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Ion Beam Induced Micro/Nano Fabrication: Modeling
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ABSTRACT

3D nano-scale manufacturing is an important aspect of advanced manufacturing technology. A key element in ability

to view, fabricate, and in some cases operate micro-devices is the availability of tightly focused particle beams,
particularly of photons, electrons, and ions. The use of ions is the only way to fabricate directly micro-/ nano-scale
structures. It has been utilized as a direct-write method for lithography, implantation, and milling of functional devices.
The simulation of ion beam induced physical and chemical phenomena based on sound mathematical models associated
with simulation methods is presented for 3D micro-/nanofabrication. The results obtained from experimental
investigation and characteristics of ion beam induced direct fabrication will be discussed.
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Fig. 1 Ion-solid interactions: D ion-atom scattering,@
surface dislocation, internal dislocation, @
physical sputtering, ® ion implantation, ®
chemical sputtering, @ charge transfer, ion
adsorption, i)
surface atom emission

@electron emission, ionized
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Fig. 2 Schematic illustrations of FIB processing
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(a) String method (b) Cell method () Level set method

Fig. 3 Illustration of string, cell and level set method
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Fig. 4 Illustration of ion beam simulation model
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Fig. 5 Comparison of various sputtering yields as a
function of incident angle obtained from
TRIDYN, SRIM and experiment (Experimental
data are from Ref. 9)
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Fig. 6 SEM image of selective etching of Au deposited on
top of silicon and simulation result

ol AFJME
AZ =X9 & 9
PMMA & 1 mTAZ

A 2A A 02 m) F
2HoR A3e] A9

=}
EXY ¥ 4 =% 34E 9

£5ld BEAOE AAL F 1 keV AR 9 Ar
ojleo g oleuwy JLFF A 0= ol g5t A]

oA Flon, Jhg Fo Az A EZHold
237} Fig 6 ol BRI o} Algeolde 7
7} AFTEe nY BF FHA ez AFE
< 2SR @gskern @ ¥Eez AgHeld s
Rt 27191 PMMA 9 2AM2E FHzto|glent 7}
T Fell & 45° o AxE e 2AYE P4
Kol ol At ¥e FHAI AA PapE A
el dFFAE BFstn 2¥Ego] o9 ¢
APEel weh Wshy] wEe] dAgstE oW 7t
39 S5 7tE 540l

52 E&o|l2Y
5.2.12 At AlZalo|M

A&Zol 2y & o] &3l YA 4YL v 7}
T ol o8 W AFEFHE RAE 2D Y(Box
milling)ol 2} stH, @ WHE o] &35t AlZdoolA
3ttt 30 keV 9 Ga'& Si EAo Yrlsle st7

agon, HUAFE 7000 pA, ¥ F B (FWHM)S
110nmo]i 7}F ZL2 20719 W€ 50 % F43+4

113

N { Al e)

g3 A5FE nHdky] 9 IMSIL €
ol 435t} A 2¥E © YAES EX7) Fig
7 o] R9X3: o, Fig. 8(a)lls ALl e

[
o

2 7138 g4ol mpele AEdelA A B
At

A1

lon: Ga' 2000 ions
Substrate : Si
Incidence angle : 70°
Energy : 30 keV
Cos"6N =10

lon ; Ga® 10000 ions
Substrate : Si
Incidence angle : 0°
Energy : 30 keV
Cos"6N =10

Fig. 7 Sputtered atoms distribution of Ga” incident on a
silicon substrate at 30 keV under 0° and 70° of
incident angles (Calculated by IMSIL)
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Fig. 8 SEM image of FIB box milled Si trenches (a)
(FWHM: 100 nm, current: 7000 pA, overlap: 50 %).
The result of full simulation (b), vertical wall at
which aspect ratio is about 1(c) and final state(d)
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Fig. 9 SEM image of Si substrate box milled by FIB with
Ga' ions, 50 keV voltage and ion dose from 0.5 to 2
nC/um ? in step of 0.5 nC/tm %, The opening width of
trench is 300 nm and values above the image were
depths measured from the bottom of each trench
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Fig. 10 Simulation results of Fig. 9. They show the
results of the initial state of level surface(a), 0.5
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Fig. 11 Tllustration of scanning condition and SEM

images with simulation result. The dwell time
and pixel spacing are fixed to 0.011(s) and 60 %
overlap. Two boxes of 30X 8 pixels(b) and 30X
10 pixels(c) were milled bombarded with Ga*
ion beam accelerated at 50 keV
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