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Development of ion-drag EHD micropump
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Beijing University of Technology, Beijing 100022, China;
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Abstract: A novel electronics cooling system—ion drag Electrohydrodynamic (EHD) micropump was
introduced. The ion drag EHD micropump containing a planar electrode array on a silicon substrate
was fabricated and tested, in which the electrodes were paired as an emitter and a collector with 40 pm
width and 50 pm gap between them,the number of electrode pairs was 90 and the gap between two e-
lectrode pairs was 100 pm. Static pressure tests were performed by a DC driving voltage and by
HFE7100 and ethyl alcohol as working fluids. Experimental results show that the static pressure is
quadratic proportion to the input voltage and inverse proportion to the channel height and the maxi-
mum pressure head achieved by this micropump is 250 Pa at an applied voltage of 200 V. These data
proves that the performance of the ion-drag pump can be improved significantly by selecting the fluid
with high permittivity and low viscosity. It also indicates that the cleanness degree of devices and the
purification of the working fluid will greatly influence the performance and working lifetime of the
EHD micropump.
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1 Introduction

With the development of microfabrication tech-
nology, MEMS has shown promising potential
in microfluildic systems and microelectronics
cooling devices. The design and functionality of
micropump play an integral role in microfluidic
system and microelectronics cooling technolo-

gy

The electrohydrodynamic (EHD) phenomena
involve the interaction of electric fields and flow
fields in a dielectric fluid medium™*. Many the-
oretical and experimental investigations concern-
ing Electrohydrodynamic (EHD) pumping be-
cause of its advantage of no moving parts and
simply design. Stuzter and Pickard” ') were the
first who proposed and studied the ion-drag
EHD pump in the early 1960s. Up until the ear-
ly 1990s the research in EHD was done with
large-scale systems. Development of MEMS fab-
rication technology enable the fabrication of
EHD pumping research efforts has been made
toward micro-scale. Richter" fabricated a mi-
cromachined ion-drag EHD pump using bulk sili-
con machining technique. Ahn"* fabricated a
micro ion drag pump with planar electrodes on a
glass substrate. It demonstrated the bi-direction
pumping capability with simpler fabrication
process. Darabi"®' addressed various aspects of
ion drag pumping mechanism, including the
effect of three-dimensional electrodes design and
its favorable effect on the performance of ion

drag micropump.
2 Basic theory and model
This interaction between electric fields and flow

fields can induce the flow motion by electric

body force. The electric body force acting on the

molecules can be expressed as'® .
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where ¢ is charge density, E is the electric field,
e is the fluid permittivity, p is the fluid density
and T is the fluid temperature. The first term
represents the Coulomb force, which is the force
acting on the free charges in an electric field.
The second and third terms represent the polari-
zation force acting on polarized charges. The
Coulomb force is the only mechanism for genera-
ting EHD pumping when working fluid is an iso-

thermal single phase liquid.

Electrode

Fig.1 Mechanisms of EHD

Ion drag pump is a particular type of EHD
pump, the main driving force in ion-drag pump
is the Coulomb force; the charge can be injected
into liquid by field emission or field ionization
processes. Working fluid neutral molecules get
dragged along with charged ions that are moving
between the electrodes (as showed in Fig. 1).
Ion drag pump has been studied since the early
1960s. Pickard arrived at the relation between

pressure and electric field intensity™ !,

P<1>>—P()=§<E<x>2—Eﬁ> ) (2)

3 Jon drag pump design and fabrication

An ion-drag EHD pump was designed with an
array of planar comb finger electrodes. Fig. 2
shows a schematic diagram of emitter and collec-

tor electrode patterns, the emitter and the col-
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lector have a width of 40 pm with 50 pm gap be-
tween them. The gap between the electrode
pairs is 100 pm. The electrodes were fabricated
on silicon disc or glass plate by deposition of Ti/
Cu. the overall patterned area is 17 mm X 22
mm, allowing fabrication of 90 electrode pairs a-

long the length of the micropump.

