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In an industrial setting many of the samples analyzed, as received, by X-ray Photoelectron Spectroscopy 

(XPS) and/or Time of Flight Secondary Ion Mass Spectrometry (ToF-SIMS) reveal a hydrocarbon 

signature that, if not intrinsic, results from processing, handling, and/or ambient exposure.  With the 

high surface specificity of XPS and especially ToF-SIMS the contamination (hydrocarbon, and/or 

silicones) signal can attenuate and/or mask the signals of species of interest.  To counteract this issue, an 

in-situ ion beam is often used to remove the outer layer of a sample surface via sputtering and thus 

remove contaminants.  However this erosion process is inherently destructive and can alter the surface 

of interest and/or change the topography/microstructure of the surface.  Moreover there are also many 

materials that cannot be cleaned with this method as the material(s) may decompose and deposit a layer 

of fragments onto the surface of the material to be analyzed.  Thus an alternative to sputter cleaning is 

sought. 

 

Herein we report use of a plasma-chemical method to prepare samples for analysis.  An Evactron 10 de-

contaminator plasma cleaner was mounted onto the top flange of the load lock of either (i) a Kratos 

AXIS Ultra DLD XPS instrument or (ii) an Ion Tof TOF SIMS IV instrument, providing line of sight 

exposure of the samples to the plasma.  Ambient air was used as the plasma media in both the XPS and 

ToF-SIMS work reported here.  In both instruments, the turbo molecular pump was located 180 degrees 

opposite from the Evactron cleaner to ensure samples were located along the effective path of gas 

transport.  Samples were first analyzed in their as-received state by XPS or ToF-SIMS then were 

returned to the load lock for plasma cleaning of a chosen duration.  The samples were then returned to 

the analysis region of the main chamber and analyzed.  It should be noted that once loaded in either 

analysis system the samples were not subsequently exposed to ambient air.   This cleaning and analysis 

sequence was repeated multiple times.   

 

Figure 1 shows positive ion ToF-SIMS spectra collected on the Si sample that had a thin native oxide 

layer. The top panel is as-received (no plasma cleaning) where a typical hydrocarbon signature 

dominates the spectrum.   Ten minutes of plasma cleaning (second spectrum from the top) removed the 

majority of the surface hydrocarbon species; the intensity of the Si peak now dominates the spectrum.   

Removal of the outer layer of hydrocarbons also resulted in an increase in the Na, K and Ca signals.  A 

peak is also observed at 45 amu, corresponding to SiOH as well as 18 amu (NH4).  After a total of 20 

minutes plasma treatment (two 10 minute treatments) only a small amount of hydrocarbon species 

remain.   

 

The top panel of Figure 2 reveals a positive ion ToF-SIMS spectrum measured on a piece of paper 

which had been exposed to PDMS, and this spectrum is dominated by peaks that are characteristic of 

PDMS.   The lower spectrum was collected following twenty minutes of plasma exposure and now the 

peaks characteristic of PDMS are absent and the spectrum now displays the hydrocarbon composition of 

the paper. Figure 2 demonstrates, for the first time, that plasmas generated in low pressure ambient air 

can be used to remove unwanted PDMS contaminants in vacuo.   

 



Figure 3 shows the C1s (left) and Si2p (right) XPS spectral regions measured on the Si sample which 

had a thin native oxide layer.  The traces shown in red were measured on the as-received sample while 

the traces shown in green were measured following in-situ plasma cleaning in the load lock of the XPS 

instrument. It is concluded from these data that the plasma treatment removed all of the carbon surface 

contamination and while causing minimal changes to the Si2p spectral region.  It is important to note 

that nitrogen is not detected by XPS.  Depth profiles of XPS measurements indicate that the oxygen 

concentration rapidly falls to zero away from the surface, verifying that the oxygen is associated only 

with surface oxidation.    

 

We are currently configuring the apparatus to allow for generation of inert gas plasmas such as Ar.   

 

  
Figure 1: Positive ion ToF-SIMS spectra   Figure 2: Positive ion ToF-SIMS spectrum 

collected on the Si sample which had a thin   measured on a piece of paper (top); the spectrum 

native oxide layer.      is dominated by peaks characteristic of PDMS.  

 
Figure 3.  XPS C1s (left) and Si2p (right) high resolution spectra of the Si sample; red is prior to plasma 

cleaning and green is after in-situ plasma cleaning. Note that the binding energy scales of the Si2p 

spectra have been charge-corrected to the O1s signal for the Si-O bonding at ~533.0 eV.    


