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Abstract. Rapid prototyping of microchannel gain lots of attention from researchers along with the rapid
development of microfluidic technology. The conventional methods carried few disadvantages such as high
cost, time consuming, required high operating pressure and temperature and involve expertise in operating

the equipment. In this work, new method adapting xurography method is introduced to replace the
conventional method of fabrication of microchannels. The novelty in this study is replacing the adhesion

film with clear plastic film which was used to cut the design of the microchannel as the material is more

suitable for fabricating more complex microchannel design. The microchannel was then mold using
polymethyldisiloxane (PDMS) and bonded with a clean glass to produce a close microchannel. The
microchannel produced had a clean edge indicating good master mold was produced using the cutting
plotter and the bonding between the PDMS and glass was good where no leakage was observed. The
materials used in this method is cheap and the total time consumed is less than 5 hours where this method is

suitable for rapid prototyping of microchannel.

1 Introduction

Microfluidics technology involves the utilization of the
devices that have the dimensions less than 1 mm which
allow the precision in handling of fluids. This
technology have been developed tremendously and have
massive impact in wide variety of applications. Low
sample and reagent volume is use due to the usage of
micrometer-sized channel resulting in creating less waste
and environmental problems. The miniaturization of
analytical technique using microfluidic technology bring
advantages such as reduce the equipment size, shorten
the reaction or analysis time and the possibility of
develop of portable devices.

The miniaturization system has provide a new
platform to fluids manipulation components [1] such as
pumps, valves, filters and mixing. Microfluidic devices
were also widely used in reaction [2-4] and heat transfer
[5, 6]. Microfluidic plays an important role in detection
technique including separation [7] and food analysis [8,
9]. Besides, lab-on-chips were greatly incorporated in
clinical [10-12], cell biology [13] and droplet generators
[14, 15].

Rapid prototyping of microfluidic devices have been
the concern of the researchers along with the
instantaneous development of microfluidic technique
nowadays. Several rapid prototyping methods to
fabricate microchannels were introduced including wet
etching, conventional machining [16], photolithography,
soft lithography, hot embossing, injection molding, laser
ablation, and plasma etching [17].
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There are some disadvantages of these conventional
methods. Machining itself involve combination of few
techniques of microchannels fabrications such as wet
etching, photolithography and others which also requires
the clean room facilities thus increases the cost of
fabrication [18-20]. Embossing process consumes lots of
time [21] and it is not suitable for prototyping few
microchannels for testing purposes. Due to the
complexity of molding equipment and high operating
temperature and pressure [22], injection molding is more
suitable for industrial compare to research application.

In most of the laboratory environment, soft
lithography is used as rapid prototyping due to the
advantages such as low cost and less time consuming
[23, 24]. The material use in soft lithography is
polydimethylsiloxane (PDMS) which has high optical
transparency and high gas permeability thus suitable
even for cell and biology applications [25]. Due to the
elastomeric properties of PDMS even complex 3D
microchannels also can be fabricated [26]. PDMS also
showed excellent bonding to itself or other materials
[27]. However, soft lithography involving fabrication of
special silicon master composed of photoresist with the
design of microchannel on it. This process is much more
consuming time and need special equipment also
chemicals especially when changes of design required.

With the development of the cutting plotter
nowadays, the resolution and alignment of cutting plotter
have drastically improved thus lead to microscale
prototyping [28]. Xurography is a method where a
master mold is cut using a cutting plotter machine.
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Martinez-Lépez et al. [29] and Neuville et al. [30]
utilized adhesive film to cut the master mold. However,
the produced master mold from adhesive film is suitable
for simple design where it is hard to manipulate when
complicated design is required. In order to solve the
problems occur when using the conventional method,
therefore in this study, new low-cost rapid fabrication of
microchannel adapting xurography method is introduced.
Clear plastic film is chosen in this study, replacing
adhesive films, to cut the desired design.

2 Methodology

Semi-clogged heart blood vessels (Fig 1a) according to
the angiogram of the real heart vessels (Fig 1b) was first
drawn using Graphtec Studio. A clear plastic film with
the thickness around 200 um was used to cut the master
mold using Graphtec cutting plotter CE6000-60 (Fig 2a).
The design was peel off from the plastic film (Fig 2b)
and pasted on glass (Fig 2¢) using a thin layer of heat
resistance glue. Glass was chosen due to its chemical
resistance property.

Mixture of PDMS and curing agent at the ratio of
10:1 was prepared in a disposable plastic cup. 60 g of
PDMS and 10 g of curing agent were weighed and then
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mixed using a mixing machine (model: Thinky mixer).
The revolution balance dial was adjusted according to
the total weight of the cup and the adapter of the mixer.
The program was set to mix the mixture at 1000 rpm for
5 min and defoaming (degassing) at 400 rpm for another
5 min.

The degassed mixture was then poured on the design
(Fig 2d) which placed in a petri dish which was then
placed in a desiccator for 40 min to remove all the air
bubbles that might trapped inside (Fig 2e). The PDMS
was then placed in an oven at 60 °C for 2 and a half
hours for soft baking process which can solidify the
PDMS (Fig 2f).

