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Silicon solar cells, which have been in development for several decades, offer a clean, zero emission 
alternative to fossil fuels. Polymer solar cells built from thin films of organic semiconductors have 
various advantages over silicon based cells, such as lightweight, flexibility, disposability, and low 
fabrication cost [1]. However, conventional polymer PV cells, whose active layer is sandwiched 
between a high-work-function transparent indium tin oxide (ITO) anode and a low-work-function 
metal cathode, have short lifetimes. In order to improve cell stability, an inverted PV cell structure 
was proposed [2,3]. This structure enhances the stability to a level greater than that of conventional 
polymer PV cells by reversing the direction of charge flow. This is accomplished using a high work 
function metal (Ag, Au) as the hole collecting electrode and a metal oxide (TiO2, ZnO) as the electron 
selective contact, as shown in FIG. 1. Although the inverted cells show greater operational stability 
than conventional cells, their reliability is not within the acceptable range for real applications. In this 
study, the origin of instability in inverted polymer PV cells was investigated using HRTEM. 
 
Inverted polymer PV cells were fabricated on the ITO/Glass substrate by sequentially spin coating 
and drying TiO2 nanoparticles, the active layer (P3HT:PCBM, with ratio of 1:0.8), and PEDOT:PSS. 
The silver top electrode was then deposited. Cross sectional TEM samples were prepared from a 
device stored in dark for three months after fabrication and the device additionally exposed to ambient 
environment for eleven weeks after the lightless storage period using a FEI Nova 200 NanoLab 
focused ion beam (FIB). HRTEM and EDAX analyses were conducted using JEM-2100F.  
 
FIG. 2a shows a cross sectional HRTEM image of an inverted polymer PV cell stored in dark for 
three months after fabrication. The interface between the silver electrode and PEDOT:PSS layer is 
clear and well defined. In contrast, there is a noticeable change in the interface for the sample stored 
in ambient lighting for eleven weeks (FIG. 2b). The change mainly occurred in the top silver electrode 
and PEDOT:PSS layer. Various crystalline particles were observed in the PEDOT:PSS layer, as 
shown in an inset of FIG. 2b. EDAX analysis confirmed that the particles consist of silver (FIG. 2c). 
Considering that the morphology change of silver is localized at the interface with PEDOT:PSS layer, 
it appears that this change came from the reaction between the two layers. The fact that no 
morphology change in the top electrode was observed after storage for three months in dark indicates 
that light is involved in the reaction. Sudden drops in device performance during operation in inverted 
PV cells (FIG. 1) suggest that this reaction is accelerated during light exposure. Nano-structural and 
chemical analyses of the interfacial reactions will be given and discussed in detail. 
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FIG. 1. Degradation of electrical performances (open circuit voltage (VOC), short circuit current (JSC), 

fill factor (FF), and energy conversion efficiency (Eff)) of conventional polymer PV cell (left) and 
inverted polymer PV cell (right) during the reliability tests. Durability was determined when Eff. 
becomes zero.  
 

 

FIG. 2. Cross sectional HRTEM images showing the interface between silver and PEDOT:PSS layer 
of inverted polymer PV cell conserved in dark for three months after fabrication (a) and after 
additionally exposure to ambient environment for eleven weeks (b). Inset in (b) is an enlarged image 
of silver particles formed at the interface. (c) EDAX spectrum measured on the silver particle. 
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