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Micro-optical systems play an important role
in the fields of sensors, actuators and communica-
tions due to their small size and potentially
low cost. Many micromachining technologies,
as an extension of microelectronic fabrication,
have been developed to fabricate micro
optics components. Among these techniques,
LIGA process is known as a promising method
to fabricate high-aspect-ratio and high-resolution
microstructures for optical applications.
LIGA is the abbreviation of German words
of "Lithography", "Gavanoformung" and
"Abformung", which mean lithography,
electroforming and molding in English. Highly
intense and collimated synchrotron radiation
x-ray is used as the light source in deep X-ray
lithography (DXL) process. The short wavelength
and high penetration power of the X-ray are such
that DXL is a powerful tool for generating
submicron resolution and high aspect-ratio (> 50)
microstructures. The surface quality (Ra < 30 nm)
of the patterned microstructures is generally very
good for most optical applications. As the feature
size of the microstructure is reduced to below
1 m (the scale of the optical wavelength), the
microstructure can interact strongly with the light
and even changes its behaviour. These effects have
been extensively explored in waveguides,
gratings, Fresnel zone plates and photonic crystals. 

Meanwhile, optical polymer technology has
considerably progress over the past decade.
Many silica-based optical devices can now be
replaced with low-cost polymer materials. Unlike
silicon-based technologies, DXL can be easily
integrated with electroforming and molding
techniques (the LIGA process) for mass
production. Especially, many passive elements
such as grating, lens, waveguide or alignment
microstructure, can be realized simultaneously via
molding process. Then, the LIGA technique will
be a promising way to fabricate miniaturized

optical benches for innovative applications.

In the DXL process, PMMA is the most
popular resist material because it can provide
high-resolution (< 1 m) and excellent sidewall
quality (Ra < 30 nm). However, PMMA has a very
low lithographic sensitivity and contrast. The
X-ray mask is then charged to provide sufficient
irradiating contrast between mask/unmask areas.
The mask membrane must be thin (< 2 m) and
transparent to X-rays; in contrast, the mask
absorber must be sufficiently thick (> 3 m) to
block X-ray irradiation. Such a mask structure is
very fragile and difficult to fabricate. Problems
also arise in patterning a thick absorber. E-beam
writing and gold plating are always used to
generate a fine mask pattern. The gold-plated
absorber is not thick enough for DXL applications
because the penetrating depth of the electron beam
is limited to 2 m. Accordingly, the thickness of
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X-ray Micromachining with SU-8 Resist

Fig. 1: Schematic diagram of a MZI (Mach-Zender
Interferometer) sensor platform. This micro optical
bench can be fabricated potentially via the molding
process with polymer materials.

Light Source

Grating coupler

Planar optical waveguide
platform

V-groove

Optical fiber



NSRRC Activity Report 2002/200388

Research Highlights

88

the absorber must be extended using soft X-ray
lithography via this "intermediate" mask. These
complex fabrication processes in making X-ray
masks present a big challenge in the DXL process.

Resist contrast is defined as the slope of the
change of developing rate to the absorbed dosage.
If the resist itself has high contrast, the required
thickness of the mask absorber can be reduced
accordingly. Many researchers have tried to find a
better X-ray resist; however, no significant
progress has been reported. 

SU-8 is a negative-tone, chemically amplified
UV resist material that has been widely used as a
thick resist material in UV-LIGA process.
However, the Fresnel diffraction effect raises
difficulty in patterning submicron, high-aspect-
ratio SU-8 resists using only a conventional UV
light source. In fact, the SU-8 resist is also
sensitive to e-beam and X-ray irradiation. Several
researchers have recently worked on the DXL
SU-8 resist, but most of them have focused on the
lithographic sensitivity and precision in thick film
(> 100 m) applications. In this study, we report
on an X-ray lithographic contrast study of the
SU-8 resist and assess the feasibility of using
SU-8 as a high resolution X-ray resists.

