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Abstract — In this paper, the design and simulation of a
MEMS thermal actuated micropump is reported. The
micropump consists of a microfluic chamber on top of a thermal
actuation chamber. Passive microvalves are embedded in the
inlet and outlet of the pump to allow one-way flow of the
microfluid. The thermal actuation chamber has sealed air inside
it. A thermal resistor is embedded in the bottom surface of the
actuation chamber. The top surface of actuation chamber is
made by flexible thin silicon membrane. When a voltage is
applied to the thermal resistor, the generated Joule heat raises
the temperature of the sealed air in the actuation chamber. As a
result, the air expands and presses the top membrane to bend up.
In turn, the microfluid in the top chamber is pumped into the
outlet. When the voltage is removed, the sealed air cools down
due to thermal dissipation, and the silicon membrane becomes
flat. Thus new fluid is sucked into the microfluidic chamber via
inlet. The working principle of the micropump is analyzed in
detail. Based on the theoretical analysis, a set of optimized design
parameters of the micropump are suggested. ANSYS simulation
is used to verify the function of the micropump. The proposed
micropump can be used for lab-on-a-chip and micro drug
delivery applications.

Keywords—(Microelectromechanical Systems (MEMS),
micropump, ANSYS simulation
L. INTRODUCTION

Micropump is a MEMS technology of special interest in
micro fluidic research, and has become available for industrial
product integration in recent years. Micropumps were started
in middle 1970s. Before 1990s, mechanical pumps were
mainly studied. After 1990s, non-mechanical pumps were
introduced. Their miniaturized overall size, potential cost and
improved dosing. One of the first documents about micro
pump was presented by Thomas and Bessman in 1975. It
contain muti piezoelectric disc benders combine with solenoid
valve and pumping chamber. It was designing for implantation
for human body. 1984 Smits was patented the silicon micro
fabrication technologies. Few years later, he published the
peristaltic pump in 1990. This pump consists of three
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piezoelectric discs and purpose was for his insulin delivery
systems. In this chapter we are brief overview of a variety of
micropumps and their applications. The review will present
key features of micropumps such as actuation methods,
working principles, construction, performance parameters and
their medical applications.

In general, micropumps can roughly be divided into two
groups: One called “mechanical” micro pump. The micro
pump that have moving mechanical parts such as pumping
diaphragm and check wvalves that use the oscillatory or
rotational forces to control micro fluid. The most popular
mechanical micropumps such like electrostatic, piezoelectric,
shape memory alloy (SMA), bimetallic, ionic conductive
polymer film (ICPF), electromagnetic and phase change type.

Another one is non mechanical micropump. Non
mechanical type of micropump has to transform certain
available non-mechanical force into kinetic momentum so that
the fluid in micro channels can be driven. This type often
consists of two check valves and a chamber with movable
membrane. By some mechanisms, membrane can be actuated
to change the volume of chamber. Non-mechanical
micropumps include magneto hydrodynamic (MHD), electro
hydrodynamic (EHD), electro osmotic, electro wetting, bubble
type, flexural planar wave (FPW), electrochemical and
evaporation based micropump.

Based on these two types can be further subdivided into
several subtypes. Here lists some most common types of
micropump:

i.Phase change type micropump
ii.Rotary micropump
iii.Piezoelectric micropump
iv.Shape memory alloy micropump
v.Electrostatic micropump

vi.Bimetallic micropump



vii.Electromagnetic micropump

viii.Electroosmotic micropump
ix.Diffuser micropump
x.Electro-wetting micropump

Compared with this paper, there are some others thermal
micropump are introduced. A Thermal Bubble Actuated Micro
Nozzle-Diffuser Pump. A thermal-bubble-actuated micropump
by the principles of liquid/vapor phase transition and nozzle-
diffuser flow regulation is successfully demonstrated. The
actuation mechanism comes from periodically nucleating and
collapsing thermal bubbles. A net flow is generated from the
nozzle to the diffuser by the nozzle-diffuser flow controller. As
an application example in a microfluidic device, this valve-less
micropump is used in a microfluidic system to enhance the
fluid mixing by agitating the flows. Analysis of Material
Properties for Thin Film Membrane in Thermal Actuated
Micropump. That paper from IEEE presents a comparison of
thin film materials used as movable membrane for thermal
actuated micropump. The materials discussed are PMMA,
polyimide, silicon nitride (Si3N4) and single crystal silicon.
The properties of membrane material are characterized using
Finite Element Analysis (FEA) to study its mechanical and
physical behavior that are suitable to be used as an actuator for
thermal micropump.

