BHJ 

blends is significantly impacted by the photo absorption during film formation process. 

The results clearly demonstrate that crystal sizes of donor material decrease and the size 

of pure acceptor phase increases with an increase of light intensity along with enhanced 

acceptor aggregates. Moreover, the specific interfacial area between pure acceptor 

phase and its surrounding matrix is found to be crucial for the electron transport and 

device performance, which reaches maximum with the presence of 1 sun, resulting in 

the best device performance. The generalization of the impact of light illumination is 

also investigated in other OPV systems including fullerene and non-fullerene systems. 
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This finding can open the door to a wide range of applications of simple illumination 

on the processing of organic semiconductor based devices to precise control the 

morphology and surely expend the application of illumination for further improvement 

of OPV performance.

1. Introduction

With the increasing interest in organic semiconductors for using in organic 

photovoltaics, organic light emitting diodes, and field effect transistors, the 

understanding of the chain conformation of organic semiconductors becomes extremely 

important, as its optoelectronic properties are highly dependent on the chain 

conformation of the organic semiconductors.1-9 The interaction of organic 

semiconductors with light leads to photo excitations, forming excitons, which can travel 

along and across the semiconducting chains. The resulting excitation from light 

absorption is transferred via a variety of intra- or intermolecular transfer mechanisms, 

resulting in desirable optoelectronic properties, i.e. photoluminescence. One might 

envision that the movement of charges along the semiconducting chain can constrict or 

expand the semiconducting chain, altering its conformation with exposure to light. 

Reiter and coworkers found that the dewetting of a mixture of polystyrene and 

conjugated polymer was faster in the dark than when it was exposed to light.10 They 

interpreted this result to indicate that the exposure to light increased film viscosity and 

expanded the conjugated chains, slowing their motion. A similar polymer blend was 

examined in a related work, which showed that the photoluminescent intensity 

increased up to 40% with exposure to white light.11 It is attributed to the formation of 
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exciton under light exposure, which would force the planarization of MEH-PPV chains. 

Moreover, Morgan and Dadmun investigated chain conformation of conjugated 

polymer in solution under illumination and the results indicated that the Kuhn length 

and radius of gyration significantly decreased upon light exposure.12 They proposed 

that the interaction of light with the backbone of conjugated polymers altered their 

solubility in and thermodynamic interaction with their surrounding solvents. 

Furthermore, recently Amita and coworkers reported that illumination had strong 

impact on the rate of metal halide perovskite formation and subsequent film 

morphology.13 They claimed that the generation of electron-hole pairs would lead to 

the light-activated nucleation. The number of charge carriers trapped at the PbI2 surface 

would increase with an increase of light intensity, resulting in a decrease of surface 

tension and an increase nucleation density. 

Meanwhile, organic photovoltaics (OPV) based on the bulkhetrojuction (BHJ) 

blends of organic donor and acceptor, have attracted much attention over the past 

decades because of their advantages, such as light weight, low cost, and flexible. The 

morphology of BHJ blends has been considered to be crucial for OPV device 

performance.14-25 Therefore, there is now a large body of literature on various ways to 

control the morphology of BHJ blends including thermal annealing, solvent annealing, 

co-solvents, and solvent additives.26-37 Meanwhile, the reports above clearly 

demonstrated that illumination would affect the chain conformation of organic 

semiconductors in solution, film formation kinetics and subsequent morphology. 

Therefore, there is little doubt that illumination would provide an alternative strategy 
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to optimize the morphology of organic photovoltaics via altering the chain confirmation 

and thermodynamic interaction during film formation process. Unfortunately, the effect 

of illumination during film formation process on the morphology of organic 

photovoltaics has never been reported. More importantly, fundamental understanding 

of how photon absorption by a semiconductor alters its morphology, dynamics and 

thermodynamics in blends would provide previously unavailable information about the 

potential application of light exposure in OPV.  Moreover, correlation of local 

structural changes to the macroscopic dynamic response of the blends in the presence 

and absence of illumination will probe the fundamental processes which hierarchically 

guide the change in macroscopic behavior of BHJ blends as a result of photon 

absorption.

