SH=EYUSESIX M 26 A 4% pp. 128-133

April 2009 [ 128

Journal of the Korean Society for Precision Engineering Vol. 26, No. 4, pp. 128-133

SIMION A| 22 O|E| & o] 8Pt JHHU=9 H HL

45

Beam Focusing Performance of Electrostatic Lens using SIMION Simulator
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Focused-ion-beam (FIB) system is capable of both machining and measuring in nano-scale;
hence nano-scale focusing quality is important. This paper investigates design parameters of two
electrostatic lenses in order to achieve the best ion beam focusing performance. Commercial
SIMION simulator is used to optimize the dimensions of the condenser and objective lenses and
investigate the influence of assembly error on focusing quality. The simulation results show that
the beam focusing quality is not influenced by angle deviation within + 0.02 deg and geometrical

eccentricity within + 50 micromefters.
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Fig. 2 Ion column structure
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Table 1 Incident ion beam condition for condenser lens
Ton Beam | Aperture dia. of
source Charge | Energy interval faraday cup

Ga +1

12keV | 0.01 mm 0.4 mm

Table 2 & AZA T X¢wsel ddd =3
o 2H, AEH)AY FFE AF Alolg A,
AFFA, ASFHe 7184 A3 F3jte] A}
Table 2 9] ()= Al EHA Al HELEAE §o]
A ) A VIEA=RY XFEA, AF Ao
9 AY Smm, AZFA 1mm, AFTHY AH
3mm & ©] €3t} Fig 3 2 7|&d =9 B Eo]
=3

Table 2 Experimental conditions

Experiment parameters Dimension

Electrode distance 1,3, 5(*), 7, 9 mm

Electrode thickness 1(*%), 2, 3,4, 5 mm

Electrode hole diameter 3(*),4,5,6,7, 8§ mm

* . the dimension of reference lens

1mm
<>
' 3mm l I
0.4mm .
5mm 5mm

Fig. 3 Schematic diagram of reference lens
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Fig. 4 Beam focusing performance for the variation of
electrode distance according to applied voltage of
objective lens
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Fig. 5 Number of beam for the variation of electrode-hole
diameter according to applied voltage of objective
lens
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Fig. 6 Beam focusing performance for the variation of

electrode thickness according to applied voltage
of objective lens
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Table 3 Simulation results for the best beams
Thick-| Hole | Dist- [Applied| Min. Beam
No. | Symbol ness | Dia. | ance |Voltage| Dia(mm) (Group
1 | 1080 1 8 3 0.01819 | C
2 | 1060 i 6 2 0.03701 | C
31 99 1 3 9 5 1003708 | A
4 12080 | 2 8 4 0.03712 | C
5 | 1070 1 7 3 0.04042 | C
6 | 4080 | 4 8 2 0.05123 | C
7 | 3080 | 3 8 3 0.05171 | C
815030 | 5 3 4 0.05368 | B
9 | 2040 | 2 4 5 0.05798 | A
10 | 4030 | 4 3 4 0.05859 | B
11| 1030 1 3 5 0.06197 | A
10 —u— 1080
—e— 1060
osf el
—_ oo 1070
oo 4080
E 06} 3080
= —8— 5030
—x— 2040
% 0.4} —w— 4030
£ —o— 1030
8
0o 02f
0.0
0 5
Voltage (kV)

Fig. 7 Simulation results of the best beam diameter(A
group: 990, 2040, 1030, B group: 5030, 4030, C
group: 1080, 1060, 2080, 1070, 4080, 3080)
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Fig. 8 Beam size for angle deviation error
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Fig. 9 Beam center for angle deviation error
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Fig. 10 Beam size and center according to geometrical
eccentricity(angle deviation error of zero deg.)
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