II. MICROPUMP DESIGN

2.1 working principle

The structure design of the MEMS thermal micropump is
shown in Figure 1. As shown in Fig. 1, a cylinder pump
container is connected to an inlet and outlet ports. There are
embedded valves at the entrance of the inlet/outlet to regulate
the flow direction of the microfluid. The microfluid is only
allowed to enter the container via inlet, and come out of the
container via outlet. The reverse microfluid flow is forbidden
by the valves. In the middle of the pump body, there is an
elastic membrane, which can bend under pressure difference
from its top and bottom surfaces. The edge of the elastic
membrane is seamlessly connected to the inner sidewall of the
pump chamber. The top Si cover seals the chamber, and Al
thermal resistor is pre-deposited on the bottom surface of the
top cover. A certain amount of air is sealed inside the air
chamber. When a voltage is applied to the thermal resistor,
conducting current results in Joule heat and heat up the
temperature of the air chamber. As a result, the air expands and
pushes the elastic membrane to bend down. The volume of
chamber container is reduced and the microfluid inside the
chamber is pumped out via outlet. However, if the driving
voltage is disconnected, the air temperature inside the air
chamber will decrease due to thermal dissipation. Thus the
volume of air shrinks, and the elastic membrane returns to its
flat shape. As a result, the volume of container expands, and
the microfluid is sucked into the pump. By repeating this
process (applying a pulse voltage), the microfluid can be
continuously pumped in from the inlet and pumped out from
the outlet. This is the working principle of the micropump.
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Figure 1.The structure of the micro pump

Two microvalves are used to regulate the microfluid flow
inside the pump. As shown in Figure 2, in sucking mode, the
elastic membrane restores to its flat position, the inlet valve is
on and the outlet valve is off, microfluid is sucked into the
container via inlet. In pumping mode, the elastic membrane
bends down due to thermal expansion of air, the inlet valve is
off and the outlet valve is on, the microfluid is pumped out via
outlet. The voltage pulse to activate the micropump is set to be
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(a). Sucking mode: inlet valve on, outlet valve off ~ (b). Pumping mode: inlet valve off, outlet valve on

Figure 2. Working modes of thermal MEMS micropump
2.2 Control system

In this experiment, we used Heating device
for this micropump is quite easy. Connect power to heating
resistor and cover an aluminum plate that embedded in top of
air chamber. Chose aluminum plate due to the higher surface
heat transfer area.

R =Resistance Q

p = Electrical resistivity =~ Qem
1 = Cable length m

A =Cross-sectional area ~ m?’

The value of the electrical conductivity (conductance) and
the specific electrical resistivity is a temperature dependent
material constant. Mostly it is given at 20 or 25°C.

Resistance R=p x (1/A)orR=1/(c x A)

Electrical is commonly represented by the letter p (rho)
and electrical conductivity is represented by the Greek letter o
(sigma). Consider the economic situation and efficiency.
Copper resistor combines of the two.



We can also calculate the resistive heating by using the
following equations. Thus, we knew the enthalpy from heating
resistor and consumption of power.

AH = CpAT
Pwr=U2/R
AH=|(Pwr)dt

2.3 Air expansion

In this device, the main function of sealed air inside the
actuation chamber is that expansion size for bend down the
PDMS membrane. In this part we can use gas law for
assumption.

2.4 Membrane deflection:

Bending of plate base is complex. There are changes in
mechanical properties of the fabric such as weight, thickness,
stiffness, permeability, or breaking strength and elongation.
Thus, simplified deflection calculations are required. In order
to understand the relationship between stress and deformation
of membrane. This research was made to analyze membrane
deflection by applying Kirchhoff-Love theory of plates
(classical plate theory) and The Mindlin-Reissner theory of
plates (first-order shear plate theory).

2.4-1 Kirchhoff-Love theory

The Kirchhoff-Love theory (1888) of plates is an
extension of Euler-Bernoulli beam theory and used to
determine the stresses and deflections in thin plates subjected
to forces and moments.

Love Kirchhoff assumptions :

The thickness of membrane (d) has to much smaller than
smallest bending radius.

Straight lines normal to the mid-surface remain straight
after deformation

Straight lines normal to the mid-surface remain normal to
the mid-surface after deformation

The thickness of the plate does not change during a
deformation.

