ISSN 2347 - 3983
Volume 8. No. 10, October 2020

International Journal of Emerging Trends in Engineering Research

Available Online at http://www.warse.org/|JETER/static/pdf/file/ijeter208102020.pdf
https://doi.org/10.30534/ijeter/2020/208102020

Design Microswitch Based on a Compliant Bistable
Mechanism with Triple Stepped Beam Structure

Ngoc Tran Le', Duy Tuan Le?
YFaculty of Mechanical Engineering, Industrial University Of Ho Chi Minh City, Ho Chi Minh City, Vietnam,
lengoctran@iuh.edu.vn
“Faculty of Mechanical Engineering, Industrial University Of Ho Chi Minh City, Ho Chi Minh City, Vietnam,
Corresponding author email: leduytuan@iuh.edu.vn

ABSTRACT

A new design of a bistable microswitch based on a triple
stepped beam structure is presented. The device is suitable for
complementary metal-oxide-semiconductor (CMOS) -
compatible  microelectromechanical system (MEMS)
processes. The design of the device is based on Taiwan
Semiconductor Manufacturing Company (TSMC) two-poly
four-metal (2P4M) process. Finite element analyses are
utilized in design of the bistable micro switch. Switching
between the bistable states is accomplished electrostatically.
The device requires a very low input force, nearly 0.85 mN
and 0.23 mN for on and off switch operation, respectively.
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1. INTRODUCTION

Microswitches are the miniature devices, have two stages in
operation, suspend and persist the current pass through the
conductors. Microswitches help reduce the size of the MEMS
devices, save power and increase speed in some unique chips.
They have various utilizations in medical [1], sensors [2-4],
optic [5], valve [6], etc. Many designs of microswitch have
been studied with different fabrication technology. Yang et al.
[7] introduced the multilayer structure that combines the
proof mass and conjoined snake springs, which encourage the
contact effect and protect shock damage in operation. An
improvement of contact behavior, proposed by Xu et al. [8],
combine the movable and stationary electrode in the two-level
structure. Employing the nonlinear springs in microswitch is
investigated by Wen and Zhao [9], allow developing many
switches with high accuracy. Despite this, most of them are
work in an in-plane direction.

In order to control the microswitches, many effects are
employed. Several microswitches use vibration to drive the
microswitches, especially in the acceleration applications
[10]. Piezoelectric is further employed in actuating the
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microswitches. A simple piezoelectrical cantilever beam is
introduced by Tommasi et al. [11]. A development of
cantilever structure formed on piezoelectric and thin film is
demonstrated by Chen et al. [12], the device driven by
piezoelectric with many dimensions so that the investigation
of contact force is achieved. Mao et al. [13] reported the
utilization electrothermal effect in the microswitch, which is
suitable for the telecommunication system. Magnetic force
and electrostatic are also applied in driving the microswitches
[14, 15].

Bistable mechanisms (BMs) are gaining attention in MEMS
applications. An outstanding advantage of BMs is that no
power is required to keep the mechanism in either of its
bistable positions [16]. Electrostatic means are attractive
because of the high energy densities, large forces available in
microscale and process compatibility. Various approaches for
micromechanical bistable switches have been published
[17-20].

Several bistable mechanisms applied for microswitches are
reported. Kim and Han fabricated the out-of-plane compliant
bistable mechanism with the microinjection molding
technology [21]. The V-shaped beams are applied in the
design. Therefore, the mechanism made of plastic, not
suitable for many MEMS devices. A multimorphs structure
introduced by Zhou and Xie [22], the out-of-plane bistable
mechanism, is driven by the electrothermal actuator gives the
massive deflection in operation. Khoury et al. [23] developed
the out-of-plane bistable mechanism with an electrothermal
actuator. The devices operate with two stages: the first stage is
the in-plane motion and the second stage is the out-of-plane
motion. The in-plane motion latches the out-of-plane motion
in the second stable location. A simple structure of a bistable
out-of-plane switch is introduced by Yu et al. [24], the
mechanism is a beam with two springs, the joule heating
effect controls the movement of the beam. Based on the
magnetic effect, Miao et al. [25] presented a bistable
microswitch work on electromagnetic force. The structure is
fabricated on a single wafer with snake springs and
permanent magnets.
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In this research, a development of the triple stepped structure
is compatible with TSMC 2P4M process. Bistable switch
based on a triple stepped beam structure is proposed. The
electrostatic effect is employed to create the external force in
bistable mechanism. Finite element analyses are carryout out
for design and analysis of the device. Mechanical behaviors
of the beam structure are characterized.

