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Design of electrostatic lenses in nanometer scale focusing ion beam system
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Abstract: A new focusing system was designed by optimizing its optical properties in different beam
currents and energies. Damped least square method was used to design a single lens and lens system.
The single lens was designed through combination of separating and assembling, and the ratio of aber-
ration coefficient and focus length at infinite magnification was chosen as the objective. Both optical
properties and practicability were considered when choosing the working modes between lenses. Colli-
mated mode was used in the larger beam current while crossover mode was in the smaller one. Axial
aberration and magnification were the objective in bigger beam current and in the smaller one respec-
tively when optimizing the two lenses. The results show that the resolution is 31. 52 nm (the magnifi-
cation is —0. 539 095 5 and the aberration is 16. 33 nm) and 4. 73 nm (the magnification is 0. 084 359
9 and the aberration is 2. 15 nm) under beam current of 2 nA and 2.5 pA. The lens system can work
under different beam energies when adjusting the potential on the second plane and the space between
the second plane and the third plane of the lens 2, which will enlarge its applications, and the etching,

deposition, implantation and imaging can be realized in the same system.
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Fig.1 Equivalent lenses of extraction and lens 1
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Fig. 2 Structures of lenses: Unit mm
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% M FL o7 (V)
x5 oty PR HORAREC ol f, o/ f.
WA AR A 55— 38 5 1) S5 8 12.11 0 20. 519 0 5 868. 84 5.223 3 3.891 8
gL 13.95 0 20.672 0 5 868. 84 22.877 5 3.067 0
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Tab. 2 Image conditions under different working modes
st 7] W B e (kV) B TEE B o@EmEm s kV) B
T (mm) BB (mm) ALKV B (mm) 1 2 3 Emm 1 2 3 (mm)
SE4F 0 2.5 23.3 0 20.52 0 0 29.77 0 265
N 26.5 241
X0 2.5 23.3 0 24.08 0 0 20.02 0 265(50)
%3 FEEETFOLESH
Tab. 3 Optical parameters under different beam energies
(keV) (kV) (V) : ) 5 : ) 5 Ty
30 30 23.3 0 23. 36 0 0 18. 985 0 3
50 50 43. 3 20 43. 36 20 20 35.52 0 8
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Fig. 4 Current density contours in collimated mode
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