Hence, in this work the effect of illumination during film formation process on the 

morphology of organic BHJ solar cells including fullerene and non-fullerene systems 

was examined owing to several attractive properties of non-fullerene systems.38-40 It 

indicated that the morphology and thermodynamics of organic BHJ blends was 

significantly impacted by photo absorption, which in turn impacts OPV device 

performance. The results revealed that the crystal size of organic donor decreased with 

an increase of light intensity. Moreover, small angle neutron scattering (SANS) results 

demonstrated that the acceptor phase separation was significantly impacted by photo 

absorption. The optimized morphology was achieved with illumination with proper 

intensity, resulting in best device performance. This finding would provide a more 

precise morphologic control of organic photovoltaics with photo absorption and surely 
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expend the application of illumination for further improvement of OPV device 

performance.

2. Experimental section 

p-DTS(FBTTh2)2 and PC70BM were purchased from 1-Materials. Solution of active 

layer was prepared by dissolving p-DTS(FBTTh2)2 (15 mg/mL) and PC70BM (10 

mg/mL) in chlorobenzene with 0.4 vol% diiodooctane. The active layers were 

fabricated by blade coating at a constant speed of 5 mm/s. The substrate temperature 

was kept at 60 °C and the gap between the knife blade and substrate was 100 µm. The 

films were then baked at 100 °C for 10 mins in glove box to remove residual solvents. 

The blade coating was performed in the presence and absence of illumination, using a 

power-tunable white LED purchased from Zhenzheng Optoelectronics Company. The 

irradiation spectrum of the white LED obtained from Spectral luminance meter (SRC-

200M) was provided in Fig. S1. Four light intensities including 0 Sun, 0.5 Sun, 1 Sun, 

and 2 Sun were selected in this work, where 0 Sun refers to the dark and 1 Sun refers 

to a light intensity of 100 mW cm−2. The resultant film thickness was about 98 nm for 

all the films.

Atomic force microscopy (AFM) (Bruker NanoScope V) was employed to 

characterize the surface morphology of active layers The thickness of the active layers 

was measured by a depth profiler (BRUKER, DektakXT). X-ray photoelectron 

spectroscopy (XPS) experiments were carried out in an ESCALAB 250 X-ray 

photoelectron spectroscopy. Grazing incidence wide-angle x-ray scattering (GIWAXS) 

experiments were done at beamline BL14B1, Shanghai Synchrotron Radiation Facility. 
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The intensity and wavelength of x-ray beam was 10 Kev and 0.1236 nm, respectively. 

Small-angle neutron scattering experiments (SANS) were conducted at the Oak Ridge 

National Laboratory for Neutron Research (beamline CG2). The raw data were 

corrected with empty cell scattering, detector sensitivity, and dark current, which were 

then calibrated to an absolute intensity using a Porasil-A standard. The scattering length 

density (SLD) of p-DTS(FBTTh2)2 and PC70BM is 1.2 × 10-4 nm-2 and 4.5 × 10-4 nm-2, 

respectively.41 Surface energy of neat p-DTS(FBTTh2)2 and PC70BM was determined 

from contact-angle measurements (Kino SL200KS) , which was evaluated by 

geometric mean using the contact angle of diiodomethane and water on the surface of 

the solid films. The surface energy of p-DTS(FBTTh2)2 and PC70BM are 28.4 and 37.8 

mJ/m2, respectively. 

The devices were fabricated with a conventional structure of ITO/PEDOT:PSS/ p-

DTS(FBTTh2)2:PCBM/Ca/Al. A thin layer of PEDOT:PSS was spin-coated with 4000 

rpm for 20 seconds onto the cleaned ITO substrate and then immediately annealed in 

air at 140 °C for 20 minutes. Then, p-DTS(FBTTh2)2:PC70BM blends were blade coated 

on PEDOT:PSS as described above. Finally, a thin layer of Ca (5 nm) and then 100 nm 

Al layer were evaporated under high vacuum. The Current density-voltage (J-V) 

characteristics of the devices were measured under AM 1.5G (100 mW/cm2) using Sun 

2000, Abet Technologies. The light intensity was calibrated with a single-crystal Si-

based solar cell. The hole and electron mobility of the blend films were measured using 

the SCLC (space-charge limited current) method by fitting of the dark current, with 

device structures of ITO/PEDOT:PSS/ p-DTS(FBTTh2)2:PCBM /MoO3/Al (hole-only 
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device) and ITO/ZnO/PFN/p-DTS(FBTTh2)2:PCBM/PFN/Al (electron-only device). 

