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Abstract SU-8 photoresist is commonly used in the field
of microfabrication as structural material or for molding of
microfluidic devices. One major limitation, however, is the
difficulty to process partially freestanding SU-8 structures or
monolithic closed cavities and channels on-chip. We propose here a simple method for the fabrication of suspended
structures, in particular of monolithic SU-8 microchannels.
The method is based on the processing of a SU-8 doublelayer. Appropriate modification of the optical properties of
the upper layer allows for selective crosslinking in the layer
sandwich. This process is suitable for versatile layouts
comprising open and hollow SU-8 structures on the same
chip.
Keywords SU-8  Monolithic microchannel 
Double-layer

1 Introduction
The negative epoxy-based photoresist SU-8 has a wide range
of applications in the field of microfabrication. The possibility to process up to several 100 lm thick layers with high
aspect ratio, as well as its optical transparency and chemical
inertness explain the popularity of this material (Abgrall
et al. 2007). SU-8 masters are frequently used for molding
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of polydimethylsiloxane (PDMS) microfluidic channels
(Jo et al. 2000). Even if standard SU-8 processing is routinely implemented in most microfabrication laboratories, a
particular challenge consists in fabricating SU-8 structures
with free-standing or suspended parts (Abgrall et al. 2007).
In this technical note, we propose a new and robust technique to fabricate monolithic suspended SU-8 structures. In
particular, we demonstrate the feasibility of creating closed
SU-8 microfluidic channels on-chip, side-by-side with open
structures. This degree of flexibility in SU-8 processing
could not be achieved with other techniques presented so far.
Different approaches have been proposed in literature to
fabricate SU-8 structures that are dissociated from the
substrate. A positive photoresist (AZ-1518) was used as
sacrificial layer for the fabrication of a SU-8 rotor for
piezoelectric motors (Dellmann et al. 1998). This method,
however, may not be generally applicable, as the thickness
of the sacrificial layer does not exceed a few micrometers.
Furthermore, it has been observed that solvent diffusion at
the interface alters the SU-8 properties (Liu et al. 2004).
Bonding of two SU-8 layers was successfully implemented
for the fabrication of SU-8 microchannels (Agirregabiria
et al. 2005; Steigert et al. 2008). With this technique patterned SU-8 films on two distinct wafers are brought in
close contact and bonded by thermal treatment. This
approach also allows for the fabrication of multilayer
structures. Lamination of a dry film photoresist (RistonÒ)
(Heuschkel et al. 1998) or uncrosslinked SU-8 layers
(Abgrall et al. 2006) was also reported to cover microchannels, but applying pressure on the substrate may make
this process prone to failure.
Free-standing SU-8 structures can be obtained by
selective polymerization of a top layer without affecting
the underlying unexposed layer. The latter layer has the
function of a sacrificial layer and can be dissolved to
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release the suspended part. Selective exposure of SU-8 is
possible using e-beam lithography (Mali et al. 2006), laser
writing (Yu et al. 2004), or deep-UV lithography (Ceyssens
and Puers 2006). These approaches offer good results, but
require particularly sophisticated equipments. Another
successful method was the deposition of a thin aluminum
film in between two SU-8 layers to stop light propagation
during exposure of the top SU-8 layer (Ceyssens and Puers
2006). Partial exposure of SU-8 was also achieved by using
substrates coated with an antireflection layer (Chuang et al.
2003) or by adding a positive resist (SC1827) to the SU-8
to increase UV-absorption (Foulds and Parameswaran
2006). Fabrication of short embedded microchannel (up to
1.6 mm) using two epoxy-based photoresist layers with
different photo acid generator was also demonstrated
(Kitsara et al. 2006).
In this article, we report on a new approach for the
fabrication of long SU-8 monolithic suspended structures
by using standard photolithography. Our method is based
on the selective enhancement of the UV-absorption in the
modified top layer of a SU-8 double-layer structure. This
simple approach allows the fabrication of both long
monolithic closed SU-8 microchannels and large suspended membranes.

