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Abstract 

 Bulk heterojunction (BHJ) polymer solar cells are promising renewable energy 
sources because of their low production cost, high mechanical flexibility, and 
light-weight. The BHJ layer featuring a nanoscale interpenetrating network of electron 
donor/acceptor phases is critical for the overall device performance. Hence, 
characterization of the structure of BHJ layer is crucial for connecting various 
processing conditions with resultant device performance; however, this is never a trivial 
task from experimental perspective. In this study, we employed multiscale molecular 
simulations to study morphologies of the P3HT:PCBM blend during thermal annealing. 
From multiscale molecular simulations, we can study systems with size compatible with 
experiments, and extract morphological properties that are difficult to extract from 
experiments; furthermore, by reverse-mapping the atomistic details can be retrieved to 
study atomic packing and transport properties. By analyzing blend morphologies, we 
demonstrate that thermal annealing can substantially improve the crystallinity of P3HT, 
and the optimal blend ratio 1:1 for the P3HT:PCBM blend can be attributed to its 
highest interface-to-volume ratio, and most balanced charge transport among all 
blending ratios investigated. Hence, this article provides a multiscale molecular 
simulation framework which can be extended to any BHJ 
systems to help researchers characterize and design BHJ 
cells with superior efficiency. 
 


