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Searching for a hidden nano-particle (NP) inside a sample of material can be a problem if the procedure 

is not optimized or if the NP is not visible by any other means.  We will describe in some detail a 

method, developed over a number of sessions that we found to reliably yield a satisfactory result and 

hence a clue to the processing steps required to solve the problem. 

 

In the case where a small defect is known to exist in a sample taken from an optical fiber (because it has 

been detected with an optical microscope), a focused ion beam (FIB) can reveal the defect and an SEM 

can analyze it using EDS. An optical microscope is able to locate (and mark) the defect to within a few 

microns inside the fiber; and a cleave is produced such that the defect is a few microns below the 

cleaved surface.  

 

A trench is opened a few microns in front of the defect using a FIB current of several tens of nA (not too 

much or the fiber might melt or the charge may be too great for its limited conductivity to discharge).  

The cross-section is cleaned with a few nA of 30 keV FIB current before a 3D process of successive 

slices are taken as the FIB linescan is advanced about 22 nm per slice (or half the nominal beam 

diameter) as shown schematically in Figure 1 and back-scattered electron (BSE) images are formed 

 

The target would be destroyed by about four slices, optimally the middle slices open the target fully (i.e. 

cuts it in half). It is easy enough to miss the target completely if the process is not carefully 

administered, and so a little forewarning is useful. Imaging with 15 keV SEM using BSE detection 

allows a few slices ‘warning’ of the approaching target – since a micron sized glow is seen where the 

defect will appear as shown in figure 2 (a), maximum BSE contrast settings are advised. 

 

Once the target vicinity is reached a different process (polishing) is adopted with an additional 2° stage 

tilt angle (grazing); and a small area scan is defined for a 5 keV FIB. Nominally about 30 nm is removed 

in a few seconds, followed by a slower scan BSE image; since it is hard to image well while polishing.  

After a few bursts of polishing the target is revealed and may be characterized at high resolution by 

lower kV SEM imaging and X-ray microanalysis.  A model of a 100 nm diameter Pt NP buried 150 nm 

below the surface of a silicon matrix was constructed using the simulation software CASINO [1] to 

illustrate the well-known effect seen in figures 2(b) and (c). 

  

Figure 3 shows a 15 keV backscattered electron image of the high atomic number defect whose size is 

indeed about 100 nm. EDS confirmed it was an heavy element inclusion (Pt M line) and this method of 

looking for a micron sized glow on the surface of the cross-section really works well when the buried 

defect is made of a heavy element embedded in a lower mean atomic number matrix.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Sampling scheme in search of a single NP (blue dot), the FIB took an SEM image 

automatically after each slice.  Once the glow was seen (by 2 observers) the process was manually 

stopped and changed to a lower energy polishing method to reveal the NP. 

(a) (b) (c) 

 

Figure 2(a) BSE image showing the glow about 10 m below the top surface, (b) a CASINO model for 

simulation and (c) the simulation result – showing enhanced emission from the area above the NP. 

 

Figure 3 Back-scattered electron image showing a NP  
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Sampling volume:  

10 x 30 x 20 = 6000 m
3
 

Slice thickness nominally 22 nm 

Target dimension 

~100 nm 

10000/22 = 500 slices @ 10sec per slice 

 = 5000 sec. i.e. approx. 83 mins. 

Slicing time (1 nA ion beam) 6 seconds 

Imaging time (15 keV e
-
 beam) 4 seconds 
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