3. Results

Fig. 1 showed the tapping-mode AFM images of p-DTS(FBTTh2)2:PCBM thin films 

under different illumination conditions. The results clearly showed that p-

DTS(FBTTh2)2:PCBM films exhibited well inter-connected network structure and the 

crystal sizes became smaller with an increase of light intensity. Fig. 2 presented the 

out-of-plane and in-plane profiles extracted from 2D grazing incidence x-ray scattering 

(GIWAXS) patterns of p-DTS(FBTTh2)2:PCBM thin films. The (100) diffraction peak 

located at q ≈3.2 nm-1 in out-of-plane curves was observed for all the blends, which is 

correlated to lamellar spacing of p-DTS(FBTTh2)2 separated by the side chains.42 The 

(100) peak position almost remained unchanged with the change of illumination 

conditions, which indicated that the lamellar distance of p-DTS(FBTTh2)2 was not 

impacted by photo absorption. Moreover, the lamellar coherence length, which is 

associated with the crystalline domain size was determined by the Scherrer's equation 

and listed in Table 1.43, 44 The results showed that the coherence length decease with an 

increase of light intensity, indicating a decrease of p-DTS(FBTTh2)2 crystal sizes, 

which was consistent with AFM results. Furthermore, the peak area of (100) peak was 

almost unchanged with photo absorption, which indicated that the p-DTS(FBTTh2)2 

crystallinity remained constant for all the samples. Meanwhile, the (010) peak at q 

=17.3 nm-1 was observed in all the samples in the in-plane direction, which was relevant 

to π-π stacking of p-DTS(FBTTh2)2 molecules. The peak position almost maintained 

invariant for all the samples, which clearly illustrated that the π-π stacking distance 
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within the crystal that was crucial for charge transport, was independent to photo 

absorption.

The GIWAXS results only provided information about the molecular packing and 

crystallization of donor materials. Thus, small angle neutron scattering (SANS) was 

employed to provide information on the alteration of the fullerene phase separation 

under different illumination conditions. The SANS curves were presented in Fig. 3. In 

SANS, the scattering intensity is proportional to the square of the difference of the SLD 

of two phases. Therefore, the increase of scattering intensity indicated an enhancement 

of PCBM phase separation with light illumination. Similar to P3HT (SLD=0.7 × 10-4 

nm-2):PCBM system, as SLD of the PCBM (4.5 × 10-4 nm-2) is significant larger than 

p-DTS(FBTTh2)2 (1.2 × 10-4 nm-2), the SANS scattering is dominated by pure PCBM 

phase. Thus, the domain sizes and specific interfacial areas obtained from SANS 

referred to the pure PCBM phase dispersed in its surrounding matrix.45, 46

In order to obtain more detailed structure information, the scattering curves were 

fitted to Schulz sphere model, which has been successfully used to describe the 

dispersion of pure fullerene phase within its surrounding matrix in the organic 

donor:fullerene systems.47, 48 As shown in Fig. 3a, the SANS curves were well fitted to 

Schulz sphere model, from which polydispersity of the pure PCBM domains (P), 

volume fraction of pure PCBM phase (Φag), size of pure PCBM agglomeration (Ra), 

and specific interfacial area (S/V) between pure PCBM phase and its surrounding 

matrix in the whole samples can be obtained and listed in Table 1. The results showed 

that volume fraction of pure PCBM phase increased obviously from 13.2% up to 23.3% 

Page 8 of 28Journal of Materials Chemistry C



9

with an increase of light intensity. Fig. 3b showed the distribution of pure PCBM 

domains obtained from Schulz sphere model. The sample under dark provided an 

average radius of 71 Å with polydispersity of 0.27. with an increase of light intensity, 

polydispersity of the pure PCBM domains increased from 0.27 to 0.40, size of pure 

PCBM agglomeration increased from 71 Å to 100 Å, and S/V increased firstly and then 

decreased with the maximum of 573945 cm-1 under 1sun.