2 Experimental
2.1 Materials and methods
Our fabrication process is based on a SU-8 double-layer
structure. Figure 1 schematically shows the process flow.
Two SU-8 layers featuring different UV-absorption spectra
are superposed and processed. First, a standard SU-8 layer
(GM 1070, Gersteltec, Switzerland) is spin-coated on a
silicon wafer and processed (thickness 50 lm, 2,000 rpm
for 30 s, 400 mJ/cm2, mask 1). For microfluidic applications, this layer will define the height of the microchannel
(Fig. 1a). Parameters for soft and post-exposure bake are
indicated in Table 1. The layer is not developed at this
stage. Subsequently, the second SU-8 layer (GM 1060,
Gersteltec) is spin-coated on top of the first one (20 lm,
1,000 rpm for 30 s), soft-baked and exposed (Fig. 1b,
mask 2, 44 mJ/cm2).
The second SU-8 layer defines the thickness and shape
of the suspended membrane in the final monolithic device.
In order to fabricate the suspended structure, the optical
properties of the second SU-8 layer have been modified.
Exposure of the top layer must not affect underlying
unexposed parts. We solved this issue by using a SU-8 film
with enhanced UV-absorption, as is shown schematically
in Fig. 1b. Enhanced UV-absorption is achieved by
increasing the photoinitiator concentration of the standard
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Fig. 1 Fabrication process of a suspended SU-8 structure for a
monolithic closed SU-8 microchannel. a A standard SU-8 layer is
spin-coated on a silicon wafer, followed by a soft-bake, exposure to
define the channel walls (mask 1) and a post-bake. b A second layer
using a modified high-UV-absorption SU-8 is spin-coated, soft-baked,
and exposed to define the roof of the microchannel (mask 2).
c Exposure through mask 1 is applied before the post-bake to improve
the adhesion between the two SU-8 layers. d The SU-8 double layer is
developed to release the microchannel
Table 1 Parameters for soft-bake (SB) and post-exposure bake
(PEB) of the first SU-8 layer and the two superposed layers for the
fabrication of suspended structures
1st layer
Resist type:

1st ? 2nd layer
Resist type:

GM 1070

GM 1070/modified GM 1060

SB
30 ) 130°C

50 min

30 ) 80°C

25 min

130°C

5 min

80°C

120 min

130 ) 30°C

50 min

80 ) 30°C

25 min

PEB
30 ) 80°C

30 min

30 ) 90°C

20 min

80°C

20 min

90°C

50 min

80 ) 30°C

90 min

90 ) 30°C

90 min

SU-8 (GM 1060) by a factor k (k = 5 or k = 10; k = 1
refers to the unmodified commercial resist). Different
concentrations were prepared by mixing corresponding
quantities of dissolved triarylsulfonium salt with SU-8.
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To ensure good adhesion between the two superposed
patterned SU-8 layers in the final structure and full crosslinking of the top SU-8 layer is required at the interfaces.
This is achieved by an additional exposure step through the
first mask (Fig. 1c, mask 1, 30 mJ/cm2). After a final postexposure bake, the wafer is developed in propylene glycol
monomethyl ether acetate (PGMEA) for 16 min to release
the microchannels and to remove encapsulated unpolymerized SU-8 (Fig. 1d). The developing time was experimentally determined in order to completely release the
channel with the smallest cross-section (50 9 50 lm2).
Soft-bake and post-exposure bake temperatures and ramps
are adjusted experimentally and are summarized in
Table 1. The soft-bake parameters of the second layer are
most critical as they affect also the properties of the
underlying first layer. In order to avoid overheating of the
first layer, the maximum temperature of the post-exposure
bake is reduced from 130°C (value recommended by the
supplier) to 80°C and the time was increased from 5 to
120 min.
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3 Results and discussion
3.1 Characterization of the modified SU-8 layers

Previously, we reported on an integrated microfluidic system for the retention and manipulation of magnetic particles in a microfluidic channel (Moser et al. 2009a, b). For
that purpose, soft magnetic microtips had to be placed in
close contact to the channel in order to generate high
magnetic field strength and gradients. As schematically
shown in Fig. 2, this device requires open recesses and
sealed microfluidic structures in close contact on the same
chip. The magnetic tips are typically 100 lm wide and the
channel sidewall thickness is 40 lm. This device is presented here as a representative example for a possible
application of the new SU-8 process.

