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Measurements and calculations are presented on the brightness and energy spread of a new type of ion 

source.  Focused ion beam (FIB) applications stand to gain significantly through the introduction of new 

sources with higher brightness, a choice of ionic species, and a small energy spread.  Our source, which 

builds on previous ion sources based on ionization of laser-cooled, trapped neutral atoms [1], employs 

three stages of laser-cooling [2] of a neutral atomic beam followed by photoionization.  Based on a 

prototype Cs
+
 source, our results lead to projections of the focal spot size and total ion beam current that 

could be achieved in a FIB tool incorporating the new ion source.  These projections indicate 

considerably improved performance relative to the industry standard gallium liquid metal ion source 

(LMIS), making the source an attractive candidate for high-resolution nanomachining FIB applications.   

Additional analytical capabilities may also be possible through improvement in the performance of site-

specific secondary ion mass spectrometry (SIMS).   

 

The source makes use of a laser-cooled atomic beam of cesium formed by a two-dimensional magneto-

optical trap (2D-MOT), which is configured to produce a beam of high atomic current (5×10
10

 s
-1

) and 

low velocity (10 m/s).  The beam passes through a magneto-optical compressor which reduces its 

transverse profile to a nearly Gaussian distribution with a measured one-sigma size of approximately 

60 µm along each of the transverse axes of the beam.  After compression, the beam is further cooled 

with an optical molasses[3] to a measured temperature of (30 ± 10) µK. The cold, compressed beam is 

then photoionized by a pair of laser beams at 852 nm and 508 nm which drive the neutral Cs atoms in 

the beam from their ground state to the ionization threshold.  The two beams are at right angles to the 

atomic beam axis and are tightly focused with an overlap volume of a few cubic micrometers.  A 

uniform electric field is applied in the vicinity of the photoionization region to form a Cs
+
 ion beam.  A 

schematic of the source is shown in Fig. 1.   

 

A combination of measurements and modeling was employed to establish the brightness and energy 

spread of the ion source.  The measurements consisted of total beam current, as well as spatial and 

thermal characteristics of the neutral atomic beam.   The model, which uses the measured beam 

characteristics as input, describes the cross-sectional current density and spatial distribution of ions 

created in the source, allowing determination of the beam’s brightness and energy spread.  The model 

was found to accurately predict the output beam current of the source.  A comparison between the model 

predictions and the measured total beam current is shown in Fig. 2.  The results of our measurements 

and modeling indicate for our prototype system a peak brightness of 2×10
7
 A m

-2
 sr

-1
 eV

-1
, and an 

energy spread less than 0.34 eV. 

 

Inter-ion Coulomb forces may reduce the source’s brightness by increasing the transverse velocities of 

produced ions [4, 5].  Monte-Carlo simulations were carried out to determine the extent to which these 

interactions affect the source brightness for several chosen ionization beam configurations.  These 

simulations indicate that the brightness remains above 1×10
7
 A m

-2 
sr

-1 
eV

-1
 despite inter-ion forces. 



 

A brightness greater than 1×10
7
 A m

-2 
sr

-1 
eV

-1 
and energy spread less than 0.34 eV imply that, when 

coupled to an optimized ion acceleration and focusing column, a d50 (diameter containing 50% of the 

current)  of less than 1 nm should be achievable.  The source has also achieved total currents over 5 nA, 

albeit at a reduced brightness.  With further refinement and a proper acceleration and focusing column 

design, this new Cs
+
 source may provide a versatile solution for FIB nanomachining and analysis. 
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Figure 1.  Schematic of the ion source, showing the four stages of ion beam production: 2D magneto-

optical trap with pusher laser beam (2D
+
 MOT), magneto-optical compressor, optical molasses, and 

photo-ionization. 

Figure 2.  Measured beam currents (symbols) and model predictions (solid lines).  Dependence on 

508 nm laser power P2 is shown at 852 nm laser power P1 values of 1 nW (green, inverted triangles), 

2 nW (magenta, triangles), 10 nW (red, squares) and 100 nW (blue, circles).  Further measurements (not 

shown) suggest the discrepancy at high values of P1 and P2 is due to 852 nm photon rescattering that 

results in spurious current outside the modeled source region;  this spurious current could be removed 

from the beam by a simple aperture in a practical implementation. 


