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Formation of Round Channel for Microfluidic
Applications
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Abstract—PDMS (Polydimethylsiloxane) polymer is a suitable
material for biological and MEMS (Microelectromechanical systems)
designers, because of its biocompatibility, transparency and high
resistance under plasma treatment. PDMS round channel is always
been of great interest due to its ability to confine the liquid with
membrane type micro valves. In this paper we are presenting a very
simple way to form round shape microfluidic channel, which is based
on reflow of positive photoresist AZ® 40 XT. With this method, it is
possible to obtain channel of different height simply by varying the
spin coating parameters of photoresist.
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[. INTRODUCTION

ICROFLUIDIC devices have significant applications in
biological processing and chemical reactions and also
show potential use in “lab on chip” (LoC) technology.

Lab-on-Chip (LoC) device is an example of system yielding
a sensor like system requiring minimal quantities of biological
samples. A variety of recent technological breakthroughs in
the fabrication of thin film physical [1] and optical [2] sensors
have made possible the development of lab-on-chip (LoC)
systems where several functional modules are integrated onto
a single substrate [3], [4]. Each module has a specific function
in the sample-treatment chain: of sample injection, reaction,
separation and detection.

The high integration level of the LoCs allow to accomplish
complex chemical or bio-chemical functions of large
analytical devices on a single sensor like system with a fast
response time, low sample consumption and on-site operation.

These LoCs are very useful for early diagnosis of various
diseases [5], [6] like glioblastoma multiforme (GBM),
medulloblastoma (MB), by performing PCR (Polymerase
chain reaction) to detect the specific cancer stem cells (CSC).

The use of microfluidic devices help to reduce the laborious
work and experimental error with increase in throughput.
Sizes of microfluidics devices may range from micrometer to
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few square centimeters. These devices are capable to handle
fluid volume even smaller than pico liter scale. Glass is a
popular substrate but it is not widely used for making
microfluidic channel, due to its long process time. Nowadays,
polymeric materials such as PDMS, polymethyl methacrylate
(PMMA) are often used for microfluidic system fabrication.
PDMS and PMMA have many advantages over the glass
substrate [7] such as low cost and they are easy to use.
Generally a microfluidic device consists of a channel with
inlet, outlet and a reaction chamber as shown in Fig. 1.

Many researchers groups [8], [9] have reported the leakage
of fluid from the reaction chamber while performing a
chemical reaction. This leakage is due to heat generated or
consumes during reactions, which increase the pressure inside
the chamber and therefore induces the failure of the
experiment.

Fig. 1 Microfluidic Channel with inlet and outlet and a reaction
chamber

To overcome this problem it is necessary to confine the
liquid into the reaction chamber. One way to solve this
problem is to develop membrane type microvalves along the
flow channel. When the temperature of these valves is
increased they start expanding into the round shape and try to
close the microfluidic channel. It happens due to the pressure
development while heating the valves. However, the shape of
microfluidic channel made by conventional approach is
rectangular. This rectangular channel is not completely match
with the round shape of membrane deformation [8] which also
results to the leakage of fluid. The complete procedure to close
the channel while heating the microvalves is depicted in Fig.
2. The only way to remove this problem is to make perfect
sealing between the microfluidic channel and membrane of the
valves. Round shape of PDMS microchannel is highly
desirable for perfect matching with membrane type
microvalves.

Round shape PDMS flow channels also have significant
impact on the maximum pressure head and flow rates, both of
which are improved by replacing square flow channels with
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round profile [10].

Different Research groups have developed round
microfluidic channel by using different approach. Futai et al.
[11] used a backside diffused light photolithography strategy
combined with small aperture sizes on their photo mask .They
produce 200 um wide semi round channels. Abbas et al. [12]
used a positive photoresist (AZ9260, Hoechst) combined to a
plasma polymerization technique of tetramethyldisiloxane
(TMDS) to create 25 pm wide straight round channels. Song
et al. [13] used metal wire moulding technique to form 300
pm wide and perfectly round channels.

Reaction Chamber
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Fig. 2 (a) Top view of microfluidic channel with inlet (I), outlet (O),
reaction chamber and membrane type microvalves (V) (b) Cross
sectional view of Microfluidic channel with membrane type
microvalves

Lee et al. [14] used the viscous property of liquid PDMS
before curing to achieve a coating by stacking three layers of
PDMS. Keeping the interlayer in the liquid state and the upper
layer with a 300 pm wide squared channel, a meniscus was
formed and gave rise to a semi rounded channel. Abdelgawad
et al. [15] used straight-squared channels of PDMS filled with
liquid PDMS and they injected an air stream to produce 100
um wide round channels with a maximum length of 16 cm.
Magalie. De Ville et al. [16] used the method which is based
on the optimization of the wetting parameters to produce
hydrophobic/hydrophilic steps for the channel pattern
definition together with the use of alginic acid sodium salt
aqueous solution. From these results it is obvious that the
preparation of PDMS round channels is a real challenge.

The reported methods require sophisticated equipment and
several steps. In this paper we are presenting a very simple
method to make round shape microfluidic channel. This
approach is based on reflow of thick film photoresist.
Photoresist reflow is a unique method to generate a
hemispheric cross-section using heating effect of photoresist.
This approach is very useful for 3-D microstructure
fabrication. The channels fabricated by this method have
variable height related to spin coating parameters used to

deposit the photoresist, like spin speed and spinning time .In
particular in the Fig. 3, the thickness of AZ® 40 XT is
reported as function of spin speed and spinning time.

In photoresist reflow the temperature of photoresist is
higher than its glass transition temperature. Under reflow
condition photoresist become soften and change its shape.