The PDMS was cut along the edge of the glass using
a scalpel (surgery knife) then peeled off carefully and
slowly from the design using a tweezer (Fig 2g). The
inlet and outlet of the microchannel were punched using
a puncher (Fig 2h). Both the PDMS and glass slide were
placed in plasma cleaner for 2 minutes (Fig 2i) and then
put together where the design of microchannel facing the
glass slide and pressed slightly to let them bond together
(Fig 2j). A suitable length of tubes was cut, and all the
inlet and outlets were connected using the tubes. The
microchannel was ready for further testing.
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Fig 1. (a) Design of the microchannel using Graphtec Studio (-‘t_>) Angiogram of heart blood vessels
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Fig 2. Schematic diagram depicting xurography method

3 Results and Discussions

The cutting quality of the cutting plotter is depended on
some parameters such as the sharpness of cutting blade,
cutting force, cutting speed, the condition of the cutting
area and the material used. It is advisable to test cut for
cutting quality and setting of the cutting plotter
checking. For a more complicated design, it is always
recommended that use a lower speed for a better cutting
quality especially for a design having curvy edges. For a
thicker material, the higher cut force will be needed.
However, test cut start from a lower cut force is
necessary to prevent damage to both cutting blade and
cutting area of the cutting plotter where the penetration
of the blade should not exceed the material itself. It is
also suggested not to use the maximum cut force. The
material use should always be compatible with the
specification of the blade to longer the lifespan of the
blade. In this case, a clean and high-quality cut is
required. Thus the cut speed was set at a lower level in
contrast to the higher level of cut force was set since the
thick material was used.

Qualitative visualization of the cross-sectional of the
microchannel was done to evaluate the quality of the
produced master mold (clear plastic film containing
design) which would directly affect the quality of
microchannel produced. A small part of the straight
microchannel was cut and brought to a scanning electron
microscope (SEM) for inspection purpose. Straight
microchannel was selected for clearer visualization. As
shown in Fig 3, clean edge of microchannel can be
observed at the cross-sectional area and along the entire
straight channel which indicated that high quality of
master mold was produced. This result also indicated
that the resolution of the cutting plotter and the
sharpness of the cutting blade were good enough to
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produce the master mold as it did not produce master
mold with crooked edge which would then affect the
quality of the produced microchannel. As a result, this
method can be used in rapid prototyping of microchannel
as high quality of master mold can be produced.

The complete microchannel was then brought for
testing by flowing liquid across it. This process was done
to test whether there is any leakage especially at inlet
and outlet of the microchannel. Besides, by flowing
liquid across the microchannel, checking for the
adhesion of the PDMS on glass also can be done. Green
food dye was used for the ease of visual inspection. The
flow of the fluid was provided by the vacuum and
pressure controller (model: Elveflow OB1) with a
pressure set of 100-500 mbar to push the fluid out from
the reservoir. Different pressure was set to check the
maximum volume of fluid can be carried by the
microchannel before backflow of liquid happen. In this
study, the maximum pressure set is around 450 mbar
where the flow rate of the fluid is around 3000 pl/min.
From Fig 4, there was no any leakage at either the inlet,
outlets or along the microchannel even when the
pressure was set at higher pressure, in this case 500
mbar. The result indicated that the bonding between the
PDMS and the glass was good. It is expected that the
great bonding between these two surfaces can withstand
higher pressure and flow rate in the channel without
affecting the bonding. This quality is advantageous for
researchers who required higher pressure and flow rate
across the channel for their work.

By stimulating the real blood vessels, researchers can
use the microchannels instead of animal testing which
did not follow the ethics of life. Beside heart vessels,
other blood vessels also can be stimulated using this
method. By using microchannel, the time consuming for
the experiment is believed to significantly reduced
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compared to animal testing. Thus, this method of
fabrication of microchannel will play a significant role in

the development of clinical and drug delivery studies.

2016/03/31 H D6.2 x40 2mm

Fig 3. SEM image of cross-section of microchannel showing the straight channel. The edge of the microchannel was
clean indicating high quality of the master mold was produced.

Fig 4. The complete microchannel was brought for flow testing. Food dye was used for visual inspection of leakage
testing of the complete microchannel. The bonding of the PDMS and glass was good and no leakage was observed.
in clinical researches thus replacing animal testing. The
feasibility of using other materials and the ability to cut

4 Conclusions

In this study presented a rapid and low-cost fabrication
of microchannel using xurography method where the
fabrication process only took less than 5 hours and
there is no need expertise to operate all the equipment.
The quality of the microchannel was depended on the
cutting quality of the master mold where high quality
of the cutting would produce a high-quality
microchannel with clean edges. The thickness of the
microchannel is depending on the paper material that
used to cut the design using a cutting plotter. The
current method is currently useful in producing
complicated design such as blood streams that is useful

blade to cut even smaller dimension should be further
explored to develop this method to other fields.
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