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Abstract: The fabrication and simulation of an electromagnetic microrelay are presented based on micro elec—
tromechanical systems (MEMS) technique. The microrelay dimensions of about 4mm X4mm X 0. Smm are fabricat—
ed with the common technique of micromachining. Compared with the traditional relays, a planar coil is substituted
for a solenoid coil to favor the MEMS fabrication. Moreover, a bi-supporter cantilever beam with high sensitivity is
fabricated to act as the movable electrode of the microrelay. T heoretical calculations and simulations are also carried

out with respect to the electromagnetic force yielded by the exciting electromagnetic coil. T he structure and param—

eters concerning the electromagnetic microrelay can be optimized using the results.
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1 Introduction

It is a great topic of interest and growth that
micro electromechanical systems (MEMS) tech-
nique has been applied to miniaturization of relays
for a variety of applications in the telecommuni-
cations, automatic test equipment (ATE), industri-
al control and automotive fields. Recently, several
types of microrelays based on MEMS have been
presented. The microrelays are generally divided
into electrostatic, thermalmechanical, and electro—
magnetic according to their actuation principles.
The characteristics of the different actuation meth—
ods can be found in References[ 1, 2].

From the pros and cons of the electromagnetic
type of actuation discussed, we wish to intergrate a
planar electromagnetic actuator into the microre—
lays. In terms of the idea, a novel electromagnetic

microrelay is presented in this paper. The proposed
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microrelay exhibits a few special features besides

the common characteristics of electromagnetic
ones. Compared with the traditional solenoid coil. a
square planar coil is used to overcome the complex
fabrication of the spirality. T he simple semiconduc—
tor techniques are needed only for the great in-
crease in the number of turns of the electromag-
netic coil. Furthermore, the magnetic core is ig-
nored because the FeSi is used for the substrate. In
order to understand the characteristics of the elec—
tromagnetic microrelay well, theoretical results ob-
tained from finite element (FE) simulations are al—

so given in this paper.

2 Fabrication process

Fabrication process of a planar coil and a pair
of contacts positioned above the coil is shown in
Fig. 1. The fabrication of the electromagnetic coil

was realized on a FeSi substrate with an insulated
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layer. On the substrate, an aluminum of Sum thick

was deposited by physical vapor deposition
(PVD). The coil structure in this layer was defined
by standard photolithography. followed by wet
etching in the BHF solution. The resulting coil
with Sum thick consisted of 39 turns with a
linewidth and space of 20um. The inner and outer
side lengths of the coil were 0. 2mm and 3.2mm,
respectively. The resistance of the coil was about
32Q. In order to fetch out the two poles of the
coil, a polyimide layer was coated on the coil and
the two through-holes were patterned so that the
coil was isolated and leveled off. A second alu-
minum layer of 2um was deposited on the poly-
imide and the two poles of coil were obtained out—
side the coil by the same method. A second poly-
imide was coated and developed to obtain another

two through-holes, and subsequently the chromium
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Fabricating process of a planar coil and a pair of contacts

layer of lum was deposited on the second poly-
imide layer by PVD. Then, a pair of contacts and
two coil poles were patterned by lithography, fol-
lowed by wet etching in the glycerin solution
(50% ) and the hydrochloric acid solution (36% ).
After completing the coil and the two con-
tacts, the movable electrode suspended by thin
beams was fabricated on another silicon substrate,
which was approximately 300pm thick and has a
thermally grown 8i02 of 0.5um. The fabrication
steps are schematically shown in Fig. 2. Firstly, a
copper seed of lym was deposited on the substirate
by copper evaporation. The copper seed acts as
both the electroplating seed and the sacrificial lay-
er. Secondly, a photoresist layer was spun and pat—
terned serving as a mold for electroplating of the
movable electrode. Thirdly, a nickel of 10um was

directly electroplated above the mold of the mov-

Beam

_Hu\-'nhh' electrode
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Fig.2 Fabrication process of the movable electrode
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able electrode. After the electroplating step, the
photoresist mold was removed. Finally, the mov-
able electrode was released by removing the copper
sacrificial layer using the thick HNOs. The movable
electrode frame with the size of 0.5mm X 0. 5mm
was used to obtain higher sensitivity and better
stability'” .

Both the microactuator and the movable elec—
trode were conglutinated to compose the whole ba-
sic structure of the fabricated electromagnetic mi-
crorelay, as shown in Fig. 3. The microrelay was
actuated by passing a current through the coil and
generated a magnetic flux that mainly concentrated
on the center of the planar coil. When the upper

nickel movable electrode was magnetized and de-

Movable electrode _Contacts
Coils ™~ »} | _Supporter
________ AN

Substrate

Fig. 3

Model of the proposed electromagnetic mi—

crorelay

flexed down toward the coil, it encountered the two
contacts and stopped its motion. Since the upper
electrode was conductive, a current flowed from
one contact (through the upper electrode) into the
other. The microrelay was normally in ON ”state.
When the current in the coil was cut off, the mech—
nical restoring force of the upper movable electrode
suspended by two beams was sufficient to pull the
movable electrode off the contacts, and then the

microrelay was in OFF " state.

