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ABSTRACT

Micfrofluidic device has become as one of the useful device that will provide a great benefits in many field
due to the capabilities of handling fluid in the microscale operation. From the past until present, many research
has been made in order to increase the function and precision of this microfluidic device for examples to be used
in biomedical, nuclear system and replacing the big and high cost machines with this small and cheap device.
Microfluidic device consist of some basic components or structure that is micromixer, microchannel and
microchamber. The dimension of its structure, design of microfluidic chip and techniques of fabrication used are
affecting the precision of analysis and functions of the microfluidic devices. The SU-8 mold are well known as
the most famous technique in microfluidic fabrication due to the characteristics ofvery viscous polymer that can
be spun or spread over a thickness. Therefore, this study presented about fabrication about development of SU-8
mold on the glass substrate to replace the wafer substrate used in the previous research in order to reduce the
fabrication cost. This technique will make the microfluidic production in mass production become more
realistic. This paper summarizes the fabrication process of lab SU-8 mold by using glass substrate. Some
characterized results are included in this paper.
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Introduction

SU-8 mold or master is the most important device in microfluidic fabrication. This mold will define the
design and dimension of the microfluidic device to be produced in soft lithography process (Adam, T., 2012;
Adam, T., 2012; Hashim, U., 2012; Al-Mufti, W.M., 2012; Adam, T., 2012; Adam, T., 2012; Adam, T., 2012).
The SU-8 mold design need to be precise and acceptable based of its functionality such as the length of
microchannel, width of microchannel, depth of microchannel, shape of the micromixer (Hashim, U., 2012;
Hashim, U., 2012; Rao, B.S., 2012; Adam, T., 2012; Hashim, U., 2012; Adam, T., 2012; Hashim, U., 2012;
Adam, T., 2012; Chee, P.S., 2012), size of the chamber and number of inlet channel (Adam, T., 2013; Adam, T.,
2013; Adam, T., 2013; Adam, T., 2012). This characteristic need to be observed in order to produce the
microfluidic device that capable to allows a complete diffusion along the microchannel, synthesis the fluids of
different concentration at a higher range of concentration and able to automate and perform the chemical
analysis alone just by pumping a few drop of testing fluids without any problems.

Fig. 1: The SU-8 mold on glass substrate.

SU-8 mold are made up from a epoxy-based negative photoresist which is used to create patterns with high
aspect ratio structures. SU-8 is a very viscous polymer that can be spun or spread over a thickness. SU-8 mold
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technique in microfluidic fabricaion possesses several advantages, such as can be used repeatedly and allows the
fast prototyping of microfluidic device. The ultra thick resists also become as advantages due to the fabrication
of various depth of microfluidic channel to optimize the rate of response such as in biosensor applications.

Materials Involved:

Throughout the fabrication of microfluidic device, there are several chemical material involved, such as
acetone, SU-8 photoresist, Isopropanol (IPA) and Glass. Acetone and IPA serve in substrate cleaning to remove
the contaminants and particles from the glass substrate. SU-8§ is a typical used epoxy-based negative photoresist
which is used to create patterns with high aspect ratio structures. SU-8 is a very viscous polymer that can be
spun or spread over a thickness. During exposure, the molecular chains of SU-8 are cross-linked and hardened.
The developer used for SU-8 is 1-Methoxy-2-propanol acetate.

SU-8 was used once as a high-resolution mask in fabrication process. But it is mostly used in the
fabrication of microfluidics device and MEMS parts. SU-8 has high transparency in the ultraviolet region, and
allows the fabrication of thick structures with nearly vertical side walls. After exposure and development, the
high cross-linked structure has strong immunity to chemicals and radiation damage.

The SU-8 resist attached to glass substrate to replace the wafer substrate in order to reduce the fabrication
cost. Glass is an amorphous (non-crystalline) solid material that exhibits a glass transition, which is the
reversible transition in amorphous materials (or in amorphous regions within semicrystalline materials) from a
hard and relatively brittle state into a molten or rubber-like state.
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Fig. 2: (a) The microscopic glass used (50mm x 20mm x 1mm).(b) The PDMS elastomer and a glass substrate
for plasma treatment.

Fabrication:

Several design of microfluidic device are design by using AutoCAD. The types of microfluidic devices are
designed to be vary in the form of micromixer shape and the dimension of the channel. The thickness of the SU-
8 resist can be manipulated by using spin coating technique. The longer of the spin coating process, the thinner
the SU-8 resist. The first step in the microfluidic chip fabrication is sample preparation. This step will affect the
result and method to be used in this fabrication process. The information about the starting materials will be
discussed in the next subsection such as types of materials and its dimension.In this project, the fabrication
process were done on a microscopic glass as the based material. The microscopic glass of size 50mm x 20mm
x1lmm are used. This glass was used as a base for the mold of microfluidic device. Figure 3 shows the
microscopic glass used in this project.

