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Depth profiling (1D or 3D) is often used to determine the depth distribution of species in a material. Depth 

profiling works well when the surface of a sample is smooth and when the depth(s) are in the nm to micron 

thickness range. For thicker layers, one can mount the material in epoxy and generate a cross section 

which can be imaged. Unfortunately, cutting and polishing often damages (or at least smears) fragile 

materials such Li ion batteries. Over the two past decades, Focused Ion Beam (FIB) has proven to be a 

viable approach to expose sub surface layers 10s of microns thick which is often analyzed by SEM or 

TEM in conjunction with EDS [1]. Unfortunately, most EDS detectors are not able to detect light species 

such as Li and C (especially at the degraded vacuum which most SEM’s operate under), and definitely 

can not detect H. ToF-SIMS not only detects all elements (and their isotopes), it also allows for the analysis 

of molecular fragments which is often critical for understanding the material. FIB/ToF-SIMS has been 

used to analyze other material systems [2, 3]. 

In this poster, we provide preliminary in-situ FIB/ToF-SIMS results which were generated on an anode 

extracted from a Li ion battery. Figure 1 shows the configuration of the ToF-SIMS instrument (M6, 

manufactured by IONTOF) used for the analysis reported here. A 30kV Ga
+
 ion beam was used to generate 

FIB cuts which exposed sub surface areas ~60 mm deep. The ToF-SIMS analysis were performed using 

a 30kV Bi
+
 ion beam. The left panel of Figure 2 shows a few negative ion ToF-SIMS images of the FIB 

prepared cross section; the negative ion images are normalized to the total negative ion image to minimize 

topography and increase chemical contrast. 

ToF-SIMS data contain a wealth of information as a full mass spectrum is saved at every voxel. ToF-

SIMS data are ideal candidates for multivariate statistical analysis (MVSA) which boils the massive 

amount of information into a handful of factors [4, 5]. The right panel of Figure 2 shows four of the factor 

images which were generated using the Multivariate Curve Resolution (MCR) MVSA algorithm [4, 5], 

each factor image has a corresponding mass spectrum (not shown). Factor 1 reveals smearing from the 

FIB procedure, Factor 2 is enriched in F and NaF, Factor 3 is enriched in hydrocarbons C9 and smaller, 

and Factor 4 is enriched in O, Cl, and CxHy (x = < 3). 

In order to simultaneously obtain high lateral resolution images at high mass resolution, analysis are 

planned using the delayed extraction data collection mode [6]. 
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Figure 1. Top down view of the ToF-SIMS instrument (left panel) and sample orientation for both FIB 

preparation and ToF-SIMS analysis (right panel). 

 
Figure 2. Negative ion ToF-SIMS images, which are normalized to the total ion image to reduce 

topography and increase chemical contrast (left panel) and four MVSA factor images (right panel), the 

corresponding spectra for each image is not shown.    
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