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Abstract: This paper introduces an innovative approach for designing, optimizing, and simulating a low voltage
MEMS switch specialized for micro-pump applications. The primary goal is to improve the efficiency of micro-
pumps used in drug delivery. The design process focuses on tailoring the switch’s geometry for micro-pump
purposes and employs objective functions encompassing actuation voltage, insertion loss in the up-state, and
isolation in the down-state. To solve the intricate optimization task, mathematical programming is combined with
the Multi-Objective Particle Swarm Optimization (MOPSO) meta-heuristic algorithm, enabling simultaneous
consideration of actuation voltage, insertion loss, and isolation. By analyzing the Pareto front derived from these
parameters, the study identifies design requirements and optimal levels for the switch. The proposed MEMS
switch demonstrates remarkable performance metrics, including �11 and �21 values of –11.74 dB and –34.62 dB at
40 GHz, a pull-in voltage of 2.8 V, and an axial residual stress of 25 MPa. This research presents an innovative
strategy for optimizing capacitive switch MEMS models, using a multi-objective approach and the MOPSO
algorithm to enhance efficiency in micro-pump applications.

Keywords: switch MEMS; Multi-Objective Particle Swarm Optimization (MOPSO) algorithm; uti-liti algorithm;
spring constant; actuation voltage

1. Introduction
Bio-electromechanical micro-systems (Bio-MEMS) use micro-sized components, such as sensors,

transducers, mechanical actuators, and electronic equipment. Bio-MEMS refers to any type of MEMS used in
biological applications. As an example, micropumps can be used, which is an electromechanical system used for
advanced drug delivery. Various actuation mechanisms, including electrostatics, piezoelectricity, thermo-
pneumatics, bimetallic electro-thermal expansion, shape-memory effects, or ionic conductive polymer films, are
necessary for operating mechanical micropumps. One of the challenges of making micro pumps is making a
membrane on the pump, which is known as a switch pump [1].

Micro Electromechanical Systems (MEMS) represent a technological process capable of integrating intricate
systems and components comprising both electrical and mechanical elements [2]. In reference [3], a method for
fault detection and diagnosis of RF MEMS resonators on transceiver boards was proposed, utilizing Lyapunov
theory and neural networks to ensure continuous operation by identifying and compensating for fatigue-related
faults. MEMS switches are widely acknowledged for their efficiency in applications such as fuzzy array systems
and switching filters for wireless communication, owing to their low power consumption, high isolation, minimal
insertion loss (typically around 0 dB up to 100 GHz for RF MEMS switches), and superior linear performance
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compared to diodes or FET switches [4]. Nevertheless, MEMS switches exhibit weaknesses in terms of high
actuation voltage and switching time.

Various stimulating mechanisms, including electrostatic, electromagnetic, piezoelectric, or thermal designs,
can be employed to establish two crucial types of MEMS switches: ohmic (serial switches) and capacitive (shunt
switches). These switches can operate on microstrip lines and coplanar waveguide (CPW) lines on substrates
such as glass, silicon, and GaAs, supporting configurations up to 100 GHz frequencies. When no voltage is applied
to the suspended bridge, the central conductor transmits the signal and generates an electrostatic force upon
applying an electrical signal to the suspended bridge. Consequently, the conductor lowers the suspended bridge,
grounds the central conductor, and blocks signal passage. A dielectric layer is typically incorporated on the CPW
transmission line to prevent metal-to-metal contact, corrosion, and metal fatigue due to frequent connections.

Crucial parameters in MEMS switch design include isolation, operating time, electrostatic actuation voltage,
stability against temperature variations, and transmission losses [2]. Numerous studies have addressed these
parameters: A capacitive switch on a glass sub-layer achieved –35 dB isolation and –0.4 dB insertion loss within
a 0 to 20 GHz frequency range [5]. Reference [6] presented a switch with a low spring constant and a 7 V
actuation voltage. Additionally, reference [7] reported a switch with a –5.6 dB insertion loss and –24.38 dB
isolation at a 40 GHz frequency using a 3.04 V output voltage. Similarly, reference [8] introduced a switch with -
0.7 dB insertion loss and –30 dB isolation at 40 GHz frequency with an output voltage of 4.8–6.8 V. Reference [9]
demonstrated a switch with –3 dB insertion loss and –13 dB isolation at 40 GHz frequency using an output
voltage of 11.7 V. Reference [10] achieved –0.34 dB insertion loss and –72.4 dB isolation at 40 GHz frequency
with a 12 V output voltage. Furthermore, reference [11] presented a switch with –0.8 dB insertion loss and –30
dB isolation at 40 GHz frequency using a 25 V output voltage. Finally, reference [12] utilized a 3 V output voltage
at 40 GHz frequency, and reference [13] achieved –9 dB insertion loss and –42 dB isolation at 13.5 GHz
frequency with a 15–16 V output voltage.