To examine the vertical phase separation of p-DTS(FBTTh2)2:PCBM blends, the 

surface composition of was p-DTS(FBTTh2)2 evaluated by XPS. In XPS, the atomic 

ratio of N(2p)/C(1s) and S(2p)/C(1s) was proportional to the surface composition of p-

DTS(FBTTh2)2. As shown in Table 2, the atomic ratio of N(2p)/C(1s) and S(2p)/C(1s) 

increased with an increase of light intensity , which indicated an increase of p-

DTS(FBTTh2)2 concentration and decrease of PCBM concentration at active layer/air 

interface. The vertical phase separation in BHJ blends is believed to be related to the 

difference in the surface energy of each component. Similar to P3HT:PCBM, as p-

DTS(FBTTh2)2 has a lower surface energy than PCBM, p-DTS(FBTTh2)2 tended to 

accumulate at the air surface in order to reduce the overall energy. Therefore, the 

enhancement of p-DTS(FBTTh2)2 aggregation at the air surface indicated that the 

vertical phase separation of p-DTS(FBTTh2)2 was enhanced with an increase of light 

intensity. Moreover, the enhancement of p-DTS(FBTTh2)2 aggregation indicated an 

depletion of PCBM at the air surface (near the cathode) with photo absorption, which 

would inhibit efficient charge transport and charge collection near the cathode, and thus 

deteriorate the device performance. The nanomorphology of the system was 
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schematically presented in Fig. 4, which showed the enhancement of PCBM phase 

separation and the depletion of PCBM at the air surface.

The results above clearly revealed that the morphology of active layer was 

significantly impacted by the photo absorption during film formation process. To make 

this information more valuable, these morphologic changes must be correlated to 

photovoltaic properties. For this purpose, the device performance of all the samples was 

measured, and the results were presented in Fig. 5 and Table 2. The device performance 

of blend obtained under indoor light environment (0.2 Sun) was provided in Fig. S2. 

The device under dark condition exhibited a PCE of 6.8% with a short-circuit current 

density (Jsc) of 12.7 mA cm-2, Voc of 0.84 V and FF of 63.8%. The device performance 

was first enhanced with an increase of light intensity and the best device was found in 

the device, whose active layer was developed under 1 Sun, where the PCE increased to 

9.0%. However, further increase of light intensity lead to a decrease of PCE to 8.0%. 

Furthermore, the electron and hole mobility obtained from space charge limited current 

(SCLC) measurements were presented in Fig. 5 and Table 3. The results showed that 

the hole mobility increased with an increase of light intensity, while the maximum 

electron mobility was achieved in the device fabricated under 1 Sun.

4. Discussion

To the best of our knowledge, this work provides the first clear experimental evidence 

that the morphology and thermodynamics of organic BHJ blends was significantly 

impacted by photo absorption during film formation process, which in turn impacted 

OPV device performance. 
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The interaction of organic semiconductors with light leads to photo excitations, and 

formation of excitons, electron-hole pairs. Excess photo-generated carriers were 

populated at the surface of organic semiconductor.13 According to Lippmanm’s 

equation, the surface tension can be expressed as 

γ = γ0 ―
σ2

2C0

where  is the surface tension at zero charge,  is the excess surface charge and  γ0 σ C0

is the double-layer capacitance.49, 50 Therefore, an increase of excess surface charge 

would lower the value of surface tension as a result of photo absorption. This is 

consistent with XPS results, which showed an increase of p-DTS(FBTTh2)2 

concentration at the air surface, indicating a decrease of surface energy. Moreover, the 

decease of surface tension lowers the critical free energy of nucleation and the critical 

nucleus size, resulting in formation of smaller crystals.51, 52 This is consistent with AFM 

and GIWAXS results, showing an decease of p-DTS(FBTTh2)2 crystal sizes. 

Moreover, the SANS results revealed that PCBM phase separation was enhanced 

with illumination. It is associated with the decrease of surface tension of p-

DTS(FBTTh2)2 as a result of photo absorption. As surface energy of p-DTS(FBTTh2)2 

(28.4 mJ/cm2) is lower than PCBM (37.8 mJ/cm2), the decrease of surface energy of  

p-DTS(FBTTh2)2 would increase the difference of surface energy between p-

DTS(FBTTh2)2 and PCBM, leading to less compatible blends and enhancement of 

PCBM phase separation. 

Similar to P3HT:PCBM blends, the BHJ blends consist of three phases in the p-

DTS(FBTTh2)2:PCBM mixture: a p-DTS(FBTTh2)2 crystalline phase, a pure PCBM 
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phase, and a mixing phase of non-crystalline p-DTS(FBTTh2)2 and PCBM.  The 

existence of the mixing phase would benefit efficient exciton dissociation as there is 

ample donor/acceptor interfacial area in this phase, which also indicated that most 

charge carriers are generated in this area. Meanwhile, due to the coexistence of electron 

and holes in this area, a higher probability of bimolecular recombination is predicted. 