After the deposited dose in the SU-8 resist was
simulated, the resists were exposed to various X-
ray doses and then developed at a fixed time (2
and 5 min.) to examine their lithographic behavior.
As shown in Fig. 2, the results indicate that the
developed thickness decreases as the X-ray dose
increases. No thickness loss was observed when
the dose exceeded 25 J/cm3. The SU-8 resist is
much more sensitive to X-ray irradiation than the
PMMA resist, that has a sensitivity of about 4000
J/cm3.

As shown in Fig. 2, the SU-8 resist was found
to exhibit a very high X-ray lithographic contrast.
When the dose exceeded its sensitivity threshold
(25 J/cm3), no dissolution was observed; but when
the dose was slightly less than 25 J/cm3, the resist
developed rapidly. The change in developed
thickness with the absorbed dose is quite high.
Therefore, only a thin absorber is required
to switch the SU-8 resist between "ON" and
"OFF". This can be illustrated with a specific case.

Figure 3 shows how the dissolution rate of PMMA
and SU-8 resists varies with the X-ray dose. If the
thickness of the resist and the gold absorber is
10 m and 0.5 m respectively, then when the
PMMA reaches its sensitivity threshold  (4
kJ/cm3), the maximum dose under the mask is
calculated to be 1.8 kJ/cm3. Clearly, the dissolu-
tion selectivity between the mask/unmask areas
cannot give a well-defined resist microstructure.
In contrast, as the dose of SU-8 is above the
sensitivity threshold (25 J/cm3), the maximum
dose under the mask is about 12 J/cm3. The
corresponding dissolution ratio of SU-8, read from
Fig. 3(b), is much higher than that of PMMA. It
indicated that a thin mask absorber is required to
pattern SU-8 resist in X-ray lithography. This fact
greatly simplifies the fabrication of the high-
resolution X-ray mask.

To examine the feasibility of using SU-8 as a
high-contrast X-ray resists, a membrane mask
(Fig. 4) with a thin absorber was used to pattern
the resist. The diameters of the wafer and the
window are 10 cm and 4 cm, respectively. The
thickness of the membrane and the absorber was
1.5 m and 0.8 m. Since the fabrication process
was relative simple, the process yield of the
membrane mask could be very high.
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Fig. 2: Developed depth vs. X-ray dosage for the SU-8
resist after different developing times.
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All the specimens were prepared using
standard resist processes. The resists were then
irradiated by SR X-rays with photon energies of
800 ~ 1800 eV. After post-exposure baking, the
SU-8 resists were developed for three minutes and
was then inspected using a scanning electron
microscope.

Figure 5 shows the cross section of the devel-
oped SU-8 resists with a line-width of 1 m and a
thickness of 17 m. The well-defined microstruc-
ture indicates that SU-8 could be X-ray patterned
only using a thin (0.8 m) mask absorber. In fact,
the thickness of the absorber can be further

reduced. However, once the absorber thickness is
reduced below 1 m, the high-resolution mask
pattern can be easily transferred by conventional
UV lithography. Extra soft X-ray lithography is
not required to increase the thickness of the
absorber in some cases. As a result, high-quality
X-ray micromachining technique will become
readily accessible and many more innovative
applications in optics and photonics can be
expected.
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Fig. 3: Developing rate of (a) PMMA and (b) SU-8 resist under various X-ray dosage. The dash lines indicate the
developing rates at the sensitive dose and the max dose under the mask. The X-ray mask has a 1 m thick S3N4

membrane and 0.5 m thick Au absorber in this case.

Fig. 4: Photograph of a membrane X-ray mask with 1.5
m thick S3N4 membrane and 0.8 m thick tungsten

absorber. The diameter of the mask window is 4 cm.

Fig. 5: Cross section of the developed SU-8 resists. The
resist was patterned via a membrane X-ray mask with
0.8 m thick absorber. The line-width and the thickness
of the resist structure are 1 m and 17 m, respectively.
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Beamlines:
18B1 Micromachining beamline

19A1 X-ray Lithography beamline

Experimental Station:
Micromachining end station
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