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The Analysis of Chemical Vapor Deposition
Characteristics using Focused lon Beam
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ABSTRACT

FIB equipment can perform sputtering and chemical vapor deposition simultaneously. It is very advantageously
used to fabricate a micro structure part having 3D shape because the minimum beam size of ® 10nm and smaller
is available. Currently FIB is not being applied in the fabrication of this micro part because of some problems to
redeposition and charging effect of the substrate causing reduction of accuracy with regards to shape and productivity.
Furthermore, the prediction of the material removal rate information should be required but it has been insufficient
for micro part fabrication.

The paper have the targets that are FIB-CVD characteristic analysis and minimum line pattern resolution
achievement for 3D micro fabrication. We make conclusions with the analysis of the results of the experiment
according to beam current, pattern size and scanning parameters. CVD of 8 pico ampere shows superior CVD yield
but CVD of 1318 pico ampere shows the pattern sputtered. And dwell time is dominant parameter relating to CVD
yield.
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Table 1 Experimental Conditions

Dwell Time 0.375 usec
Tilt Angle 0 degree
lon Dose(NO./cm?) 222222 x 10%
OverLap 0%
Pattern Shape Rectangular (Length=5¢m)
ttern width
lon Beam i 30nm 100nm | 200nm | 500nm 1/m
8 (pico Amp.) . . . . .
Fig.3(a) | Fig.4(a) | Fig.5(a) | Fig.6(a) | Fig.7(a
(Dia=®13m) | 9 () | Fig-4(a) | Fig.5(a) | Fig.6(2) | Fig.7(a)
48 (pico Amp.) | . . . . .
Fig.3(b) | Fig.4(b) | Fig.5(b) | Fig.6(b) | Fig.7(b
(Dia=023m | 9>(0)| Fig-4(b) | Fig.50) | Fig.6(b) | Fig.7(b)

1318 (pico Amp.)
(Dia=1318nm)

Fig.3(c) | Fig.4(c) | Fig.5(c) | Fig.6(c) | Fig.7(c)
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AFM 3D topography Photograph of SEM

10 fm

Profile Measurement using AFM

Fig. 3 Result of line pattern of 30nm width with
respect to ion beam current

AFM 3D topography

Photograph of SEM

10 ann

Profile Measurement using AFM

Fig. 4 Result of line pattern of 100nm width with
respect to ion beam current



AFM 3D topography

Photograph of SEM

N 10 ol

Profile Measurement using AFM

Fig. 5 Result of line pattern of 200nm width with
respect to ion beam current

Photograph of SEM

AFM 3D topography

10 ol

Profile Measurement using AFM

Fig. 6 Result of line pattern of 500nm width with
respect to ion beam current

AFM 3D topography Photograph of SEM

10 [,L...]

Profile Measurement using AFM

Fig. 7 Result of line pattern of 1ym width with respect
to ion beam current
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Fig 8(a) AFM results of the width of CVD line pattern
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Fig 8(b) AFM results of the height of CVD line pattern
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Fig 8(c) AFM results of the volume of CVD line
pattern



4 2E

A= FIB-CVD Fate| #g vj& o2 3314
T Az g gl FIB-CVDE 48317
TEE o] 2 B FAF e mE vhe 4
<)

Dwell Time & <& <&
yielde] =712 Tilt angle 45%, dwell time 0.375p
sec, overlap 10%<% 74 -9-= YE}RETE

(2) Beam Currentel] w2 23 A3 Beam Current”}
8pico ampere® 73-¢- W% CvD7F & FEHU
o1}, Beam Current7} 1318pico ampereo] 73
CVD &7Fo] #A =] a1, Sputteringe] A=

= o] ovlA] 4 ANAOY, APM Y23
g B Aol sk

(3) Beam Currentol] w2 CVD9] 984l Hdo=

lon Beam Density(Pico Ampere/nm?)<] x}o] =
e o Ao, AME F2 0.06(8 Pico
Amp), 0.116(48 Pico Amp), 0.168(1318 Pico Amp)
© % 1318 Pico Amp. W o] 75 TeHA G o] &
Hl FAEFo] Wol S&%F Wtk Sputtering %ol
w7 o2 dohd.

o rr

(4) 3D T-X=EAAS 914 = FIB-CVD 3|H
o tig CVvD @7 <5 A uel DB} 275

Atk ol% 98] 4F, ol
(<3}

2H o8 Ywrbeg A s Ao Ay E

1. J. S. Ro, C. V. Thompson, and J. Melngailis, 1994,
"Mechanism of ion beam induced deposition of
gold," J. Vac. Sci, Technol. B 12(1), pp.73-77.

597

. R. Kometani, T. Morita, and K. Watanabe,

. J. Fujita, M. Ishida, T. Ichihashi, Y. Ochiai, T.

Kaito, S. Matsui, 2003, "Growth of
three-dimenstional nano-structures using FIB-CVD
and its mechanical properties,” Nucl. Inst. and

Methods in Physics Res., B206, pp.472-477.

. K. Watanabe, T. Morita, and R. kometani, 2004,

"Nanoimprint using three-dimensional microlens
mold made by focused-ion-beam chemical vapor
deposition,” J. Vac. Sci. Technol. B22(1), pp.22-26.
2004,
"Nanomanipulator and actuator fabrication on glass
capillary by  focused-ion-beam-chemical  vapor
deposition,” J. Vac. Sci. Technol., B22(1), Jan/Feb.,
pp.257-263.

T. Morita, K. Watanabe et al, 2002,
"Three-Dimensional Nanoimprint Mold Fabrication
by Focused-lon-Beam Chemical Vapor Deposition,"
Jpn. J. Appl. Phys., Vol.41, pp.4425-4426.

. A. D. Dubner, "Mechanism of lon Beam Induced

Deposition,” Doctoral Thesis, Massachusetts Institute
of Technology, 1990.

. H.Z Choi, E.G. Kang, S.W. Lee, W.P. Hong, " 3

T, ST, oA, YA, 2004, “FIBE o] &3t
wtEEA Ve N, SarE Ay Al s 2004
Alsted) 3] =53, pp.482-486.

M



	Text113: 593
	Text114: 594
	Text115: 595
	Text116: 596
	Text117: 597