To reach the electrode, the electrons that are generated in the mixing phase should 

transport in the mixing phase to the electrode or transport through pure PCBM phase to 

the electrode. Therefore, the presence of pure PCBM phase, especially a larger 

interfacial area (S/V) between pure PCBM phase and its surrounding matrix would 

provide additional pathways connecting pure PCBM phase and the mixing phase, which 

facilitates the electrons to escape from the “slow pathway” miscible phase to the “fast 

pathway” pure PCBM phase, resulting in the reduction of bimolecular recombination 

and enhancement of PCE. This is verify by electron mobility measurements and device 

performance tests, which showed that the highest electron mobility and best device 

performance was obtained in the device fabricated under 1 Sun, which exhibited highest 

S/V value. The storage stability of p-DTS(FBTTH2)2:PCBM device were tested and the 

results were shown in Figure S3. It showed similar normalized PCE as function of AM 

1.5G illumination time, indicating that light processing during device fabrication 

mainly affected the morphology of active layer and has less impact on the storage 

stability. Figure S4 presented the normalized UV–vis spectra of p-

DTS(FBTTH2)2:PCBM devices obtained from different light intensities. It showed that 

almost the same UV-vis spectrum was found for each sample, which indicated that 
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photo-degradation and/or photo-oxidation of organic materials did not occur during 

1sun/2sun illumination process.  

To investigate whether the impact of light illumination could be generalized to other 

organic photovoltaic systems including fullerene systems and non-fullerene systems, 

the photovoltaic properties of P3HT:PCBM, PTB7-th:PCBM, PCDTBT:PCBM, 

PCDTBT:PCBM, and PBDB-T:ITIC53 bends obtained from different light illumination 

were measured. The J-V curves were presented in Fig. S5 and the results were tabulated 

in Table S1 and been contrasted in Fig. 6. It showed that the PCE of the devices were 

significantly affected by the light illumination, which supported our findings. For the 

fullerene systems, as fullerene usually has higher surface energy than organic donor, 

the decrease of surface energy of organic donor with light illumination during film 

formation would enhance the surface energy difference between donor and acceptor, 

resulting in the enhancement of phase separation. It should be noted that light 

illumination during film formation impacts the surface energy of organic 

semiconductors, which in turns to affect the phase separation of BHJ blends, but it 

would not guarantee the improvement of device performance. For instance, in the 

PCDTBT:PCBM (1:2) blends, light illumination enhanced the phase separation of BHJ 

blends, leading to the increase of PCE. However, for PCDTBT:PCBM (1:4) blends, 

excess phase separation with light illumination would deteriorate the device 

performance. For the PBDB-T:ITIC devices, the change of surface energy of PBDB-T 

and ITIC during film formation with light illumination, resulting in enhanced phase 

separation, as shown in Fig. S6. 
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Hence, this finding offered hierarchical guides for the change in macroscopic 

behavior of BHJ blends as a result of photon absorption. It can be used to optimize the 

morphology of donor:acceptor blends with various miscibility. Ade and coauthors 

reported the miscibility-function relationship where percolation threshold is the ideal 

morphology for donor:acceptor blends while too pure (low miscibility) or too miscible 

would lead to bad device performance.54 Fortunately, light illumination would be a 

powerful tool to tune the morphology towards to the ideal percolation threshold.  For 

instance, for the fullerene system, light illumination was suggested for the film 

fabrication process for the too miscible blends to ensure there is sufficient pure acceptor 

phase for percolation threshold; while dark environment was preferred for the film 

evolution process of BHJ blends with low miscibility to ensure there is ample 

donor/acceptor interface for efficient exciton dissociation to reach percolation threshold. 

Meanwhile, this work also indicated that it should be very careful about the light 

environment during the fabrication of OPV, which impacts its morphology and function. 

Moreover, this method would also be applicable to multi-component organic 

semiconductor systems to guide the morphology control.

5. Conclusion 

This work provides the first clear experimental evidence that the morphology, 

thermodynamics and device performance of BHJ blends was significantly impacted by 

the light environment during film formation process. Careful data analysis indicated 

that donor crystal sizes decreased and the size of pure acceptor phase increased with an 

increase of light intensity along with enhanced acceptor phase separation. It is 
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associated with the decrease of surface energy of donor material as a result of photo 

absorption, which enhanced the surface energy difference between donor and acceptor, 

leading to enhanced acceptor phase separation.