Increasing the photoinitiator concentration in the upper
SU-8 layer enhances absorption of UV-light. We take
advantage of this property to minimize crosslinking of the
underlying SU-8 in the double-layer during exposure.
Figure 3 shows measurements of the transmitted light
through a 20 lm thick SU-8 layer (GM 1060) on quartz in
the range of 280–420 nm. Transmission curves have been
recorded for three different photoinitiator concentrations
(k = 1, 5 and 10) using a Lambda 900 spectrophotometer
(Perkin Elmer, USA). For the wavelength of interest (Hg
I-line, 365 nm), the transmitted light for a standard SU-8
film (k = 1) is 87% of the incident light. A fivefold
increase of the photoinitiator concentration (k = 5) results
in a strong reduction of the transmitted light intensity to
69%. Further increase of the photoinitiator concentration
still reduces the transmitted intensity, but the effect is less
pronounced (59% for k = 10).
It is important for the fabrication of suspended SU-8
structures to precisely control the thickness of polymerization when exposing the upper layer of the layer sandwich. The latter was determined by backside exposure of a
20 lm thick single SU-8 film through a quartz wafer.
Exposure at various doses results in polymerization of the
film on the side in contact with the wafer, leaving an
unpolymerized portion on top of it. After development,
only the polymerized film remains on the wafer. Figure 4
shows the polymerization thickness as a function of
exposure dose for two different photoinitiator concentrations (GM 1060, k = 1 and k = 5). Films with higher
photoinitiator concentration (k = 10) show bad uniformity,
most likely due to an excessive amount of solvent.

Fig. 2 Schematic view of a microfluidic device for magnetic particle
handling on-chip. This device requires, on the same chip, a
monolithic sealed SU-8 channel and open recesses for easy insertion
from the top and accurate positioning of the magnetic microtips in
close contact with the rigid channel sidewalls. A high-UV-absorption
SU-8 layer is used to define the channel top membrane

Fig. 3 Transmittance of 20 lm thick SU-8 films (GM 1060) on
quartz at different wavelengths as a function of the relative
photoinitiator concentration k (k = 1 refers to the standard concentration). In the modified films with 5 or 10 fold increase of the
photoinitiator concentration a clear reduction of the transmittance
from 87 to 59% is observed for the I line of the Hg spectrum
(k = 365 nm)

2.2 Integrated monolithic microfluidic device
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Fig. 4 Polymerized SU-8 film thickness as a function of the exposure
dose D, as obtained by backside exposure after development
(k = 365 nm, normalized with respect to the initial film thickness
of 20 lm). Standard SU-8 (k = 1, GM 1060) and SU-8 with a 5 fold
increased photoinitiator concentration (k = 5) are compared
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channels on silicon substrates. The thickness of the lower
layer, i.e., the channel height, is 50 lm and the thickness of
the top layer is 20 lm, respectively. The exposure dose of
the modified film is adjusted experimentally to 44 mJ/cm2.
According to Fig. 4, this dose is sufficient to trigger
crosslinking in about 10 lm of the modified upper SU-8
layer. Crosslinking of underlying unexposed structures
may therefore be securely avoided. These ‘‘sacrificial’’
parts are fully dissolved during development. The additional exposure step (Fig. 1c) allows fully polymerizing the
20 lm top layer at areas that are attached to the underlying
SU8 structures.
Figure 5 shows scanning electron microscope (SEM)
pictures of the cross-section of three monolithic SU-8
microchannels that have been fabricated with the new
method. The channel width is in the range of 50–200 lm
with a length of 2 cm. Pictures of the cross-sections are
taken in the middle of the channel and show the complete

The polymerization thickness as a function of the
exposure dose is related to the contrast c of the resist,