3 Theoretical analysis

The goal of design is to realize a microrelay
with the behaviors of ON”and OFF”. Driven by
the Lorentz force, the movable electrode moves in

the magnetic field created by the electromagnetic

coil. However, in order to produce large deflec—

tions, the square planar coil produces the magnetic
gradient which is necessary for the actuation of the

microrelay. The vertical electromagnetic force F:

acting on the nickel movable electrode with the

isotropic magnetic medium is given by'*:
dB. .
F. = IM Ll (1)

where B: is the vertical component of the magnetic
flux density produced by the planar coil, M: is the
vertical component of the nickel magnetization in-
tensity, and V' is the volume of the movable elec-
trode. Consequently the volume density of the elec—

tromagnetic force f can be gained:
1B.
f=M""

dz (2)

Using the magnetic susceptibility Xu or the

vacuum permeability po, and relative permeability
ur, the magnetization M: is expressed as:

XmH: - — IB:
HoH

M. = (3)

where H: is the vertical component of the magnetic
field density produced by the planar coil, so f can

be also expressed as:
1. dB:
f = B. 0 =

T dz
The expression of B: produced by a rectangu-

x 4B

(]Z

Hr = 1
2“{]”!’

He —
HOM

(4)
lar current loop can be obtained from the Biot-Sa-
vat law. Using proposed equations above, the mag-
netic flux density of the planar coil for a current of

200mA is calculated as shown in Fig. 4.
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Fig.4 Magnetic flux density B: of a square pla-

nar coil

In addition, the static deflection Az and reso—
nant frequency f of the microrelay are given by the
basic expressions of an undamped spring-mass sys—

tem:
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Az = F./k
—

/= 2171' \/nﬁf (3)
where M is the sum of the masses of the movable
electrode and the silicon substrate. For a two beam
suspension as shown in Fig. 2, the spring constant
can be approximated by follows:

3
k= 2 (6)

where d., b and [ represent the thickness, width and
mean length of the beam, E is the Young’s modu-

lus of nickel.

4 Simulation results

The basic structure of the electromagnetic mi—
crorelay has been simulated with the finite element
software ANSYS, and two-dimensional (2D) mag-
netic analysis has been performed to obtain the
electromagnetic force acting on the movable elec—
trode of the microrelay. The finite element model
for the magnetic analysis consists of a movable
electrode, a planar coil and the surrounding air.
Figure 5 shows the magnetic flux distributions of

the 2D electromagnetic microrelay static analysis in

which the current through the coil is 200mA.

Fig. 5 Magnetic flux distributions of 2D electromag-

netic microrelay static analysis

The electromagnetic force acting on a movable
electrode with dimensions of 0.5mm X 0. 5mm X
0.0lmm is calculated within the magnetic analysis
using the magnetic virtual displacement (M VDI)
loading available in the ANSYS program. Figure 7
shows the F. as a function of the distance z be—
tween coil and movable electrode for the theoretical
data and simulational data, respectively. As expect—
ed, it is believed that the finite element model is
suitable for the actual microrelay because the re—

sults obtained from the ANSYS simulation are ap-

proaching to those calculated by the theory of elec-
tromagnetic field. In order to keep the stability of
the electromagnetic force on the movable elec—
trode, it is found in the figure that the distance over
15um can be selected as the movement space be-
tween the coil and the movable electrode.

1.0
Movable electrode
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% 0
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zfpm
Fig. 6 Comparison of electromagnetic force on

movable electrode

The substrate material can have great effects
on the electromagnetic force acting on the movable
electrode. Figure 7 shows the electromagnetic force
F: as a function of the distance z between coil and
movable electrode when FeSi are chosen as the
substrate. Obviously, the substrate of FeSi is used
to create a closed magnetic flux path and reduce
the leakage of flux and the coercive force so that
the magnetic properties of the electromagnetic coil
can be improved. Thus the electromagnetic force
acting on the upper movable electrode can be in-
creased greatly, then the movable electrode is easily

deflexed to the contacts.
7
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Fig. 7

Electromagnetic force on the movable

electrode when the substrate of FeSi being used
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S Conclusion

Electromagnetic actuation has been applied to
M EMS relays with the microelectronics fabrication
methods. Application of MEMS technigue to relays
should enable drastic reductions in costs of fabrica—
tion, physical size, and design complexity. A main
advantage of the electromagnetic microrelay which
can be realized with common micromachining tech-
niques is the use of a square planar coil as an actua-
tor. However, the planar electromagnetic coil has
relatively poor efficiency, i. e. , the resulting in elec-
tromagnetic force acting on the movable electrode
is small comparing with the electric power con-
sumption. To find some logical physical parameters

of the microrelay, calculations and simulations of

the electromagnetic force on the movable electrode
are carried out with finite element analysis. This
allows for the future optimization of the electro-
magnetic coil and the development of this new type

of the electromagnetic microrelay.
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