
29th IEEE Photovoltaics Specialists conference (Osaka, Japan, May 12-16, 2003) 
 

THE MESOSCALE PHYSICS OF LARGE-AREA PHOTOVOLTAICS 
 

V. G. Karpov, Diana Shvydka,Yann Roussillon, and A. D. Compaan 
Department of Physics and Astronomy, University of Toledo, Toledo, OH 43606, USA 

 
 

 
 
ABSTRACT 

 
Recent findings make the physics of large-area thin-

film devices a distinctive field of its own, considerably 
different from that of microelectronics. We show that (i) 
large-area thin-film photovoltaic (PV) devices are 
intrinsically nonuniform in the lateral directions, (ii) the 
nonuniformity spans over microscopically large 
dimensions, which can vary dramatically (from microns to 
meters) depending on light intensity and bias, and (iii) the 
nonuniformity significantly impacts the device performance 
and stability. Our understanding suggests the concept of 
interfacial layer that blocks the nonuniformity effects and 
can be applied photo-electrochemically. This concept is 
experimentally verified. 

 
 

INTRODUCTION 
 
Because of the large-area requirements, PV thin films 

cannot be made crystalline and are manufactured 
polycrystalline or amorphous. Associated with their non-
crystalline structure are lateral device nonuniformities. 
Technologically, nonuniformity length scales ranging from 
microns to tens of centimeters







explained some of the observed features.  Our consideration 
here has suggested an interfacial layer concept of 
overcoming these nonuniformity effects and self-healing 
photo-electrochemistry approach to depositing the required 
layer.  

Another closely related application where the concepts 
of nonuniformity and random diode arrays can be extremely 
important is the macroscopic circuitry of large area PV 
modules and their field arrays. A typical PV module is 
composed of a large number (~ 100) of linear cells in 
series. Because of the cell diode nature, these series will be 
very sensitive to small variations in the cell parameters; 
hence, the problem of random diodes in series. 
Furthermore, in the field, PV arrays form more complex 
circuits where, for example, blocks of many modules in 
parallel are connected in series. Again, since the modules 
have slightly different characteristics, the latter systems will 
belong to the class of random diode systems. A relevant 
theoretical approach is needed to understand their physics 
and optimize the design. 
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