Patients suffering from chronic illnesses necessitate precise drug delivery within short durations.
Addressing this imperative, we have devised a mechanism facilitating automated drug administration to patients.
Moreover, it is advantageous to engineer a switch characterized by low voltage consumption to mitigate
potential adverse effects on the human body. Additionally, a low-voltage switch contributes to the prolonged
lifespan of micro pumps. Consequently, we present in this study a Micro Pump Switch MEMS exhibiting superior
quality. Furthermore, this innovative structure holds promise for application in transmission lines, exhibiting a
significant reduction in insertion loss parameters compared to conventional low-voltage RF MEMS switches.

The current study presents a method for optimizing the multi-objective functions, namely voltage actuation
and RF parameters, of a switch through mathematical programming. The developed model is then solved using
the MOPSO meta-heuristic algorithm. Furthermore, this model is applied to design a MEMS switch with reduced
electrostatic actuation voltage and enhanced insertion loss and isolation, achieved by selecting appropriate
structural dimensions (width, length, and thickness) and utilizing the Pareto front obtained for the designed
beam spring constant. The paper is structured as follows: Section 2 assesses the performance of the switch.
Section 3 delves into the model details and showcases the Pareto front solution set for actuation voltage,
insertion loss in the up-state, and isolation in the down-state, obtained by solving the proposed model using
MOPSO and the utility algorithm. Section 4 conducts simulations of the target switch and evaluates essential
parameters such as actuation voltage, operating time, insertion loss, and isolation. The designed switch is
analyzed in Section 5. Finally, Section 6 summarizes the findings and draws conclusions.

2. MEMS Switch Performance

2.1. Micro-Pumps

Micro-pumps are increasingly prominent in biomedical microelectromechanical systems (BioMEMS)
devices for measuring small-scale mechanical movements, typically employing silicon-based cantilevers due to
their availability and seamless integration with silicon-based technology. Various types of micropumps find
application across diverse fields. Below are some commonly encountered types:
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(1) Electrostatic Micropumps: These micropumps harness electrostatic forces to generate fluid flow. They
typically comprise a flexible diaphragm and electrodes that create pressure differentials to manipulate
fluid movement.

(2) Piezoelectric Micropumps: These pumps leverage the piezoelectric effect; wherein specific materials
generate an electric charge under mechanical stress. This phenomenon is utilized to induce fluid flow.

(3) Thermal Micropumps: These pumps utilize thermal energy to induce fluid flow, employing
mechanisms that capitalize on temperature differentials to drive fluid movement. They often have
micromachined structures containing heating elements that cause localized temperature gradients,
leading to convective flow [14].

Reference [15] provides an extensive examination of the potential of microfluidic actuators in drug dosing,
emphasizing their capacity to reduce size and energy consumption while facilitating innovative therapies.
Despite these benefits, the scarcity of industrial micro dosing units indicates limited adoption. The authors delve
into the specific challenges within medical dosing, encompassing safety, precision, and system limitations, and
scrutinize mechanical micropumps for drug delivery. They survey existing industrial micro dosing systems,
underscoring the imperative for further research to optimize pump efficacy, address safety apprehensions, and
ensure compatibility with diverse medications. In essence, while micropumps hold significant promise for
augmenting drug dosing applications, sustained exploration and refinement are imperative to surmount extant
obstacles and encourage widespread acceptance.

Additionally, reference [16] delves into the progression of various micropump technologies over the
preceding three decades, recognizing their maturation and established performance benchmarks. It anticipates
future healthcare trends, emphasizing enhanced device connectivity through smartphone applications to enrich
patient engagement and treatment compliance, alongside the escalating demand for monitoring infusion
precision, micropump functionality, and physiological metrics relevant to therapy. Nonetheless, despite the
considerable research devoted to micropumps, ancillary components of drug delivery apparatuses, such as drug
reservoirs and fluidic connections, have received comparatively less attention. Challenges persist in devising
secure, biocompatible, and dependable reservoirs that uphold pumping efficacy over time, as well as ensuring
compatibility with sterilization procedures. Furthermore, standardizing microfluidic connections and reservoir
platforms to accommodate diverse micropump variants could streamline FDA approval processes and expedite
time-to-market for drug delivery apparatuses. Figure 1 illustrates an electrostatic micro-pump is a device used to
generate fluid flow on a small scale, typically in microfluidic systems. It operates based on the principles of
electrostatic forces. The pump consists of a flexible diaphragm or membrane, typically made of a polymer
material, which separates two fluid chambers. Each chamber has electrodes integrated into it, and applying an
electric voltage between the electrodes generates electrostatic forces. These forces cause the diaphragm to
deform and generate pressure gradients, resulting in fluid movement [17].