2. DESIGN

A schematic of bistable switch based on a triple stepped beam
structure is shown in figure 1(a). The beam structure is
electrically conductive. Initially, the beam structure is in its
first stable equilibrium position. When a voltage difference is
applied between the beam structure and the bottom electrode
(see figure 1(a)), the stepped beam is moved downward
towards the conduction path by the presence of the
electrostatic force F. The contact position is located between
the unstable equilibrium position and the second stable
equilibrium position of the beam structure to ensure electrical
conduction of the conduction path. The switch stays at the
contact location even when the voltage bias is removed (see
Figure 1(b)). When a voltage bias input is applied between
the beam and the top electrode, the beam moves upward and
returns to its initial state, off state (see Fig. 1(c)).
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Figure 1: Schematic of a bistable switch at initial position (a);
on state (b) and off state (c).
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Figure 2: Dimensions of the bistable micro switch.

3. MODEL

Dimensions of the beam structure are indicates in Fig. 2.
The lengths and thicknesses of the 4-layered structure are set
based on the TSMC 2P4M process. Based on the design rule
of the process, the distance between the top electrode and the
bottom electrode (N+ layer) is 60.45 pm. The width of the
device is 2 pm.

Due to the nonlinear deformation of the beam structure,
finite element analyses are employed to obtain the force and
energy curves of the device. Fig. 3(a) shows a mesh for a
two-dimensional finite element model.

A Cartesian coordinate system is also shown in Fig. 1(a).
The finite element model has 9312 4-node elements. The
CPE4R element type is employed in the analysis. The
material properties are listed in Table 1.

The displacements in the x and y directions of the

nodes at the anchors are constrained. A displacement in the
-y direction is applied to the nodes at the symmetric plane of

the beam structure.

Table 1 Material properties of the device.

Aluminum Tungtsen
Young’s modulus (MPa) 80 x 103 70 x 103
Poisson ratio (-) 0.35 0.35
Density (g/um®) 2.7 x10-12 19.251-12
Thickness (um) 2 2

(b)

Figure 3: (a) Undeformed mesh and (b) deformed mesh of th
e beam structure.
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4. RESULTS AND DICUSSION

Figure 3(b) shows a deformed mesh of the beam structure
based on the finite element analyses. Figure 4 is the
force-displacement (f-d) curve of the beam structure. The
second stable equilibrium position occurs at a distance of
75.11 pm from the first stable equilibrium position. The
distance between the first stable equilibrium position and the
unstable equilibrium position of the bistable structure, 60 pm,
is less than the gap between the first stable equilibrium
position and the conduction path, 60.45 pm, which is required
to safeguard the bistable switch’s contact with the conduction
path. Figure 5 shows the stress — displacement curve of the
device. The maximum stress is 6.9 GPa, layer is 60.45 pm.
The width of the device is 2 pm.

Due to the nonlinear deformation of the beam structure, finite
element analyses are employed to obtain the force and energy
curves of the device. Figure 3(a) shows a mesh for a
two-dimensional finite element model.
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Fig. 4 F-d curve of the bistable switch.
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Fig. 5 Stress - displacement curve of the bistable switch.
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5. CONCLUSION

A Dbistable switch based on a triple stepped beam is
developed. The design of the beam structure follows the
design rule of TSMC 2P4M process. The f-d curve of the
device based on the finite element analyses guaranties reliable
contact between the beam and the conduction path. A
prototype is the device will be fabricated and tested to prove
this design concept.
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