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The efficiency of industrial, single-crystalline Si solar cells strongly depends on the front side 

metallization deposited by screen-printing. The metallization should provide a low contact resistance 

and minimize all other electrical loss mechanisms. This is a challenge given the large number of 

chemical elements present in commercial screen-printing pastes and the thermal contact firing during the 

metallization process. Commercially available front side pastes (FSP) typically consist of silver 

powders, glass frits, and organic constituents. During contact firing, the glass frit is supposed to etch 

through the antireflection coating (usually SiNx) enabling an ohmic contact to the emitter of the solar 

cell. The screen-printed and fired contacts of Si solar cells show a complex interfacial region containing 

a resistive glassy layer with embedded conductive metallic colloids. The electron microscopic analysis 

done so far concentrated on pure structural characterization, hardly any spectroscopic data can be found 

in the literature. In view of these shortcomings a substantial understanding of the structure-property 

correlation cannot be easily gained. 

Our approach to the characterization of screen-printed silicon solar cells is a combination of electrical, 

chemical, and microstructural analysis linking the macroscopic world (cm range) to the micro- and 

nanometer level (Fig. 1a). Fig. 1b shows a typical industrial Si solar cell and Fig. 1c shows the sample 

preparation procedure for electron microscopy. Two different Ag containing commercial front side 

pastes (FSP1 and FSP2) were used for the screen-printed front side metallization yielding similar 

efficiencies but significantly different specific contact resistances and microstructures. 

The Si-metallization interface was investigated by electron microscopy combined with energy- 

dispersive X-ray spectroscopy (EDX). Fig. 2 shows results obtained by Scanning Electron Microscopy 

(SEM). In Fig. 2a and Fig. 2c backscattered electron images in plan-view highlight the phase 

distribution on the micron scale. Fig. 2b and d are magnified views of the Si-metallization interface. The 

Si metallization interface was markedly different for the two pastes used for the front side metallization. 

FSP2 yielded a continuously wetted Si surface, the wetting glass layer (thickness about 1 µm) contained 

metallic colloids of sizes up to 200 nm. In the FSP2 the density of these nano Ag-colloids was much 

larger than in FSP1. FSP1 did not show a continuous glass layer rather agglomerations of the glass phase 

and a low density of embedded nano Ag-colloids at the Si-metallization interface. Zn-rich oxide grains 

were observed in a larger density in the FSP1 sample as compared to FSP2. 

Fig. 3a and Fig. 3b are energy-filtered transmission electron microscope (EF-TEM) images in plan-view 

yielding phase maps of both samples in the 10 nm range. Nano Ag-colloids embedded in the glass layer 

yielded sizes between 5 nm and 150 nm. Their importance for the percolative current path will be 

discussed. EDX spectra of the metallic colloids, i.e. metallic Ag, and the glass layer are shown in Fig. 

3c-d. 

With this study we could directly relate the specific contact resistance to the observed microstructure at 

the Si-metallization interface. Details of the microstructure will be used to discuss a model for the 

current path at the Si-metallization interface.  
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Figure 1.  (a) Analysis scheme for Si solar cells, (b) industrial Si solar cell, and (c) SEM and TEM 

sample preparation methods.   

 

 
 

Figure 2.  False color phase mapping of backscattered electron images of (a) sample 1 (FSP1) and (c) 

sample 2 (FSP2) in plan-view obtained in a scanning electron microscope. (b) and (d) are enlarged 

views of the Si-metallization interface of sample 1 and 2, respectively. 
 

 
 

Figure 3.  Energy-filtered transmission electron microscope images yielding a phase map of the Si-

metallization interface for (a) sample 1 and (b) sample 2 in plan-view. (c) and (d) are energy-dispersive 

X-ray spectra of a nano Ag-colloid and the glass phase of sample 2, respectively. 