The working principle of an electrostatic micro-pump involves two main stages: the compression phase and
the relaxation phase. During the compression phase, an electric field is applied, attracting the diaphragm toward
one chamber and compressing the fluid [16]. As a result, the fluid is pushed toward the outlet. In the relaxation
phase, the electric voltage is switched off, allowing the diaphragm to return to its original position, creating a
suction effect and drawing fluid from the inlet. The advantages of electrostatic micro-pumps include their small
size, low power consumption, and compatibility with a wide range of fluids. However, they may face challenges
related to clogging, limited maximum flow rates, and potential reliability issues associated with diaphragm
fatigue. The electrostatic micro-pump membrane is a flexible component within an electrostatic micro-pump
that plays a crucial role in generating fluid flow. The membrane of an electrostatic micro-pump is designed to be
responsive to electrostatic forces. It deforms when an electric voltage is applied across the electrodes, generating
pressure gradients that propel the fluid through the system. The membrane acts as a barrier between the two
chambers, preventing fluid mixing while allowing controlled fluid displacement. The design and dimensions of
the membrane also contribute to the pump's performance. Factors such as thickness, size, and shape of the
membrane influence the generated pressure differentials, flow rates, and response time of the pump. Optimizing
these parameters ensures efficient and reliable fluid movement [18].
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(a)

(b)

(c)

Figure 1. The schematic of the electrostatic micro-pump. (a) Normal situation; (b) Voltage application; (c)
Elastic discovery.

2.2. Switch Spring Constant and Excitation Voltage

Figure 2 illustrates a configuration of parallel MEMS switches. In this arrangement, the lower electrode
functions as the central transmission line of the waveguide, while the upper electrode consists of a thin metal
sheet suspended from the lower electrode and linked to the lateral conductors of the coplanar waveguide.
Moreover, a thin dielectric layer covers the lower electrode to prevent direct metal connections [19].
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Figure 2. The schematic of the switch.

The switch depicted in Figure 2 can transition between two positions, namely up and down, through the
application of a DC actuation voltage. The gap between the electrodes influences the ratio of capacitors in the on
and off states, as well as the isolation. When no excitation voltage is present, the upper electrode acts as a minor
parasitic capacitor, usually negligible under ideal conditions. The electrostatic actuation voltage for the
capacitance switches is determined using Equation (1) [20].

� = �
2
3

�0 =
8�

27�0� �03 (1)

where �0, �0, and k represent the vacuum permittivity coefficient, the air gap between the suspended bridge and
the transmission line at zero electrostatic actuation voltage, and the spring constant of the beam, respectively.
Reducing �0 (�0 = ���� + �ℎ� ) and increasing the area of the switch (A) can result in a lower spring constant
[21,22]. One effective approach to reduce the actuation voltage is by decreasing the spring constant k, which can
be achieved through the design of a more flexible structure. Numerous studies have explored methods to control
and diminish the spring constant value [23]. Figure 3 illustrates that applying voltage to the bridge induces a
variation in capacitance, i.e., a variable capacitor. The value of the variable capacitor �� , �� depends on the
voltage applied to the suspended bridge. Furthermore, the capacitance �� and �� correspond to the upstate and
downstate of the capacitor, respectively, and their values are calculated based on Equations (2) and (3) [20]:

Figure 3. The electric model consists of switch MEMS.

�� =
�0ɛ� ��

��
(2)

�� =
�0��

���� + ( ��
��

) (3)



Digital Technologies Research and Applications | Volume 3 | Issue 2

55

where �� denotes the switch area, �� represents the thickness of the dielectric, and �0 denotes vacuum
permittivity. The �-parameters are initially measured in the up-state position data (�11) and fitted to obtain the
up-state capacitance of the switch (�21). �11 and �21 are acquired using Equations (4) and (5) [20]:

�11 �� ����� =
−�����0

2 + �����0
⇛ �11

2 =
�2�0

2(�0��)2

4( ���� + (
��

��
)2 (4)

�21 ���� ����� =
2

2 + �����0
⇛ �21

2 =
4��

2

�2�0
2(�0ɛ���)2 (5)

where �0 represents the impedance of the transmission line, set at 50 Ohms, and ω is the angular frequency.