The microscopic glass must undergo cleaning process. The glass is cleaned by using Isopropanol (IPA) and
distilled water (DI water) to remove any types of contaminants from the glass surface.  After cleaning process,
the sample going to the next step which is resists coating. This process step is purposed to spread the thin SU-8
layer all over the surface of the substrate and improve the adhesion of the whole SU-8 layer on the glass surface.
The glass substrate are attached to the spin coater. After that, about 10ml of SU-8 are dropped at the centre of
the glass substrate. Then the spin speed is set up to 100rpm for 10 seconds, 150rpm for 25 seconds and Orpm for
5 seconds.After spin coating process, the sample is soft bake on the hot plate. This soft baking process is to
produce the high aspect ratio imaging. During the soft baking process, the solvent level of SU-8 layer is
reduced, and hence decreases the risk of exposed resist loss, swelling and the adhesion defects.The sample is
baked for at least 2 hours at 70°C. After that, the sample are left on the cold plate for 20 minutes for cooling
process.After the cool down,sample is aligned and exposed under the UV light. MIDAS aligners are used in
photolithographic processes to transfer a pattern from a mask glass to a photoresist coating on the substrate. The
photoresist-coated substrate is exposed to single ultraviolet light beam through a mask glass, which casts a
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shadow on the surface to define the photoresist mask.After exposure, the glass is transferred to hot plate to hard
bake at the temperature of 95°C for 20 minutes. Shapes of patterns can be observed clearly on the SU-8 layer of
wafer after the post exposure baking. After photolithography, the sample must undergo the development
process. The sample will be develop using the developer solution. The purpose of the development process is to
selectively remove the unwanted resist and form the remaining pattern. In this project, the developer used to
leave behind the correct resist pattern on the glass which will serve as the physical mask that covers areas on the
wafer that need to be protected from chemical attack during subsequent etching. The process always followed
by through rinsing and drying to ensure that the development action will not continue after the developer has
been removed from the glass surface. The remaining SU-8 on the glass surface are called microfluidic mold that
will be used in the soft lithography process.

Result and Discussion

The SU-8 mold is designed by using AutoCAD software. The important parameter such as units of
precision of drawing units and number of layers need to be fixed at the early stage of the drawing. Then the
design of SU-8 mold can be sketched by using this software to be used as photomask in photolithography. The

design of photomask will be formed on the resists layer after photolithography process.
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Fig. 4: (a)the AutoCAD design (b)the design transfered onto transperancy paper.

Figure 4a shows the photomask design using AutoCAD software before printing process. Figure 4b shows
the design that has been transfered onto transperancy paper and ready to be used as photomask for

photolithoaraphy process.
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Fig. 5: The microfluidic device on a glass.

(c) (d)
Fig. 6: (a) mold grove and (b) SU-8 mold channel width.
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Figure 6 (a) (b) shows the width of SU-8 mold using high power microscope of 40X magnification. The
width obtained in figure 6 (a) shows the width for about 771.92 m while in figure 6 (b) shows the width of
776.0 m.
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Fig. 7: (a) The SU-8 formation under SEM (scanning electron microscope) (b) HPM image of fabricated

channel.

Figure 7 shows the SU-8 mold formation under SEM. The width of the microchamber recorded is 3.63mm
and the width of microchannel recorded is 1.46mm

This project was conducted by using low cost fabrication method. The glass substrate are used in
photolithography process to replace silicon wafer that normally used in the previous research. At early stage of
this experiment, the glass is cleaned with acetone, isopropanol and distilled water, but the su-8 resists are not
attached well to the glass surface during spin coating process. The cleaning process are changed to overcome
this problem, the glass substrate are cleaned with only using distilled water and the su-8 resists attached well to
the glass substrate during spin coating process. The implementation of the glass slide in the fabrication process
possesses several advantages, such as the cheap cost and the easy to observe the SU-8 structure from the back of
the glass. In photolithography process, in order to create patterns with high similarity to the mask, the gap and
position of the mask and sample need to be adjusted precisely and as close as possible. The SU-8 layer is thick
and sticky, the mask cannot touch the SU-8 layer to avoid any unwanted shape during the exposure process. The
soft bake and cool down duration has to be increased to 2 hours and 20 minutes respectively in order overcome
the problem. Due to the increased time of soft bake, the SU-8 layer is hardened and the gap between mask and
substrate can be minimized without worrying the sticking problem. The parameter for exposure part also need to
be adjusted because the increases of soft lithography time will also make the exposure process become harder,
the exposure time need to be increased. The development time has to be increased as well.

Conclusion:

The main objectives of this research to fabricate a SU-8 mold on the glass substrate for microfluidic chip
fabrication been achieved through the SU-8 mold fabrication method. The fabrication process of the SU-8 mold
is demonstrated. The fabrication process involves the Sample preparation, SU-8 spin coating, Soft bake,
Photolithography and Development. The SU-8 mold on the glass substrate shows a good adhesion as good as
wafer substrate, but it cannot stands a longer fabrication due to the degradation of SU-8 resist on the glass
surface. This fabrication technique need to be modified to overcome this problem in order to produce a high
quality of mold which is can be used in a longer time at a lower fabrication cost.
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