Some photoresists show cross-linking phenomena while
heating at temperature, which is higher than the glass
transition temperature of photoresist. The resists which show
cross link phenomena, they become dense and do not change
its shape. However some resists do not show cross-link and
they start melting and change its shape. Most negative
photoresists cross-link [17] and are not useful for reflow. But
all common positive resists do not cross-link and starts soften
at approx. 100-130°C [18]. All common positive resists show
reflow phenomena and are useful for making round shape
profile. The shape of PDMS microchannel depends on the
structure of mold made by photoresist. Therefore it is possible
to make round channel only by making round shape mold.

II. EXPERIMENTAL PROCEDURE

There are series of various AZ materials which show reflow
at certain temperature and time. The choice of resist to make a
mold for channel depends on the required channel thickness
some values reported in Table I [18].

TABLEI
LIST OF AZ PHOTORESIST WITH THICKNESS ACHIEVED

Positive photoresist Thickness achieved

AZ® 1500 series 1-4 um
AZ® 4533 3-5 um
AZ® 4562 or 9260 5-30 pm
AZ® 40 XT > 30um

To make channel for microfluidic application generally we
need thick layer so we have chosen AZ® 40 XT for making
the mold for channel. AZ® 40 XT is a thick positive
chemically amplified photoresist with superior performance
for wet and dry processes. It is capable to give thickness of
photoresist around 60um in a single coat and thickness up to
100 um is possible via multiple coating. Experiment was start
using glass substrate coated with chromium (Cr) for mold
making. Chromium coated substrate shows a good adhesion
between the substrate and device [19], [20].

AZ® 40 XT has been spread on the glass substrate coated
with chromium. By varying the spin speed and spinning time
thickness of the photoresist can be changed. Values of
thickness achieved have been checked by profile meter, some
typical values have been reported in Fig. 3.

To achieve thickness of photoresist around 50 um spinning
is done at 1500 rpm (round per minute) for 20 seconds.
Softback was at 127°C for 7 minutes. Lithography was
performed using hard mask made in Cr. Mask has channel
shape of dimension around 500 pm wide and 3cm long, as
shown in Fig. 1 (printed in opposite way channel shape
painted black other part is transparent for positive photoresist).
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Fig. 3 Variation of thickness of AZ® 40 XT photoresist with spin
speed and spinning time
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Fig. 4 Photolithography process for positive photoresist

Energy of exposure was 800 mj /cm”. Post exposure bake
was at 105°C for 90 seconds. Finally we put the sample into
726 MIF developer solutions for 4 minutes at room
temperature. Lithography process for positive photoresist is
shown in Fig. 4.

For making the reflow of photoresist, it is necessary to heat
the photoresist for certain period of time at a fixed temperature
higher than the glass transition temperature of photoresist. The
whole process of reflow is shown in Fig. 5.

Initially, when the sample is at room temperature the shape
of mold was rectangular, Fig. 5 (a). When the sample is heated
at 130 °C for 1 minute, reflow began and photoresist become
soften at this temperature. The shape of mold starts to change
as shown in Fig. 5 (b). Corners of mold start to attend round
profile but still it is not completely round. When the
temperature is reached at 130° C for 2 minutes mold changed
its shape completely. The rectangular shape of mold changed
completely into round shape as shown in Fig. 5 (c). In this
way we achieved round shape of mold.

To make the round shape PDMS microchannel, silicone and
curing agent were mixed in the ratio of 10:1. This mixture was
put under vacuum for 30 minutes to remove air bubbles.
Thereafter the whole mixture was poured onto the mold,
which was fixed in steel holder and baked for 1 hour at 85°C,
as shown in Fig. 5 (d).

Finally, the device is cut from the mold with the help of
knife and the cross-sectional view has been seen under optical
microscope Fig 5 (e). We have pour the mixture of PDMS
onto the mold made in AZ® 40 XT without reflow and with
reflow to see the change in the shape of microchannel in all
conditions.

) —

 Eam
]

Fig. 5 (a) Structure of mold without heating (b) Structure of mold
when photoresist start to change the shape because of reflow at 130°
C for 1minute (c) Round shape of mold because of reflow at 130 °C

for 2 minutes (d) PDMS pouring onto the mold (e) Shape of
microfluidic channel after pilling

III. RESULTS AND DISCUSSION

The cross sectional views of channel have been seen under
microscope, which clearly show how photoresist change its
shape while reflow at certain temperature and time. Fig. 6 (a)
is the result of top view of channel. Fig. 6 (b) is the cross
sectional view of channel without reflow shows a perfectly
rectangular shape. When the mold is heated at 130°C for 1
minute, the cross sectional view of PDMS channel shows that
reflow start and the channel start bending from corner but it is
not perfectly round Fig. 6 (c).When the mold was at 130° C for
2 minutes PDMS microchannel shows completely round and
sharp profile as shown in Fig. 6 (d).This round profile was
desirable which shows the successful experiment.

By this approach, we made a round channel of height
around 50 pm. With this method it is possible to obtain the
channel of different height simply by varying spin speed and
spinning time of photoresist.
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Fig. 6 (a) Top view of PDMS microfluidic channel (b) Rectangular
shape of PDMS microfluidic channel without reflow (c) Rounded
corner profile of PDMS microfluidic channel, reflow at 130 °C for 1
minute (d) Completely rounded profile of PDMS microfluidic
channel, reflow at 130 °C for 2 minutes

IV. CONCLUSION

In this paper, we have presented the procedure to optimize
the time and temperature parameters for reflow of AZ® 40 XT
positive photoresist. We have developed microfluidic channel
of height around 50 um. We have also optimized the spin
coating parameters in order to get channel of different heights.
We believe that the technique reported in this work is very
useful for many microfluidic applications.
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