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Since the first experiments in the 1980s, laser-cooled 

atoms have enabled great progress in many applications, 
ranging from atomic timekeeping and trace isotope 
detection to quantum information processing.  In this talk, I 
will discuss a new application that promises to have great 
value in the area of nanoscale imaging and fabrication.  We 
have realized a source of ions that utilizes the ultracold 
temperatures achievable with laser cooling to produce an 
ion beam that not only has very high brightness, but also 
provides a wide choice of ionic species and a narrow energy 
spread.  These beam characteristics are highly desirable for 
producing nanoscale focused ion beams (FIBs), which 
represent one of the most important tools in nanotechnology 
today. 

Conventional FIBs achieve their brightness by 
extracting ions from an extremely sharp tip.  Our source 
obtains its brightness in a very different way: cold atoms are 
photoionized in a process that retains their extremely small 
thermal transverse velocity spread, resulting in a beam with 

a very high degree of collimation.  This collimation results 
in a brightness that rivals or even exceeds conventional FIB 
sources.   

Our first prototype consists of a Li magneto-optical trap 
coupled to a conventional FIB column (Fig. 1).  This 
arrangement has enabled us to produce a focused Li+ beam 
with energy between 500 eV and 4 keV, current from 1 pA 
to 15 pA, and focal spot size as small as 27 nm.1  This 
system has demonstrated high quality imaging using both 
secondary electrons and backscattered ions (Fig. 2).   

While the MOT-based source has proven useful in 
microscopy and implantation applications, its brightness is 
fundamentally limited by the rate of diffusion of cold atoms 
into the ionization region.  To address this we have 
developed a new source based on a cold atomic beam that is 
produced in a 2D MOT, then compressed and further cooled 
before ionization.  A prototype of this source using Cs 
atoms2 has demonstrated a brightness over ten times higher 
than conventional FIB sources, opening the possibility of 
greatly improved high-precision ion milling for 
nanofabrication, secondary-ion mass spectrometry, and 
integrated circuit failure analysis.       
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Figure 1.  Lithium ion microscope based on photo-
ionization of laser cooled Li atoms in a magneto-optical 
trap (MOT). 

Figure 2.  Lithium ion microscope secondary electron 
image of carbon nanotube bundles embedded in epoxy. 

 


