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We present a new nanoscale imaging technique based on detecting backscattered ions from a lithium 

focused ion beam (FIB).  Scanning ion microscopes are of general interest as they provide image 

contrast that differs from scanning electron microscopes (SEM), as has been demonstrated with the 

traditional gallium FIB and the helium ion microscope [1].  Like helium, the low mass of lithium makes 

it ideal for imaging applications where sample sputtering must be minimized.   Our lithium ion 

microscope has the additional advantage of operating at beam energies much lower than the gallium or 

helium microscopes, giving excellent surface sensitivity at high resolution.  Imaging with backscattered 

ions is of particular interest as they provide elemental contrast and are relatively insensitive to charging 

effects.  We present images and measurements showing the current capabilities of our instrument and 

demonstrate an example application.   

 

The lithium FIB uses a magneto-optical trap ion source, a recently developed ion source which takes 

advantage of the ultracold temperatures achievable with laser cooling and has the potential to extend 

high brightness FIB applications to a wider range of beam energies and ionic species [2].  Neutral 

lithium atoms are laser-cooled and trapped at a temperature of about 600 µK.  The atoms are photo-

ionized in an electric field, and the ions are accelerated and coupled into a conventional ion optical 

column with beam energies of a few hundred to a few thousand electron volts.  At a beam energy of 2 

keV this source has demonstrated a focal spot of 27 nm at a current of 1 pA [2].  An annular 

microchannel plate detector mounted at the base of the ion optical column enables efficient detection of 

both secondary electrons and backscattered lithium ions.  

 

A comparison of the two imaging modes is shown in Fig. 1.  Unlike secondary electrons, backscattered 

ions leave the surface carrying a significant fraction of the incident beam energy, making them much 

less sensitive to surface charging.  Another advantage of imaging with backscattered ions is the presence 

of elemental contrast in the images.  We have measured backscatter yields for pure elemental samples 

and find that the yield generally increases with atomic number and can be greater than 50 % for high 

atomic number targets.  The low energy of our ion source also allows the possibility of adding nanoscale 

imaging to surface science applications traditionally probed with low energy ion scattering (LEIS) [3].  

Typical LEIS instrumentation is limited to relatively large probe sizes of millimeter scale.  Our system is 

capable of sub-micrometer resolution for beam energies as low as a few hundred electron volts.   

 

As an example application of the new imaging mode, we present backscattered ion images of the 

residual layer etch step in a nano-imprint lithography (NIL) process.  We use NIL to imprint various 

patterns in NXR-1025 thermal imprint resist on a silicon substrate.  Oxygen plasma etching is used to 

remove the bottom residual resist and expose the printed area on the substrate, as shown in Fig 2(a) for a 

400 nm grating test pattern.  Stopping etching after the residual layer is removed is a critical step in a 

NIL process [4].  Cross-section SEM has been used to monitor the etching progress, but that technology 



requires coating with a conductive layer and typically destroys the sample, which is not practical in real 

NIL process control.  By taking lithium ion images at increasing etch times [Fig. 2(b)-(d)], we observe 

the resist removal as a stark change in contrast when the relatively high atomic number silicon substrate 

becomes visible to the ion beam, compared to the low atomic number organic resist.  The uniquely low 

penetration depth of the lithium FIB (about 20 nm at 2 kV) prevents imaging of this substrate through 

the thin layer of residual resist.  Backscattered lithium ion images therefore provide non-destructive 

residual layer etching control in NIL fabrication, an accomplishment not yet achieved with other 

instruments.  We expect there to be a variety of similar applications where our unique combination of 

good surface sensitivity, immunity to charging, and elemental contrast can provide an improvement on 

existing technologies [5].   
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Figure 1.  (left) Secondary electron and (right) backscattered ion images of a metal on oxide test pattern.  

The backscattered ion image shows elemental contrast and is immune to the charging effects seen at the 

interface in the secondary electron image. 
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Figure 2.  Backscattered ion images of a NIL grating.  (a) Schematic of etching process.  (b)-(d) Images 

before etching, after a partial etch, and after a full etch.  Before and during etching, the contrast is from 

topology, with the valleys of the grating appearing dimmer than the peaks.  After etching, there is 

elemental contrast between the exposed silicon in the valleys (bright) and the resist on the peaks (dark).  

The thinner resist lines in (d) indicate that some lateral etching has occurred.  All samples are uncoated.  
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