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A Novel Fabrication Method of the High-Aspect-Ratio Nano Structure
(HAR-Nano Structure) Using a Nano X-Ray Shadow Mask
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Abstract

This paper describes the novel fabrication method of the high-aspect-ratio nano structure which is impossible
by conventional method using a shadow mask and a Deep X-ray Lithography (DXRL). The shadow mask
with 1pm-sized apertures is fabricated on the silicon membrane using a conventional UV-lithography. The
size of aperture is reduced to 200nm by accumulated low stress silicon nitride using a LPCVD (low pressure
chemical vapor deposition) process. The X-ray mask is fabricated by depositing absorber layer (Au, 3um) on
the back side of nano shadow mask. The thickness of an absorber layer must deposit dozens micrometers to
obtain contrast more than 100 for a conventional DXRL process. The thickness of 3pm-absorber layer can get
sufficient contrast using a central beam stop method, blocking high energy X-rays. The nano circle and nano
line, 200nm in diameter in width, respectively, were demonstrated 700nm in height with a negative

photoresist of SU-8
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Fig. 1 Schematic view of the principle of shadow mask; (a) a fundamental structure of the shadow mask, and (b) a
conventional process method using shadow mask, and (c) a novel process method using nano shadow mask

as the nano X-ray mask
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Fig. 2 Schematic view of the principle of the central
beam stop method; (a) X-ray beam window for a
conventional deep X-ray lithography process,
and (b) X-ray beam window using the central

beam stop jig

Az & 5 o .

Fig. 29 ()& 98U XA =% 348 &
A9 X-A ¥ F(X-ray beam window)E E3 BE
B9 XA Wol £33} o)A B4 100049
ZEZHAE(contras) B B7] HslA] gutr oz X
A F4%F(X-ray absorber layer)& 10um ©]42
THstojop g, watA V& X-H =%
FRALEE Yx I Y FEREE AZE7
ozl dHE /AL Y. old FAAL
HA2sk7) H3l Fig. 29 ()9 2ol T WL Ad
g dE ol B2 "H Aag g F o 43



1316 2434 -3

o8- /s s

Transmisslon
o o
> *
T T
L L

=

N
T

X

f
B Pb, thickness=500um ‘]

(X8 5

T T T L T T
o 5000 10000 15000 20000 25000 30000
Photon Energy (V)
Fig. 3 Effect of the central beam stop jig with lead using
the Lawrence Berkeley national Lab simulation
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Fig. 4 Fabrication process of shadow mask
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Fig. 5 SEM image of the fabricated shadow mask; (a)
1pm diameter circle, and (b) 1pm width line
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Fig. 6 Schematic view of the nano shadow mask
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Fig. 7 SEM image after SixNy deposition using a
LPCVD process; (a) 2000 A thickness resulting
in 600nm diameter circle and 600nm width
line, and (b) 5000 A thickness resulting in
250nm circle and line, and (c) 6500 A thickness
resulting in 130nm circle and line
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Fig. 8 Measured size of the aperture vs. thickness of the
second Si,N,
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Fig. 10 Pictures of the fabricated nano X-ray mask; (a)
front side of the nano X-ray mask, and (b) back
side of the nano X-ray mask
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Fig. 11 SEM image after Au deposition using a E-beam
evaporator
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Fig. 12 Schematic view of the deep X-ray lithography
process using the nano X-ray mask

Table 1 The parameters used in deep X-ray exposure at

PLS LIGA beamline (9C1)
Acceleration voltage (GeV) 25
Bending magnet (T) 1.323
Beryllium window (pm) 508
Helium spool (mm) 400
Distance to source (m) 15
Mask blank (A) 3000 (SixNy)
Absorber (pm) 3 (Au)
Opened Beam window width (mm) 3
Beam current (mA) 180
Exposure time (sec) 45
SU-8 thickness (um) 1~2
Lead thickness (pum) 500
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Fig. 13 SEM image of developed SU-8 using X-ray
mask without second SixNy deposition
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Fig. 14 SEM image of developed SU-8 using nano X-ray
mask with second SixNy deposition; (a) 200nm
diameter circle, and (b) 200nm width line
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