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Sputtering and gas-assisted etching/deposition by focused ion beams are presently
used, e.g., for integrated circuits modification, rapid prototyping of photonic
structures and photomask repair. With the development of tools providing
massively parallel focused ion beams' higher throughput will be possible, and
new applications will emerge.

Using the CHARPAN — Charged Particle Nanopatterning Tool * resistless 10
keV Argon ion multi-beam kinetic sputtering has been performed on Si wafer
surfaces realizing examples of photonic structures with depth of 100 nm and
250nm, respectively. Examples are shown in Fig 1.

Using the TonShaper™ simulation software, which takes into account sputtering
and redeposition effects to the 2™ order, an excellent agreement between theory
and experiment has been obtained as shown in Fig 2a, but only when using
IMSIL? instead of SRIM for the sputtering and ion reflection inputs (Fig 2b).
With precursor gas assisted etching or deposition there is the possibility to achieve
high aspect ratio structures (Fig 3). It can be observed that deposited pillars are
broader than the ion beam’. This effect can be explained by the range of the
recoils in the pillar®. Fig 3 shows simulations, using a new recoils-based algorithm,
for gas-assisted etching and deposition when using different ions and energies for
blur conditions achievable with the CHARPAN Tool. Experiments will be
conducted with a newly developed gas injection system for the CHARPAN tool.

E. Platzgummer, H. Loeschner, and G. Gross., J. Vac. Sci. Technol. B26, 2059 (Nov/Dec 2008)
E. Platzgummer, H. Loeschner, and G. Gross, Proc. SPIE Vol. 7122, 71220L-1 (2008)

E. Platzgummer et al., Microelectronic Engineering 83, 936 (2006)

G. Hobler, Nucl. Instr. Meth. B96, 155 (1995)

J. Fujita et al., J. Vac. Sci. Technol. B19, 2834 (2001)

J.S. Ro, C.V. Thompson, and J. Melngailis, J. Vac. Sci. Technol. B12, 73 (1994)

IS Y N T



™, —
CP34T_posl2_Hau-a400, 15k 2KV, WD3 e ———i  CP347_poslZ_invHax-a799_6I30"_D, 50k, 10KV, WD r— 800 nm ——i

CP353_pos03_Hax-a570_tiN30°_D, 15k, 10KV, WD1O

Fig 1: Examples of photonic structures realized with
resistless 10 keV Argon ion multi-beam sputtering
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Fig 2: a) Comparison between IonShaper® simulations and 10 keV Ar’
multi-beam sputtering of Si (top: assumed ion beam intensity profile for the
simulation); b) Comparison of TonShaper® simulations when using IMSIL (green)
and SRIM (red) inputs, (top: assumed ion beam intensity profile)
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Fig 3: a) Comparison of lonShaper® simulations sputtering (green), precursor gas
assisted etching (blue) and deposition (red) for 10 keV Ar" with 14 nm FWHM
blur (yellow: ion beam intensity profile); b) for 10 keV Xe" with 14 nm FWHM
blur, ¢) for 20 keV Xe" with 8 nm FWHM blur.





