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Focused lon Beam Milling for Nanostencil Lithography
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A high-resolution shadow mask, a nanostencil, is widely used for high resolution lithography. This
high-resolution shadowmask is often fabricated by a combination of MEMS processes and
focused ion beam (FIB) milling. In this study, FIB milling on 500-nm-thin SiN membrane was
tested and characterized. 500 nm thick and 2x2 mm large membranes were made on a silicon
wafer by micro-fabrication processes of LPCVD, photolithography, ICP etching and bulk silicon
efching. A subsequent FIB milling enabled local membrane thinning and aperture making into the
thinned silicon nitride membrane. Due to the high resolution of the FIB milling process, nanoscale
apertures down to 60 nm could be made into the membrane. The nanostencil could be used for
nanoscale patterning by local deposition through the apertures.
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223 (e-beam lithography),” #lo) At g 418
(laser interface lithography),® 3 <o) &% %) (focused
ion beam milling)® 5°] AR&H® T}
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Fig. 1 Schematic overview of nanostencil fabrication
process. (a) Deposition of 500-nm thick low
stress SiN. (b) Photolithography of microscale
pattern. (¢) SiN etching of microscale pattern. (d)
Photolithography and SiN etching on backside.
(e) KOH etching of bulk Si from backside for
500-nm thick SiN membrane releasing. (f) FIB
milling for local SIN membrane thinning into 50-
nm thick, and then, nanoaperture fabrication

8l & ICP 3 (inductively coupled plasma etching).2.
2 AzxdeEes A dadgEge
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Fig. 2 SEM image of micromachined stencil. Arrows
show the FIB milled nanopatterns



SN A 283 235 pp. 245-250

February 2011 | 247
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Fig. 3 Membrane thinning and drilling according to FIB
milling time: (a) 20sec, (b )40 sec, (¢) 60 sec, (d)
80sec

Fig. 5 o FIB & °|-&3}% 7% nanoaperture
E9 AAEv A A9 odE deEhdelh ARz
4ol Z7]E 300nm x 1000 nm ©) 1, £33 sline &
£ Snm, 10nm, 30, 50 nm B ©3ln HolE
1000nm & 5 X2 7MFe Aottt 52° 7] &9 A
2 oluNREREH PP UREAE FAHE 4
i} 2ol FA= oF 60nm B A H QT

Aperture defined
by FIB milling

photolithography

Fig. 4 Membrane holes made by photolithography (left)
and FIB milling (right)

(b)
Fig. 5 SEM images of FIB milled test patterns. (a) 300nm
x 1000 nm squares, (b) Snm, 10nm, 30, 50 nm slits
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Fig. 6 Cr Mask patterns made by photolithography (on
left) and FIB stencil method (on right)

15 .0kY¥ 20k

(a) FIB stencil method

(b) laser exposed photolithography

Fig. 7 Radius of curvatures of patterns made by
photolithography and FIB stencil method

Fig. 7 & FESEM °]U|X& o] &3ld S4E =
e FAdtE g 8jud a1y olth Az (Square)
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PAE il d AF photolithography 3¢ zuuk
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28 7MEZ2AL 30KV, 03nA 2 1%, AAYE 9
A7 HgEe 2reRA B ze AF
& AR B 2 UM on shgkel

7bestth ol#d Auixoz AAFUE FH9
FIB 7t Z2A4A A% Photolithography 9} w3}
FIB stencil lithography 7} 6 B} o} 2}e =1
HAE RIS AU 4 sldth
7]-‘594 gaaey] 7R S9A subym HHE
278U 7HEHE Y8Me FE e-beam lithography
= /‘}%ﬁhjr Ao ALLE FIB shadowmasking
W& e-beam lithography ¢ W3ttt E-beam
pattem 7 FIB shadowmasking &1 FESEM ©|#|
AzFE e IR FENAEE FA4sa o

g vEstgich Fig. 8o 1 A#E vtehlglch

“Jr &

rle o,

Fig. 8 Radius of curvatures of patterns made by FIB stencil
method (left) and e-beam lithography (right)
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Fig. 9 SEM image of nanopatterns made by
shadowmasking
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Fig. 10 AFM image and section analysis of nanopattern
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Heel A FAE SEM EFA A
(charging) &3 w&E] AE&F FHL o
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oo AZE Yx2rAd g ol g3te YnduEe A
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