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1. Introduction 

Solid-state thin film batteries based on lithium 
phosphorous oxynitride (Lipon) are a strong 
candidate for compact and high power density 
sources needed for various portable electronic 
devices [1]. A rechargeable thin film battery 
electrolyte needs to show high ionic conductivity, 
to be free of porosity or cracks, and not to 
decompose in contact with the anode. So far, 
several thin film deposition techniques have been 
used to produce Lipon films with different 
properties [2]. Magnetron sputtering with a 
deposition rate below 3 nm/min shows good 
electrochemical properties. Despite extensive 
research the role of nitrogen is not yet well 
understood [3]. The aim of this work is to 
correlate the plasma and thin-films properties 
employing detailed plasma diagnostics by mass 
spectrometry, optical emission spectroscopy and 
probes in a plasma assisted magnetron sputtering 
device.  

 
2. Experimental setup and discussions  

Experiments are performed in a 3×4 matrix 
configuration of distributed ECR plasma cells 
placed at the top of a 40×40×40 cm vacuum 
chamber (see Fig. 1). The cells can produce a 
uniform plasma in a pressure range from 10 
down to 0.1 mTorr. A 2 inch magnetron 
sputtering cathode is placed on the lateral side 
facing the head of a Hiden mass spectrometer. A 
Langmuir probe and an optical fiber are inserted 
perpendicular to the direction of the mass 
spectrometer and cathode as to measure plasma 
parameters and optical emission spectra. The 
target made of Li3PO4 is provided by Kurt Lesker 
®. Lipon films are deposited onto Au-coated 
silicon substrates using different values for N2 
flow and RF power in a controllable nitrogen 

flow. A ceramic mask is used to delineate 
deposition areas of 10×10 mm. The substrate was 
not heated nor biased during the sputtering. The 
typical deposition rate was 2.4 nm/min for 100 W 
RF power for a total thickness of about 1 µm. A 
thin film of silver was deposited on top of the 
Lipon.    

 
 

 
 
 
 
 
 
 
 
 

Fig. 1 RF magnetron sputtering assisted by 3×4 matrix 
ECR plasma cells.  

The ionic conductivity was measured by 
impedance spectroscopy and the microstructure 
was investigated using focused ion beam 
scanning electron microscopy. The highest 
conductivity of 2.1×10-6 S/cm was obtained at 5 
mTorr for 100 W RF power, where the 
dissociation degree of nitrogen was also highest 
both detected my mass spectrometry and optical 
emission. Further investigations are necessary in 
order to correlate the measured parameters with 
the role of nitrogen in controlling the ionic 
conductivity.  
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