3. MEMS Switch Design

3.1. Principles for Mathematical Programming

Mathematical programming, a method grounded in problem modeling, utilizes programming techniques to
optimize decision-making processes. Operations research methodologies involve observation, definition,
modeling, model solving, and model implementation, crucial for yielding research outcomes [24]. In
mathematical programming, the formulation of a problem model requires adherence to four key components:
the objective function, constraints, decision variables, and parameters [24]. The Pareto front, representing an
optimal vector dominating others within the solution space, emerges from the solution set of the objective
function [25]. For RF switch MEMS optimization, a multi-objective integer programming model is proposed,
aiming to minimize actuation voltage while maximizing insertion loss in the up-state and isolation in the down-
state. Table 1 details the objective function, constraints, decision variables, and parameters of this mathematical
model.

In the design of the improved switch MEMS outlined herein, we adopt the structure previously proposed in
reference [9]. Parameters W and L denote the width and length of the RF Coplanar Waveguide (CPW), set at 80
and 200 micrometers, respectively, following the configuration outlined in reference [9]. Additionally, CPW
parameters are aligned with a 50-ohm characteristic impedance. Our analysis focuses on the individual
performance of the designed switch MEMS at an operational frequency of 40 GHz, rather than across the entire
frequency spectrum.

Table 1. Parameters and Decision variables of this paper mathematical model.

3.2. Objective Functions

The objective functions aim to achieve the following goals: Minimization of the actuation voltage, based on
Equation (1), Maximization of the insertion loss in the up-state, formulated according to Equation (4),
Minimization of the isolation in the down-state, derived from Equation (5), and the mathematical model
presented in this paper is encapsulated in Equations (6)–(9).

Parameters
AL Young’s
modulus (E)

AL Poisson’s
ratio (ν)

Switch thickness
(t)

Vacuum permittivity
(ɛ0)

switch Width
(W)

70 GPa 0.32 0.877 µm 8.85 × 10−12 N/A2 80 µm
Decision Variables

spring constant
(k)

switch Length
(W)

Dielectric layer
thickness

(td)

Air gap
(g gap)

Angular frequency of
operation

(ω)

https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D9%88%D8%AA%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D9%85%D9%BE%D8%B1
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Actuation voltage: ���: �1 = � =
8�

27�0�� �03 (6)

Insertion loss up state: ���: �2 = �11
2 =

�2�0
2(�0��)2

4( ���� + (
��

��
)2 (7)

Isolation down state: ���: �3 = �21
2 =

4��
2

�2�0
2(�0ɛ���)2 (8)

Subject to:
1 N/m ≤ � ≤ 1.4 N/m

150 µm ≤ � ≤ 200 µm
1.1 µm ≤ ���� ≤ 1.4 µm

10 GHz ≤ �/2� ≤ 120 GHz
0.085 µm ≤ �� ≤ 0.11 µm

(9)

4. Multi-Objective Particle SwarmOptimization

4.1. (MPSO) Algorithm

Particle swarm algorithm is an evolutionary algorithm for the optimization of nonlinear functions presented
based on the social behavior of birds. This algorithm was introduced [26], which was derived from the behavior
of invasive particles like the crows [27]. The MOPSO algorithm is solved by the following Equations (10) and (11).

��(�) = � × ��(� − 1) + �1 × ����1 × (��.���� − ��(�1)) + �2 × ����2 × (��.���� − ��(� − 1)) (10)

�� = ��(� − 1) + ��(�) (11)

where the velocity ��� of the ��ℎ particle at the iteration ��ℎ is determined by the current solution ��� (or position)
of the particle at that iteration. �1 and �2 are positive constants, while �1 and �2 are two random variables with a
uniform distribution between 0 and 1. In this equation, w represents the inertia weight, indicating the influence
of the previous velocity vector on the new vector. An upper bound is imposed on the velocity in all dimensions
���� . This limitation prevents the particle from moving too rapidly from one region in the search space to
another. This value is usually initialized as a function of the range of the problem [27]. After tuning the MOPSO
parameters, the model RF switch MEMS problem is solved in MATLAB software. The visualization of the
estimates of the Pareto front for the case study problem is depicted in Figure 4. In addition, the best values for
the algorithm’s parameters defined in Table 2.

Table 2. Best parameters for MOPSO algorithm.

Population Size Number of Iterations Velocity Limits
������

Inertia Weight Damping Ratio
�����

250 500 0.15 0.98
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(a) Insertion loos (in the up-state situation) verses actuation voltage.

(b) Isolation (in the down state situation) verses actuation voltage.

