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Nanostencil fabrication using FIB milling
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ABSTRACT

Fabrication of a high-resolution shadow mask, or called nanostencil, is presented. This high-resolution shadowmask is
fabricated by a combination of MEMS processes and focused ion beam (FIB) milling. 500 nm thick and 2x2 mm large
membranes are made on a silicon wafer by micro-fabrication processes of LPCVD, photolithography, ICP etching and bulk

silicon etching. Subsequent FIB milling enabled local membrane thinning and ap erture making into the thinned silicon nitride

membrane. Due to high resolution of FIB milling process, nanosecale apertures down to 70 nm could be made into the

membrane.
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Fig. 1 Principle of patterning using shadow evaporation
through stencil.
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Fig. 2 Schematic overview of nanostencil fabrication
process. (a) Deposition of 500-nm thick low stress SiN.
(b) Photolithograplly of microscale pattern. (c) SiN
efching 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.
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Fig. 3 SEM image of micro-scale apertures made by

photolithography and SiN etching.

SiN membrane

Fig. 4 Optical image of nano-scale apertures made in
micro-scale patterned SiN membrane.
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Fig. 5 Scanning ion beam image of nanostencil after FIB
milling of nanoaperture.

Fig4 o AE olo]mzz i) B9
JtEEH HedEHs WEUIE, ZEfiLT2TER
A2E AgHig deHdd YeAAd JEHS
ZFEsE ok Figs o FIB & ol4ated A<tz Vo
ZAd EAHEE YEdYt. HeZ3s £&
Z4 70nm 12 =3 & Eole lwelt. =AHE
2] 7lEo ¥ FRFEOET A mx 2 m IR F
HEAY] "By FAE < bim B2 29 99
o ognh, A4y Hreasds SRete &
FEHS olEslE JxFdEy Azte] 7l

Fig.6 ol A&8 xiydds oldsh] Zabi
resAd FEHEE e g, viesdd s
AlH EWo nHEd £ Au B 30nm FAE &5
Aot H=sdAdS o)EF x4 aetHE ) e

F2 wolstgot,

E=N
=

QT -RUG-3%

Fig. 6 SEM image of nanoscale pattern deposited through
the nanostencil.
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