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Abstracts 
 
  All-polymer solar cells have active layers based on blends of two semiconducting polymers.1 
With a view to commercialisation, all-polymer solar cells have a number of potential advantages over 
other organic PV technologies including improved morphological stability.2 The fact that two 
polymers are blended together means that an all-polymer blend, as distinct to a blend based on a 
semiconducting donor polymer and small molecule acceptor, has a lower tendency to phase 
segregate due to the entanglement of polymer chains rendering them with a low physical mobility.3, 

4 The blending of two polymers can be challenging to produce an optimum nanoscale morphology 
as required for the efficient operation of a bulk heterojunction solar cell.4 As tightly bound excitons – 
which are the primary product of photoexcitation in organic semiconductors – can only diffuse around 
10 nm or less before they recombine,5 donor and acceptor materials must be intermixed such that 
there are donor/acceptor heterojunctions within 10 nm of exciton generation to ensure that excitons 
are dissociated into electron-hole pairs at the donor/acceptor interface before they recombine.4 The 
long chains of semiconducting polymers means that there can be a tendency for all-polymer blends 
to phase separate into mesoscale domains (with domain size much larger than the exciton diffusion 
length) due to the reduced entropy of mixing of two polymers compared to a polymer and small 
molecule.4 Furthermore, the extended nature of polymer chains means that polymer chains begin to 
interact earlier in the solution coating process potentially initiating phase separation earlier in the film 
drying process.  

While active layer films in the laboratory are generally prepared via spin-coating, the 
commercial production of polymer solar cells will rely on in-line or roll-to-roll coating processes.6 Due 
to the different kinetics of drying in a small spin-coating vs. a large area coating process, the 
morphologies produced via spin-coating may not be reproduced when device production is scaled 
up.7 As a lab-based alternative to spin-coating, blade coating can enable the fabrication of test-size 
devices minimising material wastage for device optimisation, with drying kinetics comparable to roll-
to-roll coating enabling.8 Thus the efficiencies and morphologies realised in small area blade-coated 
cells can be more directly transferred to large area cells produced via commercially relevant 
processes. In this report the efficiency and morphology of all-polymer solar cells produced via spin-
coating and via blade coating are directly compared. As shown in Table one, Six different all-polymer 
systems are compared, including 3 not previously reported (as shown in Figure 1). Microstructure is 
characterised using a combination of atomic force microscopy (AFM), transmission electron 
microscopy (TEM) and synchrotron-based grazing-incidence wide-angle X-ray scattering (GIWAXS). 
These three techniques provide a comprehensive overview of surface roughness and topography 
(AFM), bulk phase separation and morphology (TEM) and thin film crystallinity (GIWAXS). 
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Table 1 Summary of film preparation conditions and surface roughness values for the six 
systems studied. 

System  Weight ratio  Solvent  Spin-coated Rq  
(nm)  

Blade-coated Rq 

(nm)  
J52:N2200  1:1  Chlorobenzene  1.38  0.83  
J52:F-N2200  1:1  Chlorobenzene  0.91  1.38  
J52:PNDIT10  1:1  Chlorobenzene  2.29  1.11  
J52:MJA109  1:1  Chlorobenzene  2.01  1.19  
J52:MJA185  1:1  Chlorobenzene  4.04  1.40  
J52:MJA199  1:1  Chlorobenzene  2.36  1.63  

 

 
Figure 1 Chemical structures of polymers studied. 
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