1
D0
c ¼ log i
ð1Þ
D
where D0 is the dose required to reach full polymerization
of initial film thickness. The critical dose Di corresponds to
the dose limit below which the complete SU-8 layer is
dissolved during development (i.e., no polymerization
occurred). In general, standard SU-8 formulations have
high contrast, as is required for patterning thick layers with
high aspect ratio. In our case, it is important to reduce
the contrast of the top SU-8 layer in order to increase the
window between the critical exposure dose Di and the
exposure dose D0 that leads to complete polymerization of
the layer. The corresponding values can be derived from
Fig. 4 (D0 for a normalized film thickness of 1 and Di for a
normalized film thickness of 0). We find Di = 15 mJ/cm2
and D0 = 150 mJ/cm2 for the standard SU-8 film (k = 1),
and Di = 9 mJ/cm2 and D0 = 250 mJ/cm2 for the modified SU-8 film (5 fold increased photoinitiator concentration, k = 5), respectively. Using Eq. 1, we derive a
contrast c of 0.7 for the modified film, compared to 1.0 for
the standard film. Increasing the photoinitiator concentration thus decreases the slope of the dose-thickness curve in
Fig. 4, allowing more precise control of the exposure of the
modified top layer. As a consequence, residual polymerization of the underlying unexposed SU-8 can be efficiently
avoided.
3.2 SU-8 microchannels
Double layer sandwiches comprising a standard SU-8 film
(k = 1) and a modified SU-8 film (k = 5) are processed as
shown in Fig. 1 to fabricate monolithic closed microfluidic
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Fig. 5 a–c SEM pictures of cross-sections of different monolithic
SU-8 channels fabricated using a SU-8 layer with modified optical
properties for the suspended channel top membrane. The nominal
cross-section areas are a 100 9 50 lm2, b 50 9 50 lm2, and
c 200 9 50 lm2 with a mean channel roof thickness of 10 lm. The
channel length is several centimeters. Pictures are taken in the middle
of the channel. d Photograph of three membranes (thickness 10 lm)
with a suspended area of 1 9 1 mm2, 2 9 2 mm2 and 3 9 3 mm2.
The SU-8 membrane can withstand its own weight up to 2 9 2 mm2,
however, it collapsed for larger areas
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Furthermore, the distance of the tips from the magnetic
particle suspension in the channel is a critical parameter. It is
defined by the sidewall thickness of the microchannel.
However, thin PDMS sidewalls may be easily deformed
when inserting the magnetic tips, resulting in inaccurate
positioning and, in the worst case, in leaking microchannels.
Our new fabrication technique for monolithic SU-8 structures provides a reliable solution for these issues.

4 Conclusion

Fig. 6 Fluidic experiment showing the displacement of the meniscus of
a water/air interface in a 100 9 50 lm2 channel at a flow rate of 0.5 nl/s

dissolution and removal of encapsulated unpolymerized
SU-8 in the channel. Due to the choice of the exposure
dose, the resulting final thickness of the suspended structure, i.e., the roof of the microchannel, is about 10 lm. The
required fine adjustment of the polymerized layer thickness
is only possible with the modified SU-8. Similar experiments using a SU-8 top layer with standard properties were
not successful. Large perforated membranes with a thickness of 10 lm and an area up to 2 9 2 mm2 could also be
fabricated successfully (Fig. 5d). This demonstrates the
feasibility of fabricating different kinds of suspended
structures with this new method.
A fluidic experiment was carried out to verify the stability of the microchannel during flow injection. Water was
injected in a 100 9 50 lm2 channel at 0.5 ll/s during
5 min. Using these flow conditions the pressure drop along
the microchannel is Dp = 1.4 9 104 Pa. No leakages or
damage of the microchannels were observed. The adhesion
between the two superposed SU-8 layers is therefore sufficiently strong to carry out standard microfluidic experiments. Figure 6 shows the displacement of the meniscus of
a water/air interface in the same channel. In this case, a
flow rate of 0.5 nl/s was applied by suction through the
fluidic connection via a syringe pump.
As an example for a possible application, we described
above a device, in which robust and precise positioning of
magnetic microtips close to a microfluidic channel is critical
(see Fig. 2). A first device was made of commonly used
micromoulded PDMS channels bonded on a glass slide. In
this case, the magnetic parts had to be inserted from the side
of the chip in between the glass and the PDMS part (Moser
et al. 2009a, b). This operation is not suitable for reproducible and automated positioning of the magnetic parts.

We have developed a new and simple method for the
fabrication of monolithic SU-8 microchannels and suspended SU-8 membranes. Only standard photolithographic
equipment is required, the process can therefore be easily
implemented in any microfabrication lab facility. The
process is based on a SU-8 double layer structure comprising a top layer with enhanced UV-absorption. In this
way, selective polymerization of the free-standing parts of
a microstructure can be achieved. The present approach
allows for high density integration of open, free-standing
and hollow SU-8 structures on the same chip. This versatile
approach opens new options for the design of microfluidic
circuits or microdevices incorporating membranes. Certain
drawbacks of commonly used PDMS microfluidic devices,
related to the elasticity of the material for instance, as well
as certain packing and interfacing issues, may be circumvented with this new technique.
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