More importantly, this work is a unique example to demonstrate that crystallization 

of donor and acceptor phase separation can be efficiently tuned by photo absorption 

during film formation process. Meanwhile, significant impact of light illumination on 

the photovoltaic properties was also observed in other OPV systems including fullerene 

and non-fullerene systems. This finding would provide a more precise morphologic 

control of organic photovoltaics with photo absorption and surely expend the 

application of illumination for further improvement of OPV device performance. 

Moreover, the finding of this effect would open the door to a wide range of applications 

of simple illumination on the processing of organic semiconductor based devices to 

tune their local structure and macroscopic properties. Furthermore, this work also 

indicated that it should be very careful about the light environment during the 

fabrication of OPV or other multi-component organic semiconductor systems, which 

impacts its morphology and function.
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Fig. 1 AFM tapping mode topographies of the surfaces of p-DTS(FBTTH2)2:PCBM 
blends obtained from light intensity of (a) Dark (b) 0.5 Sun (c) 1 Sun (d) 2 Sun.
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Fig. 2 (a) out-of-plane and (b) in-plane X-ray profiles extracted from GIWAXS for all 
the samples.
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Fig. 3 (a) The absolute small angle neutron scattering intensity with Schulz sphere 
fitting for p-DTS(FBTTH2)2:PCBM blends and (b) Size distribution of pure PCBM 
domains in p-DTS(FBTTH2)2:PCBM blends.
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Fig. 4 Schematic drawing of the nanomorphology in p-DTS(FBTTH2)2:PCBM 
obtained from dark and 1-sun illumination. 

Fig. 5 (a) J-V curves and (b) Normalized external quantum efficiency (EQE) spectra 
for p-DTS(FBTTH2)2:PCBM blends obtained from different light intensities; J-V 
characteristics for (c) hole-only devices, (d) electron-only devices. 
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Fig. 6 PCE histogram for different blends under dark and illumination of 1 sun.
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Table 1 Coherence length of p-DTS(FBTTH2)2 (),Average radius of pure PCBM 
domains (Ra), volume fraction of pure PCBM phases (Φag), polydispersity of the size 
of pure PCBM domains (P), and specific interfacial area (S/V) obtained from Schulz 
sphere model.

 (nm) Ra(Å) Φag P (sig/avg) S/V (cm-1)

Dark 23.4 71 13.2% 0.27 487872

0.5 Sun 20.99 79 17.1% 0.29 534565

1 Sun 17.3 92 20.9% 0.32 573945

2 Sun 15.8 100 23.3% 0.40 527040

Table 2 Area ratios of S(2p) peak /C(1s) peak and N(1s) peak/C(1s) peak for the top 
surface.

Dark 0.5 Sun 1 Sun 2 Sun

S(2p) /C(1s) 0.101 0.113 0.122 0.128

N(1s)/C(1s) 0.034 0.038 0.042 0.044

Table 3 Device performance at standard AM-1.5 illumination.
JSC

(mA/cm2)

VOC 

(V)

FF 

(%)

PCE 

(%)

Dark 12.7±0.2 0.84± 0.03 63.8± 0.4 6.8± 0.2

0.2 Sun 13.3±0.2 0.84±0.02 65.1±0.3 7.27±0.3

0.5 Sun 14.5±0.3 0.86± 0.02 66.1± 0.5 8.2± 0.2

1 Sun 15.3± 0.4 0.87± 0.03 67.7± 0.4 9.0± 0.3

2 Sun 14.3± 0.4 0.85± 0.04 65.7± 0.4 8.0± 0.3

Table 4 Hole and electron mobility calculated from SCLC method.
Dark 0.5 Sun 1 Sun 2 Sun

Hole mobility

(cm2V-1s-1)
2.0210-4 3.1210-4 3.4610-4 3.5710-4

Electron mobility

(cm2V-1s-1)
5.6510-4 5.7210-4 5.8310-4 5.1210-4
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Light environment during blade coating process has been studied with a result of that 

crystal sizes of donor material decreased and the size of pure acceptor phase increased 

with an increase of light intensity along with enhanced phase separation, which shows 

light environment during blade coating process has a significant impact on morphology, 

thermodynamics, and device performance of bulk-heterojunction blends. 
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