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There are two basic classifications of organic solar cell according to the device structure: planar heterojunction (PHJ) and bulk heterojunction (BHJ). Most high efficiency organic solar cells adopt BHJ structure because BHJ has a much more efficient power to generate charge carriers under light illumination than PHJ. In small molecule solar cells, a single BHJ is usually sandwiched between a donor layer and an acceptor layer, which is called p-i-n structure. High efficiency is usually obtained in small molecule BHJ devices by optimizing the thickness and the D/A ratio of BHJ layer.

In this work, we use chloroaluminum phthalocyanine (ClAlPc) as the donor and fullerene (C60) as the acceptor to fabricate photovoltaic devices with a novel p-i-p-n structure. We prepare ClAlPc/ClAlPc:C60/ClAlPc/C60/bathocuproine (BCP)/Al device on ITO substrate. All films in this device, except the second ClAlPc layer, are deposited on a substrate placed horizontally. Glancing angle deposition is used to prepare the second ClAlPc layer with a rough surface. This device has two heterojunctions connected in series: a ClAlPc/C60 PHJ behind a ClAlPc:C60 BHJ. Higher efficiency is obtained in this device with p-i-p-n structure (1.46%) comparing to the device with the common p-i-n structure (1.16%). The effect of ClAlPc/C60 PHJ on device performance is studied. This work provides a new route to improve the device structure of organic solar cells.
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