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In PACVD techniques, plasma chemistry is known to be intimately linked to the physical and 
chemical characteristics of the deposits. Depending of plasma type and conditions, such as type 
of discharge (DC, RF, MW…), total pressure, flow and voltage, the interplay between 
physically driven effects (such as sputtering, implantation…) and chemically activated 
processes (nucleation, etching, recombination..) can be addressed in order to select the desired 
film properties. Therefore the diagnostic of the underlying chemical reactions in the plasmas 
becomes paramount. Some insight into the diverse mechanisms leading to film formation can be 
obtained through the monitoring of species contributing very little to the deposition but 
providing unambiguous information on the interactions between the dominant film precursors in 
the reactive plasma. Their monitoring by conventional methods (mass spectrometry, optical 
spectroscopy, laser techniques…) is sometimes either time consuming or cumbersome, and their 
quantitative analysis is typically subjected to large errors. In the present work, a relatively 
simple technique for the task is described and its application documented. It is based in 
conventional mass spectrometry, but it allows for integration of small signals and discrimination 
among species with overlapping cracking patterns. The Cryotrap-Assisted Mass Spectrometry 
(CTAMS) technique, which has been previously described (1), uses an intermediate trap, kept at 
liquid nitrogen temperatures, for the depletion from the gas phase of condensable species, thus 
allowing for the integration of the corresponding signal upon release in a temperature ramp 
performed in a separate chamber. Three type of measurements by mass spectrometry (MS) 
provide the information required for the interpretation of the chemical composition of the gas 
sampled from the discharge: recording the MS at room temperature, during the cryo-trapping of 
the condensable species and during their thermal release by a controlled heating ramp. 
Depending of the location of the trap respect to the plasma, active (radicals, direct line of sight) 
or stable (bypass) species can be condensed. Also, control of the actual temperature into the 
cold elements of the trap allow for selective discrimination of the detected products.  
In the present work, some examples of the application of the technique to reactive plasmas will 
be shown. I particular, the deposition of a-C:H films from He-H2/Hydrocarbon mixtures in a DC 
Glow Discharge Plasma has been investigated by CTAMS. Besides good discrimination among 
C2 hydrocarbon production with overlapping cracking peaks, concentrations of C3 
hydrocarbons (allene, propyne) as low as 50 ppm of the injected hydrocarbon were recorded by 
the technique ( Fig.1). In H2/N2/CH4 plasmas, of interest in a-C:N:H film deposition and in the 
scavenger technique for co-deposit inhibition in Fusion plasmas (2), the technique has particular 
appeal. The strong overlapping at masses 14-30 resulting from the simultaneous presence of 
hydrocarbons and N-bearing small molecules (ammonia, HCN, N2) makes almost impossible 
the unambiguous characterization of the release products from the plasma. Application of 
CTAMS to the diagnostic of the exhausted gases enables good discrimination among species 
with overlapping MS signatures. Thus, a clear evidence of acetylene formation by the effect of 
nitrogen addition to the plasma, as opposed to HCN, was shown for the type of plasmas used in 
the study. An important hint on the underlying mechanism is obtained by the detection of  
C2NH3 compounds, tentatively ascribed to acetonitrile. The possible decomposition at low 
temperatures of one reaction intermediate, possible precursor of acetylene formation, was also 
identified by CTAMS. 



 

 
 
Fig. 1 Sequential release of trapped species from a  Methane/Hydrogen plasma. A heating ramp of  

60 mK/s was used. 
 

In this work, an account of the CTAMS analysis of  a-C(N):H film deposition from different 
hydrocarbon/carrier mixtures  and the mechanistic implications of the results will be given. 
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