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Time of flight secondary ion mass spectrometry (ToF-SIMS) is a surface analysis technique that is able 
to detect species present at low (ppm to ppb) concentrations as well as provide the spatial and/or depth 
distribution of the species [1].  Both, elemental species (including hydrogen) and high mass molecular 
fragments are present in the ToF-SIMS spectrum [1-3].   ToF-SIMS raw data files contain a wealth of 
information since an entire mass spectrum is saved at each pixel in an ion image or at each voxel in a 
depth profile measurement.  These assets make ToF-SIMS a very valuable tool for the analysis of real 
samples in an industrial setting where the analyst may not know which species are present.  

Time of flight secondary ion mass spectrometry (ToF-SIMS) raw data files contain a tremendous 
amount of information about the sample that was analyzed [4]. Currently, few tools are available to 
assist the analyst in visualizing the entire raw data set and as a result, most of the measured data are 
never analyzed.  Typically, the ToF-SIMS analyst manually selects a few species to monitor based upon 
input from the customer, knowledge of results obtained from similar past analysis, high peak intensity 
and/or unusual species detected in the spectrum. Manual analysis is complicated by the fact that little is 
known about real-life samples prior to analysis in an industrial setting. The analyst is expected to 
perform rapid, cost effective, analysis and provide a complete evaluation/description of the data 
set/sample.  Automated, non-biased, multivariate statistical analysis (MVSA) techniques [4,5]  are 
useful for converting the massive amount of generated data into a smaller number of chemical 
components (spectra and images) that are needed to fully describe the ToF-SIMS measurement. 

In this presentation, I will highlight the benefits of ToF-SIMS analysis via examples.   I will start with 
“simple” examples where manual analysis was able to directly answer the questions being asked (Figure 
1 below).  I will also show ToF-SIMS data which need careful interpretation to be scientifically 
meaningful (Figure 2).  The later part of the presentation will focus on the importance of unbiased 
MVSA analysis. 

Figure 1 shows ToF-SIMS spectral windows and images for Cu (left) and Au (right). Note that high 
mass resolution was required in order to differentiate Cu from the dominant peak (C5H3) as both are 
present at nominal mass of 63 amu.  For this sample, other techniques such as EDS and Microprobe 
were not able to detect the low amount of Cu (less than 900 ppb).  Within a few minutes of being 
inserted into the instrument, ToF-SIMS revealed that Cu was indeed present and where it was located.       

Figure 2 is a ToF-SIMS color overlaid image collected on a human hair sample.  Si is red, Ca is green, 
and CH3 is blue.  Imaged area is 170 x 170 microns.  The distribution of Si on the fractured cross section 
can not be attributed to the penetration of conditioner into the hair as silicone species are highly mobile 



at room temperature.  Detecting conditioner through the depth of a hair cross section would require 
cooling the sample to cryogenic temperatures and fracturing the sample in-situ prior to analysis.   

Figure 3 shows 3D MVSA analysis which were performed on a ToF-SIMS depth profile measurement.  
Each color represents a chemical component; each component is represented by a full mass spectral 
signature which facilitates understanding species association.   
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Fig. 1 ToF-SIMS spectral windows and images for Cu (left) and Au (right).  
	  

	   	  
	  
Fig. 2.  Color overlay image collected on a human hair sample.  Si is red, Ca is green, and CH3 is blue.  
Imaged area is 170 x 170 microns (left).  
Fig. 3.   3D Color overlay images of MVSA analysis of a ToF-SIMS depth profile through gold (blue) 
on CdZnTe (red);  unexpected and non-uniform contaminants are detected at the interface (light blue 
and green).  The surface has two different contaminants (white and purple).   Each color (component)  is 
represented by a MVSA spectrum.   X=Y = 200 microns, Z ~ ¼ micron.  
 


