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ABSTRACT

High efficiency valve-less rectification micropumps are
essential in developing effective microfluidic systems. Many
parameters have been reported in the literature to have an effect
on the efficiency of valve-less rectification micropumps. These
parameters are related to the dynamics of fluid flow (such as
Reynolds number), rectifying geometries, or actuators (such as
actuator frequency). In this work, we studied the effect of the
material properties on the efficiency of valve-less rectification
micropumps. Two valve-less rectification micropumps based
on the same rectifying geometry, bifurcation, are fabricated
using two different materials, Polydimethylsiloxane (PDMS)
and SU-8 photoresist. The pumps are tested and results are
compared.  Experimental results suggest that the material
properties have an apparent effect on the pumping performance
of valve less rectification micropumps. The results are
presented in terms of flow rates and maximum back pressures.

INTRODUCTION

Valve-less rectification micropumps are mechanical
micropumps that have no-moving-parts and deliver favorable
flow rates compared to other mechanical and non-mechanical
micropumps. In addition to delivering favorable flow rates,
valve-less rectification micropumps are reliable, cost effective,
self-primed, and compatible with many materials and fluids,
fabricate with ease, and pump particles-laden fluids as well as
life cells [1-4]. Many valve-less rectification micropumps have
been reported in the literature with different rectifying
geometries such as nozzle/diffuser, Tesla, and bifurcation [6-8].
Studying the factors that affect the micropumps’ efficiency is
the main theme in the reported works. Reynolds number,
microfluidic diodicity, frequency, voltage, signal type, and
geometrical parameters for both rectifying geometries and PZT
actuators are among the factors that have been investigated [9-
14]. However, the effect of the material property on the

efficiency of valve-less rectification micropumps has not been
reported in the literature. In this study, we have fabricated two
valve-less rectification micropumps based on bifurcation
geometry using two different materials. The first micropump is
fabricated using elastic material, Polydimethylsiloxane
(PDMS), and the second is fabricated using inelastic material,
SU-8 photoresist. Both micropumps are tested at the same
operational conditions.

DESIGN

Figure 1 shows the design and dimensions of the valve-less
rectification micropump based on bifurcation geometry. The
bifurcation geometry is used to rectify the oscillatory flows
generated by a PZT actuator. Despite its role as a rectifier, the
nature configuration of the bifurcation has offered the potential
for mixing and pumping at the same time. The current design
has on generation which will allow mixing of two fluids. The
bifurcation has one primary channel (200pm) and two
secondary channels (100 pm), and the angle between the
secondary channels is 90° degrees. The pump chamber is 10
mm diameter and surrounded with alignment structures to easily
align the PZT actuator.
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Figure 1: The design of valve-less rectification micropump
based on bifurcation geometry
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FABRICATION

Softlithography is employed to fabricate the first
micropump while opticallithography for the second one. One
photo mask is written for each micropump . The first mask is
used to meet the requirements for PDMS Replica molding
(REM) method, where the micrpump structure is transparent
and the rest is opaque. One the other side, the photo mask that
is used with SU-8 micropump is written in the opposite way, the
micropump structure is opaque and the rest is transparent.
Writing the first mask is the first step to fabricate the SU-8
master which used later in the REM. A sods-lime glass was
employed to seal the PDMS channels using plasma oxidization.

The second photo mask is used to directly fabricate the
micropump in SU-8, then, the SU-8 channels are sealed with
soda-lime glass by using silicone glue dispensed from a micro
dispenser. The thickness of the SU-8 that is used for both
micropumps is 230 pm. Figure 2 shows cross sections of both
micropumps after fabrication.
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Figure 2: Cross sectional views for both micropumps: PDMS
based micropump and SU-8 based micropump

EXPRIMENTAL APPARATUS

Figure 3 shows the experimental apparatus which is used in
the present work. The experimental apparatus consists of an
amplifier (E-508.00 HVPZT, PI Physik Instrumente, Karlsruhe,
Germany), a frequency generator (Agilent 33220A, Agilent
Technologies Deutschland GmbH, Boblingen, Germany), an
oscilloscope (Tektronix, Japan), a digital microscopic camera
(dnt Gmbh, Dietzenbach, Germany), and a laptop. A square
signal and 220 V with a zero offset were used to control the

PZT. The micropump was investigated against a range of
actuator frequencies between 0 and 300 Hz with 50 Hz
increments. Ethanol is used as a working fluid for all
experiments. Flow rate measurements were conducted based on
the bubble tracking method [15]. A length scale (ruler) was
attached to the experimental stand for back pressure
measurements (ethanol column height). The digital microscopic
camera was fixed under the micropump chamber to monitor the
flow in real time during the experiments. The real-time
monitoring of the flow behavior during the experiments
provided assistance to analyze the experimental data. A blue
dye (Pelikan, Hannover, Germany) was used in the experiments
to better visualize the flow behavior and clearly track the
position of the air bubble inside the inlet/outlet tubes. The
frequency and the wvoltage were monitored during the
experiments by using an oscilloscope.
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Figure 3: The experimental apparatus; the vale-less rectification
micropump based on rectification geometry.

RESULTS AND DISCUSSIONS

Figure 4 shows the results in terms of flow rates vs.
actuator frequency. It can be shown that the valve-less
rectification micropump based on SU-8 has over come the one
which based on PDMS. In both cases, the flow rate has
increased monotonically with the frequency and reached the
maximum at 300 Hz. In the case of the PDMS micropump, the
maximum flow rate is 116 pl/min. On the other hand, the
maximum flow rate in the case of the SU-8 micropump is 472
pl/min. Additionally, the maximum back pressure (at zero flow
rate) for the PDMS micropump and SU-8 micropump are 2.86
kPa and 4.3 kPa, respectively. The results suggest that
fabricating the micropump using rigid material such as SU-8
has a positive impact on the micropump efficiency in
comparison with elastic material such as PDMS. The results
may be explained in two ways. First, during the sinusdoidal
motion of the PZT a distortion may occurred to the rectifying
geometry due to the elasticity of the PDMS, as a result, the
microfluidic diodicity of the rectifying geometries has been
negatively affected and the efficiency decreased. Second, the
PDMS may have absorbed part of the sinusoidal motion of the
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PDMS due to its elasticity, and as a result, the PDMS has
worked as a shock absorber for PZT actuator. This may led to
the decrease of the absolute PZT displacement and,
consequently, the micropump efficiency.
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Figure 4: Flow rate vs. Frequency for valve-less rectification
micropumps based on bifurcation geometry and fabricated from
two different materials

CONCLUSION

Two valve-less rectification micropumps based on
bifurcation geometry are fabricated from two different
materials. The first is fabricated from PDMS and the second
from SU-8. Both are tested at a low frequency range (0-300
Hz). The results suggest that fabricating these types of
micropumps from rigid materials has a positive impact on their
performance. The micropump that is fabricated from SU-8 has
delivered four times the flow rate that is delivered by PDMS-
fabricated micropump at 300 Hz. Moreover, the SU-8
micropump has higher maximum back pressure than the PDMS
micropump. Despite the simplicity and cost effectiveness of
using PDMS, employing PDMS may result in less efficient
valve-less rectification micropump due to its elastic property.
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