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The Parametric Influence on Focused Ion Beam Processing of Silicon

Joon-Hyun Kim*, Chun-Sam Song’, Joo-Hyun Kim™, Jong-Hyeong Kim'"', Dong-Young Jang
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]I Abstract J

The application of focused ion beam(FIB) technology has been broadened in the fabrication of nanoscale regime.
The extended application of FIB is dependent on complicated reciprocal relation of operating parameters. It is necessary
for successful and efficient modifications on the surface of silicon substrate. The primary effect by Gaussian beam
intensity is significantly shown from various aperture size, accelerating voltage, and beam current. Also, the secondary
effect of other process factors - dwell time, pixel interval, scan mode, and pattern size has affected to etching results.
For the process analysis, influence of the secondary factors on FIB micromilling process is examined with respect
to sputtering depth during the milling process in silicon material. The results are analyzed by the ratio of signal to
noise obtained using design of experiment in each parameter.
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= Scanning electron microscope(SEM)}
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Fig. 1 Schematic view of rectangular trench milled by FIB
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Fig. 2 Operating parameters for micromilling
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Table 1 Confined primary beam parameters for experiment

Aperture no. No. 1
Accelerating voltage 30kV
Extracting current 2mA
Beam current 731pA
Beam diameter 60nm
Etching depth 1/m
Ion dose 3427.592x1015ions/cm’
x-pixel, y-pixel Window 800x800 pixel
Substrate material P type Silicon wafer(100)
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Fig. 3 AFM image of 6/mx6ymx1ym trench pattem
milled by FIB(No. 3)
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Table 2 Variable micromilling parameters for experiments

Factor(s) value
Dwell time(us) 20, 50, 100, 200
Scan mode Raster
View size(ym) 24, 60, 80, 120
Pattern size ,\WxH, (ur’) | 1x1, 3x3, 6x6, 10x10

Fig. 4 Si wafer SIM image milled by 30kV Gat+ FIB
(30° tilted view for the experimental design method)
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Table 3 Beam sputtering conditions by secondary parameter

No Piew size | Dwell time—i Pattern sige,
(am) (1) WxH(yn)

R 20 1x1

2 24 50 33

3 24

4 | 24

5 60 i

6 60 |

7| 60 100 | 10x10

8 | 60 200 | 6x6

9 | 80 20 | 66

10 | 80 50 1010

1| 80 100 1x1

12 80 200 | 33

13 120

14 | 120

15 [ 120

16 120
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(b) No. 1, view size 24;m, dwell time 20us

Fig. 5 AFM image of 1pmx1mx1ym square pattern
milled by FIB with different factors
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Fig. 6 AFM image of 3ymx3ymx1/m square pattern
milled by FIB with different factors, (No. 15,

view size 120¢m, dwell time 100us)
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Table 4 Roughness shape on the milled wafer surface

No skewness kurtosis
1 1.023 2.542
2 0.386 1.329
3 0.081 1.103
4 0.103 1.104
5 2.067 1.013
6 0.281 1.577
7 -0.372 1.269
8 -0.271 1.268
9 -0.305 1.304
10 0.172 1.128
11 0.572 2.61
12 2.319 7.311
13 0.189 1.215
14 0.332 1.358
15 1.436 3.58
16 0.968 2.799
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€ 1.7 v
8 % ¢ M View size |Dwell time|Pattern size,
10 g bd (1) (1s) WxH(yan®)
v 3 etching depth 24 20 10x10
0 - .
20 4 60 w0 100 120 140 160 pattern size(up) 24 20 ix1
Pixel Spacing (nm) pattern size(down) 24 50 Ix1
Fig. 9 Effect of the beam pixel spacing on the surface surface roughness 60 100 Ix1
finish after micromilling overall 24 50 1x1
Table 6 Result of experiment
View | Dwell |Pattern | Pattern Pattern size Etching Ra
size | time | size | size(up) SN1 (down) SN2 depth SN3 () SN4 SN
(em) | (us) | () | (um) (¢m) (gm)

24 20 1x1 0.992 41.938 0.145

1.361 1.084 | 21514 | 0.332 9.577 6.735

24 50 3x3 2.823 15.041 1.240

-4.910 1.332 9.577 0.547 5.240 0.533

24 100 6%6 5.827 15.239 3.810

-6.809 1.234 12.616 0.567 4.928 -1.141

24 200 | 10x10| 8.679 -2.418 5.655

-12.760 | 1267 11.470 | 0.570 4.883 -7.206

60 20 3x3 1.598 -2.935 0.102

-9.242 0.851 16.536 | 0.173 15239 | 4.156

60 50 1x1 1.335 9499 0.622

8.450 0.060 0.537 0.020 | 33.979 5.455

60 100 | 10x10 | 8.540 -3.287 5.701

-12.667 | 1.200 13979 | 0.517 5.730 -1.185

60 200 6%6 4.072 -5.702 2.444

-11.019 | 1225 12956 | 0.504 5.951 -6.198

80 20 6%6 4.138 -5.400 2.246

-11.490 | 1.196 14.155 0.479 6.393 -6.490

80 50 | 10x10| 8.679 -2.418 5.262

-13.512 | 1.200 13979 | 0.539 5.368 -1.875

80 100 1x1 1.370 8.636 0.120

1.110 0.049 0.436 0.013 37.721 3.430

80 200 3x3 1.101 -5.571 0.112

-9.212 0.722 11.119 | 0.518 5.713 -4.876

120 20 | 10x10| 9.836 15.703 5.165

-13.688 | 1.168 15494 | 0.518 5.713 -7.727

120 50 6%6 4.052 -5.792 1.936

-12179 | 1179 14.943 0.483 6.321 -7.113

120 | 100 3x3 1.484 -3.614 0.103

-9.239 0.708 10.692 0.182 14799 | -4.317

120 | 200 1x1 1.441 7.111 0.291

2.987 0.061 0.547 0.017 | 35391 4.036
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