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In order to realize nano processing technology using ion beam, it must be
accumulated the design of nano-fabrication system, ion focusing mechanism,
measurement technology, fabrication of nano-stage and nano tilting device, and
processing technology, etc. In this study, three FIB, FE-SEM, and nano-stage
components were stored to design the FIB and FE-SEM systems in an integrated
structure with a balanced way. The test specimen adopts a design method for the
structure that is connected through the tunnel between the chambers. In order to
evaluate the influence of the center of gravity, static analysis, and modal analysis
on the static and dynamic accuracy of the combined machine.
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Table 1 The 4 kinds of model used for analysis

Kinds Distance of gravity center Location of
between FIB and FE-SEM nano-stage
Model 1 430 mm Lower of FIB
Model 2 430 mm Lower of FE-SEM
Model 3 250 mm Lower of FIB
Model 4 250 mm Lower of FE-SEM

Table 2 Mechanical properties of system components

Distance of gravity center between

Kinds FIB and FE-SEM
Material SUS 304
200 GPa

Young’s modulus (=2.0x10" N/m?

(SI units) =2.0x10" (N. m/sec?)/m?
=2.0x10° N/mm- sec?)
7.8 g/cc
Density (=7.8x0.01 (N/1000 mm?)

=7.8%107° (N/mm?) )

13.7284 x¢” N/sec?
13.7284 < €® N/sec?

Stiffhess of
air spring

K, K,
K
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Fig. 2 Modeling result of integrated system
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Fig. 3 ANSYS modeling for the model 3
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Fig. 4 Location of gravity center for model 2

Table 3 Gravity center locatuin for each model

Axis Model 1 Model 2
X 18.55945 mm 18.150372 mm
Y 199.412 mm 199.412 mm
V4 298.50016 mm 298.50016 mm
Axis Model 3 Model 4
X 10.790378 mm 10.552542 mm
Y 199.412 mm 199.412 mm
V4 297.50009 mm 298.50009 mm
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Table 4 Deflection analysis due to gravity

Deflection Model 1 Model 2
Maximum value 0.0121116 mm 0.011926 mm
Deflection Model 3 Model 4
Maximum value 0.011761 mm 0.012304 mm
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(b) 4th mode shape
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(d) 13th mode shape
Fig. 6 Natural mode shape at the model 1
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Table 5 Comparison of modal analysis result

Mode Mode 1 Mode 2 Mode 3 Mode 4
(Hz) (Hz) (Hz) (Hz)
1 355.18 337.22 369.02 306.26
2 381.64 371.02 388.32 33533
3 564.51 536.98 590.18 504.65
4 597.84 570.08 603.39 521.17
5 996.74 838.98 1,020.6 698.01
6 1,162.2 1,041.4 1,235.8 991.40
7 1,195.3 1,056.7 1,307.6 1,014.4
8 1,415.3 1,281.8 1,511.4 1,172.1
9 1,490.7 1,303.4 1,567.4 1,264.8
10 1,602.0 1,524.4 1,707.8 1,532.9
11 1,827.0 1,733.8 1,918.7 1,760.2
12 1,903.3 1,823.0 1,980.6 1,804.6
13 1,962.2 1,870.5 2,096.8 1,882.4
14 1,988.1 1,929.9 2,159.5 1,930.4
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