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Sextuplet Quadrupole Lens System for 

Focusing Charged Particles 

Charged particle focusing systems have many valuable uses, including those wherein the charged particles 
are accelerated. The focusing systems for many charged particle systems employ multiple quadrupole 
lenses in parallel with the optical axis.  
For high energy applications, increased 
beam current is desired and this can be 
achieved by enlarging the effective 
beam converging angle. However, the 
size of the beam converging angle is 
limited by the spherical aberration, 
which is present to some extent in all 
designs of probe-forming systems, thus 
optimum spatial resolution can 
typically only be achieved at the 
expense of a reduction in beam 
current. Quadruple Rod Lens with 4 electrodes 

The current invention describes a lens system with sextuplet quadrupole arrangement that permits 
focusing of ion beams at various focal lengths, thus mitigating intrinsic aberration of the lens to achieve 
optimal small beam size without a need for reduced beam current. This technology improves the resolution 
of ion beam focusing within a fixed lens system to achieve an optimum small beam spot. 

Moving Forward 

Geometry of a microprobe with a preferred 
configuration of two symmetrically related triplets of 
the quadrupole sextuplet lens system of the present 
invention 

Sextuplet Quadrupole Lens System Configuration 
High-energy microbeams are useful for 
research in biology, medicine, geology 
and planetary science, in 
microelectronics, photonics, ion 
lithography and material science, in arts, 
archeology, and environmental science. 
Additionally, with the advent of 
nanotechnologies there is a growing 
need for ion beams with nanometer 
resolution. Thus, this technology may be 
a significant asset to high-resolution ion 
beam systems, especially those utilized 
in nanotechnologies. We currently seek 
licensing opportunities to commercialize 
this technology.  
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Sextuplet Quadrupole Lens System for 

Focusing Charged Particles 

Data for the second mode of excitations: The top graph 
shows the excitation of the lenses wherein the 
continuous curve is x1 and the dashed curve is x2. The 
middle graph shows the demagnification and the 
bottom graph shows the focal length 

 The spherical aberration for the second mode of 
excitations wherein the dashed curve is csx/d3; the 
dashed-dotted curve is csy/d3; and the continuous 
curve is csxy/d3.  
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Sextuplet Quadrupole Lens System for 

Focusing Charged Particles 

Data for the third mode of excitations wherein the top 
graph is the excitations of the lenses. The continuous 
curve is x1 and the dashed curve is x2. The middle graph 
shows the demagnification and the bottom graph 
shows the focal distance. 

 The spherical aberration for the third mode of 
excitations wherein the dashed curve is csx/d3; the 
dashed-dotted curve is csy/d3; and the continuous 
curve is csxy/d3.  
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Sextuplet Quadrupole Lens System for 

Focusing Charged Particles 

Parameters as a function of the spot size 
for the sextuplet lens system of the 
present invention with equal optimal slits 
wherein the top graph is the emittance, 
the middle is the demagnification, and the 
bottom is the half-width of optimal slits. 
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