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ABSTRACT 

We compare different structures of organic solar cells based on zinc phthalocyanine (ZnPc) and fullerene derivatives as 
electron donor and acceptor materials, respectively. Bilayer devices are fabricated and characterized by current-voltage 
and spectrally resolved photocurrent measurements. In a novel approach, the ZnPc was combined with soluble fullerene 
derivatives. With a pyrrolidinofullerene bearing chelating pyrridyl-groups we observed a complexation between donor 
and acceptor molecules. Due to a favorable structuring of the donor-acceptor interface this leads to a significant 
enhancement of the solar cell performance compared to similar devices where no complexation takes place. 
Coevaporated bulk heterojunction mixed-layers are introduced between the pristine layers. In these optimized structures 
short circuit currents up to 13 mA/cm² are observed. We investigate the voltage dependence of the spectrally resolved 
photocurrent of ZnPc / Buckminsterfullerene bilayer solar cells and interpret the results in terms of the Gärtner model. 
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1. INTRODUCTION 

Metal phthalocyanines are widely used electron donor materials for organic solar cells because of their high absorption 
coefficients and their electrical properties.1,2,3,4 In order to improve the efficiency of solar cells the phthalocyanines are 
combined with electron acceptors such as perylene- or fullerene-derivatives. Here we present a comparative study of 
various solar cell structures: 

I. Bilayer solar cells are using evaporated ZnPc and evaporated Buckminsterfullerene (C60). 
II. Bilayer and diffuse bilayer structures are produced using soluble fullerene derivatives: 1-(3-

methoxycarbonyl)propyl-1-phenyl [6,6] C61 (PCBM) and a new pyrrolidinofullerene compound bearing 
three chelating pyridyl groups (PyF).5 The ZnPc / PCBM cell is a bilayer solar cell, whereas the ZnPc / 
PyF structure has a more diffuse donor-acceptor interface because of the increased solubility of the 
complex in comparison with uncomplexed ZnPc.6 

III. P-i-n solar cells are using a coevaporated ZnPc : C60 bulk heterojunction active layer between thin films of 
the pristine materials. 

The molecular structures of the used materials and a solar cell layout are shown in Fig. 1. The solar cells are 
investigated by their current-voltage characteristics and by spectrally resolved photocurrent measurements. 
We investigate the voltage dependence of the spectrally resolved photocurrent for ZnPc / Buckminsterfullerene bilayer 
solar cells. The Gärtner model7,8 describes the photocurrent at a p / n interface taking the thickness of the depletion layer 
(space-charge-region) into account and predicts that the photocurrent should be a function of the square root of the 
applied voltage.  
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