CAVECIE A8 e R AR Vol.17 No.7
2009 4E 7 A Optics and Precision Engineering Jul. 2009

XEHS 1004-924X(2009)07-1635-05

Fl 7 B 7 180 R A8 AR O TR B 4 4 T M BL 3R

% %—%193& 5&\1?7}?(7,(529/@ !\&1
LARIAS ERBLE AR RATHERALRERER G RRAR LT E R LR Z % 100022;
2EAILAY REGHMAKAKRERE, RE BE 710072)

T 5T MEMS T3 AR B B 30 77 3R TE WO 1A% 40 % G0 P D o SR 10 B0 S I P A S 0. W 3h
T3 BAZ 0 R 2 i 3 i MEMS i T T 25 A 2 9y s X 49 2 S0 8 2 e AR 2L ) BB A . T v AR X TRD Y S v 3 A
T B SR A o B T T LA R ORI () H 3 A AR TR IR S R AR B . AR SCRGEHLDTE T OB AR TE BT R A vl
TS TE A 1) L e ARORE R BRE 45 O7 B o 25 OB IR A9 B AR B R B AR I L — e A AR B A RO X L. SEER AR R
W - 5 R AT G B L H A IS ok BB T3 5 1) 3 P AT HL R 2 A R L L AT A R BN R Y H R T R R e R A P BE 5 A L L B
15 ) 1 % B S o 4R v R AR P A T

KX B W BRI AL M R MR ER

MESES TH38  XHFRIREG:A

Comparison of different processes in making EHD micropump electrode
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Abstract: The fabrication and design of micro-electrodes(the key component of Electrohydrodynamic
(EHD) micropump) using MEMS technology are studied in this paper. The main part of the EHD mi-
cropump is a planar electrode array composed of electrode pairs made of the emitter and the collector.
The electrohydrodynamic (EHD) pump uses the interaction between an electric field and electric char-
ges, dipoles or particles embedded in a dielectric fluid to drive the fluid. The major key-controlling
variables including the selection of electrode materials, diversification of electrode geometrical design,
comparison of different fabrication processes, electroplating and kit-off process are analyzed systemati-
cally. The experimental results show that noble metals have good performance of resistance for corro-
sion electrochemical processes, and the electrode with sharp geometry can improve the performance of
micropump. It also shows that kit-off process is better than electroplating process in electrode quality.
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1 Introduction

With the development of advanced micro-

fabrication techniques, MEMS have shown
promising potentials in many real applications.
Currently there is a significant effort towards de-
veloping microfluidic systems for integrated mi-
croelectronic cooling devices. Electrohydrody-
namic (EHD) pump has advantages of the ab-
sence of moving parts, simply design, little dis-
sipate power, the minimum of maintenance and
low weights. For this reason, many theoretical
and experimental investigations concerning the
EHD pump are widely pursued in the early
1960s. The development of MEMS techniques is
able to fabricate the EHD pump with much
smaller dimensions and much lower voltages.
The design and functionality of the micropump
play an integral role in microfluidic systems and
microelectronics cooling technologies'™ . In the
microfabricated systems, the EHP pump with-
out moving parts have drown more attention,
and thir advantages make EHD pumps attractive
for application involving microcooling devices.
An electrohydrodynamic ( EHD) micro-
pump is designed with an array of planar comb
finger electrodes. The electrodes are fabricated

on different substrates™* .

The major driving
force of EHD micro-pump is the movement of i-
ons across an imposed electric field, which is es-
tablished between the two planar comb finger
micro-electrodes. EHD pumps use electric field
to pull along ions because of Coulomb forces,
which in turn drag the bulk fluid by momentum
transfer due to fluid viscosity. In this paper, we
propose some key controlling variables of elec-
trodes and their influences on the EHD pumping
performance. In addition, we compare two dif-
ferent fabrication processes: electroplating and

kit-off process.

Design and fabrication of elec-

trodes

Electrodes are the key components for EHD
micropumps and micro total analysis systems,
the interaction between electric fields and flow
fields can induce the flow motion by an electric
body forcel™, and Fig. 1 shows the mechanism
of a EHD pumping. Fig. 2 also shows the sche-
matic diagram of electrodes including emitter and
collector electrodes. The design and fabrication
of electrodes are involved in the optimization of
the micropump design. The selection of materi-
als, geometrical design and fabrication tech-
niques of electrodes are the three main keys for

micro-electrodes.

Electrodes

Fig. 1 Mechanism of ion EHD pumping

Electrode pair

—] Electrode

Fig. 2 Schematic diagram of electrodes

The selection of materials is decided by the
EHD pump phenomena, fabrication technologies

the

right materials should be semiconductor insula-

and micropump applications. In general,

tors and have low electrical receptivity for mini-
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mal power consumption and Joule heating. No-
ble metals, such as Gold and Platinum, have
good potential resistant performance for corro-
sion electrochemical processes, but it also turns
out to be too challenging for fabrication (metal
deposition and patterning). we should also think
over the ability of the metal to inject charges,
since the electric body force is proportional to
the charge (see Tab. 1)/, In this experiment,
titanium/copper are chosen for metal electrodes,

titanium is needed to adhere copper to substrate.

Tab.1 Work functions of several metals

Metal Pt Au Cu Cr Nb Al

electrode
18 1.69 0.52 N/A N/A —1.66
potential (V)

work function

(eV)

65 5.1 4.7 4.5 4.3 4.28

The main driving force of EHD micropump
is based on electrical field between the two elec-
trodes. Micropump electrodes are designed to
improve both the pump performance charge in-
jection and the electric body force depending on
the maximum electric field, which is determined
by electrode geometry once the materials are
fixed. Two ways are carried out to increase the
electric field: reducing the distance between e-
mitter and collector electrodes and using saw-
tooth electrode to create sharp-angle protrusion
on the electrodes. In this experiment, four elec-
trodes with different electrode gaps and electrode
geometries are designed and tested (as shown in
Fig. 3 ~Fig. 4), and the results show that the
sharp geometry could improve the performance
of the micropumpt®.

Generally, two different fabrication work-
flows are used in fabricating the micropump elec-
trodest™™; electroplating using a positive mask
and kit-off using a negative mask. The major
steps of the two workflows are shown schemati-
cally in Fig. 5 and Fig. 6.

Electroplating process is well suited to fab-
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Fig. 3 Fabrication process of plating
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Fig. 4 Fabrication process of kit-off
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Fig. 5 Fabrication process of plating
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Fig. 6 Fabrication process of kit-off
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ricate films of metals such as copper, gold. The
films can be fabricated in any thickness from 1
pm to 100 pm and with good stress characters.
The electroplating process requires a thin metal
layer as a seed, which limits substance choice.
The electroplating process uses a positive mask
to form electrode, for electroplating could form
a compact substance. However we have to face
electrode collapse and metal form desquamation,
especially for saw-tooth electrodes. Different
from the electroplating process, kit-off process
uses a negative mask. Making process is easy to
control and electrode frame definition is better
than electroplating process. But kit-off process
has to face eroding process problems!?!!,

In this experiment, Ti/Cu are selected to

make two kinds of geometries (planar/flat and

Fig. 7 Schematic diagram of failed electrodes
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