2.4-2. Classical shell theory and first- order shear
deformation theory

The scholar soon later modify their Kirchhoff-Love theory
and with appropriate attitude. The first one is called Classical

shell theory (CST). This is based on Kirchhoff-Love theory
but discard the influence of transverse shear force. This theory
applies for very thin plate (h/r) < 1/80. It simplifies the
calculation of the plate deformation.

The second one is First- order shear deformation Theory
(FSDT) [34]. Unlike Classical shell theory, transverse shear
force factors are taken into account. It can apply for plate that
thickness ratio under 1/20 and with good results. Most size of
membranes is under this range. Therefore, it is widely used for
analysis membrane structure.

The geometric nonlinear can be expressed as the strain
effect of the neutral plane of a membrane when the deflection
of membrane larger than its thickness. When the deformation
is small, the membrane can be seen as pure bending by the
lateral loading.

I11. FABRICATION

The proposed micropump can be fabricated with hybrid
process. The components are fabricated separately and then
assembled together into a micropump. The proposed
fabrication flow is shown as Figure 4.

1. Fabricate top cover and heating resistor: Starting from Si
wafer, deposit 0.4um Al using evaporation. Then
photolithography and etch Al into thermal resistors.

2. Fabricate Si chamber: Starting from silicon wafer,
thermal oxidation for 0.6um SiO,, photolithography and
etching SiO, to open etching window. Use Si DRIE (Deep
Reactive Ton Etching) to etch down into a chamber. Laser
micromachining to drill holes in sidewall and bottom of
chamber for inlet and outlet.

3. Assemble components into micropump: Insert elastic
membrane into chamber, seal the edge, then bond top cover
onto chamber. The micropump is complete.

AL plate R SR = ==

cylinder

Assemble with ALJ cylinder/ PDMS

Figure 4. Fabrication process sequence of micropump

IV. RESULT AND DISCUSSION



In simulation, we increased the pound force per square inch
(psi) from 10 psi to 40 psi The maximum deflection is around
250 pm. We knew the maximum deflection, thickness of
membrane, diameter of membrane, than we can get radius of
curvature. Thus, according to plate theory. This experiment
result is close to classical shell theory (h/r < 1/80). Next, we
used software to simulate different thickness of membrane and
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pressure. We found the relationship shown as tablel.

Table 1 relationship between deformation and membrane
thickness: When membrane getting thicker, deformation
become large. The deformation rate directly as the pressure.

The most commonly method is use development solution
SU-8. The temperature change inside air chamber in response
to voltage pulse is shown in table 2. As we can see,
temperature first increase due to input voltage pulse. Once the
voltage pulse is discontinued, the temperature drops quickly

due to heat dissipation.
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Table 2 Relationship between response time and temperature

V. CONCLUSIONS

In this paper, the design and analysis of a thermal actuated
MEMS micropump is proposed. The micropump utilizes air
thermal expansion induced by resistor heating to pump
microfluid flow. The working principle of the micropump is
analyzed. Netgen simulation is used to verify the deflection of
elastic membrane with Classical shell theory and first- order
shear deformation theory. We found the simulation result are
very close to theory. In summary, we found some points:

1. Classical shell theory just considered the straight liner
force on plate. This limitation cause it can only use on small
displacement calculation. Even-through the pump size is quite
small, but we found the process of deflection not only contain
straight force. The transverse shear force should be considered
and our simulation result also proof this point. First- order
shear deformation theory is more closer to real situation than
classical shell theory

2. Classical shell theory is a simply way to calculation
small displacement with accuracy result. But, based on our
simulation result on chapter 4. We found when the membrane
thickness larger than 100um and displacement more than
20um, the transverse shear force should be considered.

3. According to our results, the factors of deflection
membrane not only contain Young's modulus, density and
Poisson ratio but also considered the wide and thickness of
chip or photoresist when it fabricated.. Control the spinning
speed of photoresist machine can affect the space between
glass substrate and PDMS (chamber wall ). Large space size
means more thicker of chamber wall in scale and the deflection
rate also become large, but also means more difficult for
production.

These experimental results data could be provided a
prototype of the design pneumatic pump. Now, everything just
in computer simulation and only modified the membrane



deflection. Only concern the pump body but not included the
power controller. In the future, the main job is to make this
device more reliable and more reality. Moreover, the further
goal is perfectly integration with biochip technology.
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