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Ion beam based micro-beam analytical techniques 

Primary ion beam based SIMS is a method of analyzing the 

mass/charge ratio of ionized particles produced from the sample 

upon bombardment of an energetic (25 keV) primary ion beam (Bi+, 

Cs+, C60
+). 

Neutral particles 

Ions 

Electrons 

Collisional ionization 
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The SIMS process is destructive;  

Å Static SIMS (TOF SIMS):  Analytical depth is limited to top 

monolayers. 

Å Dynamic SIMS: truly destructive, high primary ion beam fluence.           

Secondary Ion Mass Spectrometry 
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Time-of-Flight  Secondary Ions 

Mass Spectrometry (TOF SIMS) 

 This mass spectrometer is able  to 

analyze an unlimited mass range with 

high sensitivity with parallel detection 

of all secondary ions collected by the 

mass spectrometer.  
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Time-of-Flight Mass Spectrometer 

TOF-MS 
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Last generation instrument 

ION TOF IV TOF-SIMS equipped with Cs, C60 and Bi ion cluster guns 

 

 

System capabilities: 

ǐ Non destructive elemental and molecular compound analysis 

ǐ High mass range (above 10,000 Daltons) and high mass resolution: 

   M/ȹM >2,000-10,000 

ǐ Detection limits in the low ppm/ppb range 

ǐ Imaging with spatial resolution down to 0.3µm 

ǐ Depth profiling with depth resolution of less than 10A 

ǐ Retrospective analysis 

 

Relevance: 
 

Benchmark technique for inorganic and organic surface analysis  

TOF-SIMS Technique 
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Acquisition of raw data 
Storage: time-of-flight (t), position (x,y)  

and measurement time (T) for each SI 

Retrospective Analysis 
4D raw data file with (x,y,z,m) for each SI  

detected allows to reconstruct spectra, profiles  

and images 

TOF-SIMS Retrospective Analysis 
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Negative secondary ion mass spectra obtained using a Bi3
+ primary beam on an unfixed sectioned rat brain 

film including the neocortex, white matter and Hippocampal formation areas.  

Nitrogen-containing 

and phosphate  

fragments 

Phosphocholine 

fragments 

Fatty acids fragments: 

Palmatate (255) 

Oleate (281) 

Stearate (283) 

Cholesterol molecule 

385 [M-H]¯  

Negative secondary ion mass spectra on a sectioned rat brain 
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Phosphocholine fragments 

Cholesterol molecule 

385 [M-H]+  

369 [M-OH]+  
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Positive secondary ion mass spectra on a sectioned rat brain 
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Analysis: 

Å    high energy beam 

Ý high lateral resolution 

Sputtering: 
Å    low energy beam 
Å    free choice of ion species 

Å    flexible angle of incidence 
Ý high depth resolution 

Dual beam depth profiling 
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Example: 

BF2 Implant in Silicon 

Å High Sensitivity 
   (detection limit 11B: 1E16 at./cm3) 

Å High Depth Resolution 
   (decay length Al: 0.77 nm) 

Å Parallel Mass Detection 
   (contaminant screening) 

Ultra Shallow Implants 
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1000A Si cap, 4 × (100A 5×1019 B/cm3, 200A Si) 
B implants in Si wafer

1000 A Si cap,
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Ultra-Shallow Depth Profiles of B implants in Si wafer 
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Corrosion on Al sample,  Plan View 

www.surfacesciencewestern.com 

3-D Cross Section Reconstructed from Raw Data 
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Optical image showing the setup 

Nissl stain with Cresyl Violet 

Staining Nissl body (ER) with aniline containing dye 

brainmaps.org Nissl stain 

Ion images of a sectioned rat brain 
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Froth flotation 
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FLOTATION PROCESS: 
 

Flotation Separation 

Diagnosis of the surface chemistry 

 

ñHydrophobic/Hydrophillic balanceò 

CONCENTRATE   
(FROTH)   

VALUE   
AGGREGATES   

INADVERTENTLY 
ACTIVATED NON- VALUE 
OR NEXT STAGE SULFIDE   

VALUE/   
NON - VALUE   
AGGREGATES   
  

PULP   

BUBBLE   

TAIL   

COMPOSITES   
(NOT LIBERATED)   

VALUE   

SULFIDE (EG  

PbS,ZnS,CuS) 
  

COLLECTOR ADSORBED  

(HYDROPHOBIC); 

  

ACTIVATED  

(CONDITIONED) 

  

NON-VALUE SULFIDE   

(EG FeS,FeS2) 
  

OR VALUE SULFIDE  

FOR NEXT STAGE 

  

(NOT ACTIVATED) 

  

GANGUE   

 (EG SILICATE, 
  

ALUMINOSILICATE) 
  

Why the Loss? 



8 

www.surfacesciencewestern.com 

   

Figure 2. Concentrate versus tail scatter plots showing the 

distribution for Pb and Cu versus Zn on sphalerite surfaces. The

data are normalized by total ion intensity and area.
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Figure 1. Secondary ion image (map) for Zn in the concentrate. Area in the image is 

300x300 microns. Positive ion spectra from the surface of sphalerite in the concentrate 

and tails in the mass region for Pb (205.5 to 208.5 amu). The data in the spectra are 

normalized by total ion intensity.
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sphalerite surfaces 

Con 
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Surface analysis applied to 

mineral processing: Case #1 

Flotation products 

Inadvertent activation  

www.surfacesciencewestern.com 

 Dynamic  SIMS 

D-SIMS System Capabilities: 

Á Elemental and isotopic survey analysis covering the entire periodic table 

Á Quantitative microanalysis with minimum detection limit of 100 ppb 

Á Elemental depth profiling 

Á Imaging with 1µm spatial resolution 
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Magnetic sector mass spectrometer 
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Å SG tubing from four Canadian nuclear stations examined (in service from 1.5 to 26 years).  

Å SG tubing may experience measurable aging (change in composition/microstructure) after many years of 
service  

Å Precipitation of some elements had occurred. 

Å Increased B (as BO) precipitation as a function of # of years in 

service. 

Area\Tube 

ID 

D4 SG3 R54C76 
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PLGS SG3 R32C65 
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Corrosion studies: D-SIMS study on aging of tubing 

 used in nuclear stations 


