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Deep X-ray Mask with Integrated Micro-Actuator
for 3D Microfabrication via LIGA Process
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Abstract

We present a novel method for 3D microfabrication with LIGA process that utilizes a deep X -ray mask in
which a micro-actuator is integrated. The integrated micro-actuator oscillates the X-ray absorber, which is
formed on the shuttle mass of the micro-actuator, during X-ray exposures to modify the absorbed dose profile
in X-ray resist, typically PMMA. 3D PMMA microstructures according to the modulated dose contour are
revealed after GG development. An X-ray mask with integrated comb drive actuator is fabricated using deep
reactive ion etching, absorber electroplating, and bulk micromachining with silicon-on-insulator (SOI) wafer.
1 mm x 1 mm, 20 pm thick silicon shuttle mass as a mask blank is supported by four | mm long suspension
beams and is driven by the comb electrodes. A 10 pm thick, 50 um line and spaced gold absorber pattern is
electroplated on the shuttle mass before the release step. The fundamental frequency and amplitude are around
3.6 kHz and 20 pm, respectively, for a dc bias of 100 V and an ac bias of 20 Vpp (peak-peak). Fabricated
PMMA microstructure shows 15.4 um deep, S-shaped cross section in the case of 1.6 kJ cm™ surface dose

and GG development at 35 °C for 40 minutes.
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Fig. 1 Cross sectional diagram of (a) a conventional X-
ray mask compared to that of (b) a deep X-ray
mask with integrated micro-actuator (MIA)
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Fig. 2 Schematic of the fabrication processes of (a)
conventional deep X-ray lithography compared
to (b) deep X-ray lithography with MIA
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Fig. 3 Schematic of the comb type MIA which uses a
comb drive actuator to oscillate Au absorber on
the shuttle mass during deep X-ray exposures
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(a) 20um/1um/400pm SOI wafer
Thermal oxidation

(b) Backside thinning (TMAH)

I

(c) Silicon oxide (Si0,) removal
Deep reactive ion etching

(d) Phosphorous pre-dep. & drive-in
Contact window open

(¢) Gold/chromium seed layer deposition
Gold absorber electroplating

VAR

() Front side passivation
Wet etch & release

Fig. 4 Fabrication process of MIA
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Fig. 5 SEM photomicrographs of (a) comb type MIA
before release and (b) enlarged view of comb
electrode
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Table 1 The parameters used in deep X -ray exposures at Pohang Light Source LIGA beamline

Acceleration Voltage 2.5GeV | Kapton Film 130 um Mask Blank | 20 pm (Si)
Bending Magnet 1.323 T | Horizontal Divergence 12 mrad Absorber 10 pm (Au)
Beryllium Window 508 um | Distance to Source 15m
Helium Spool 400 mm | Pre-absorber 20 um (Si)
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Fig. 7 (a) Spectral flux distribution emitted from PLS
LIGA beamline at each stage and (b) an
example of calculated in-depth dose distribution
in PMMA for 2 kJ cm™ surface dose and 40 um
thick Si
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Fig. 8 (a) PMMA development rate with respect to
absorbed dose at 35 °C GG developer and 40 pm
Si, (b) calculated PMMA cross-sectional profile
from (a) for 1.6 kJ cm™ surface dose
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Fig. 9 SEM photomicrographs of fabricated PMMA
microstructure via DXL with comb type MIA at
its resonance: insert in (b) shows the calculated
cross section at Fig. 8(b) (1.6 kJ cm™ surface
dose and GG development at 35 °C for 40
minutes)
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