100 pm

40 pum 50 pm

Fig. 2 Schematic diagram of electrodes

Electrodes are the key component for EHD
micropump, the design and making of electrodes
were involved in the optimization of the mi-
cropump design. Selection of material, geomet-
rical design and fabrication technique of elec-
trodes are the three main keys for micro-elec-
trodes. The electrodes were fabricated on the
silicon disc by the deposition of Ti/Cu. 500 A ti-
tanium and 3 500 A copper were deposited over
the entire substrate. Kit-off process was used to
form electrodes. Fig. 3 displaces whole fabrica-

tion process.
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Fig. 3 Fabrication process for EHD pump

The overall dimensions of the EHD pump

were 20 mm X 30 mm X 3 mm. The top cover of

EHD pump is made of polymethy, in order to
test the pumping capability of micropump, a
glass tube was mounted on the exit port of the
cover using transparent epoxy. Assembly was
completed with an epoxy film to create the cavity
sidewalls, and there are three size thickness ep-
oxy film: 50 pm, 100 pm and 200 pm to form
three different channels height.

4 Experimental description

As showed in Fig. 4, the static pressure test was
performed in a Petri dish container, the pump
was placed in a bath of working fluid and a posi-
tive DC voltage was applied to the emitter elec-
trodes and collector electrodes were grounded.
3M’s HFE7100 and ethyl alcohol were used as
working fluid. We get a maximum pressure of
250 Pa at an applied voltage of 200 V for HFE7100

as for 90 electrodes stage micropump.

.

Fig. 4 View of static pressure testing

The behavior of the static pressure after ap-
plying the DC voltage is showed in Fig. 5. In this
figure, the static pressure show quadratic de-
pendence on the electric field as predicted by Eq.
(2), the results clearly showed that the pumping
performance is proportional to the input voltage
and inverse proportion to the channel height, as
showed in Fig. 5 and Fig. 6.

According to Crowley studied'™, EHD pum-
ping performance relies critically on the electric
properties of working fluid. Such as permittivity
(¢), conductivity(s) and viscosity (x). high die-

lectric constant and low viscosity would lead to
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Fig. 6 Comparison with different channel heights

high flow velocity, while low electric conductivi-
ty and mobility would promote high efficiency.
In this experimental, 3M’s HFE7100 and ethyl
alcohol were used as working fluid. Both of
them have some advantages, such as liquid state
under normal temperature, good dielectric con-
stant, low vapor pressure, a relatively low vis-
cosity and a relatively high thermal conductivity.
Other thermo-physical properties of this fluid are
listed in Tab. 1.

Tab.1 Comparison of parameters of different working liquids
Thermophysical property HFE7100 Ethyl alcohol
Boiling point(‘'C) (1 kPa) 6 100 7 830

Dielectric constant 7.4 25.8
Liquid density(kg/m®) 1478 800
Liquid viscosity(CP) (25 C) 0.61 1.078
Dielectric strength(V/pm) 11 3

The experimental results for different working

fluid are presented in Fig. 5. The results clearly

showed that the performance of ion-drag pump
could be increased significantly by selecting the
ethyl alcohol as work fluid instead of HFE7100,
so the fluid with high permittivity and low vis-
cosity will increase the pumping performance.
The useful life is the key criterion for mi-
cropump. In the former experimental, the static
pressure showed a decrease after half hour. The
detailed observation of electrodes under photo-
micrographs shows a thin layer of degradation
products was formed on the collector electrodes,
which probably due to electrochemical reactions
and cause pumping performance decay (as
showed in Fig. 7 and Fig. 8). The reason for
electrochemical maybe comes from the water and
impurity in the working fluid. Therefore, all ex-
periments were performed inside the clean room
and working fluids were distilled before experi-
mental. The results showed that improvement of
the cleanness degree of device and purification of
working fluid has greatly increased pumping

effect and working hours.

Fig. 7 Electrodes before testing

Fig. 8 Electrodes after aging
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5 Conclusions

In this paper, an ion drag micropump with a se-
ries of planar comb electrodes on a silcon sub-
strate is designed and tested. Static pressure
tests were performed with HFE7100 and ethyl
alcohol as working fluid, and driven by DC volt-
age. It was found that the micropump is capable
of generating static pressure head of 250 Pa at an
applied voltage of 200 V. The results showed

that pumping performance is proportional to the
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