(c) Isolation (in the down state situation) verses Insertion loos (in the up-state situation).

Figure 4. The visualization of the estimates of the Pareto front for the case study problem in MATLABE software.

4.2. Uti-liti Algorithm

Each set of solutions represents a scenario for the development of a capacitance switch. With a preference
for solutions that align closely with the target values, an approach based on the utility of the target functions was
employed to identify the optimal solution. This approach aims to minimize the distance of each target function
from its respective best value in the reported answer set, ensuring the utility value Ui is equal to 1 when each
target function achieves its best value and 0 when it reaches its worst possible value. Equation (12) is optimized
to ensure that the utility related to the target function equals 1. Given Equations (13)–(16) [9], the utility value
equals 1 when each target function attains its best value and 0 when it reaches its worst possible value [28].

��� � (12)
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γ = ��� �1, �2, �3 (13)

�1 =
�1

��� − �1

�1
��� − �1

��� (14)

�2 = 1 −
�2

��� − �2

�2
��� − �2

��� (15)

�3 =
�3

��� − �3

�3
��� − �3

��� (16)

Table 3 presents the values associated with the best, worst, and final outcomes of the target functions in the
selected solution. Following the proposed utility algorithm, the optimal values for the actuation voltage, insertion
loss in the up-state, and isolation in the down-state are V = 2.801 V, �11 = –11.08 dB, and �21 = –46.91 dB,
respectively.

Table 3. Final value of the target function.

The optimal solution for the switch is identified in row 13 of Table 3. According to the proposed algorithm,
the optimal switch design is detailed in Table 4.

n V ��� ��� �� �� �� γ

1 2.801 –5.493 –47.517 0.988 0.182 0.063 0.063

2 2.837 –5.497 –48.209 0.565 0 0.978 0

3 2.821 –5.487 –46.220 0.765 0.455 0.992 0.455

4 2.802 –5.498 –46.693 0.988 0.091 0.296 0.091

5 2.851 –5.485 –46.224 0.412 0.545 0.997 0.412

6 2.846 –5.475 –46.226 0.471 1 1 0.471

7 2.886 –5.476 –46.225 0 0.955 0.999 0

8 2.861 –5.490 –46.214 0.294 0.318 0.984 0.294

9 2.826 –5.484 –46.222 0.706 0.591 0.995 0.591

10 2.809 –5.495 –46.185 0.894 0.091 0.946 0.091

11 2.801 –5.494 –46.469 1 0.136 0 0

12 2.862 –5.482 –46.224 0.282 0.682 0.997 0.282

13 2.801 –5.493 –46.517 0.988 0.182 0.063 0.063

14 2.837 –5.497 –46.209 0.565 0 0.978 0

15 2.821 –5.487 –46.220 0.765 0.455 0.992 0.455

16 2.802 –5.495 –46.693 0.988 0.091 0.296 0.091

17 2.851 –5.485 –46.224 0.412 0.545 0.997 0.412

18 2.846 –5.475 –46.226 0.471 1 1 0.471
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Table 4. Optimal switch design.

4.3. Switch Spring Constant

The spring constant described in Equation (17) is derived from the design of spiral beams, as depicted in
Figure 5 [29]. Table 5 displays the parameters corresponding to Equation (17).

Figure 5. Spiral Beams Design.

�� = [ 8�3�3 + 2��3

3���
+ ��� 3�+ 2�+1 4�+1 �

3��
− [

� �2 2��
���

+ 2�+1 �
��

2

2 �
���

+ �
��

− ��2

2
�
��

+ �
���

]−1] (17)

Table 5 presents the parameters of the Equation (17).

Table 5. The 17th equation parameters.

5. Designed Switch Analysis
This should clearly explain the main conclusions of the article, highlighting its importance and relevance.

This section is not mandatory but can be added to the manuscript if the discussion is unusually long or complex.

n V ��� ��� �� �� �� γ

9 2.826 –5.484 –46.222 0.706 0.591 0.995 0.591

Variables

k w ���� � �� ���

1.033 199.973 1.410 39.969 0.086

a b Shear Module (G) Polar Moment of
Inertia (��)

Torsion Constant (J)

4.5μm 45 μm � 2(1 + �) �� + �� 0.413IP

BeamWidth (w1) x-axis Moment of Inertia (��) z-axis Moment of Inertia (��)

1.5 μm ��3 12 ��3 12
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5.1. Electro-Mechanic Analysis

The proposed design underwent simulation using COMSOL software. Various boundary conditions were
employed in this design, including: Fixing the end of the beam to prevent movement, applying zero voltage to the
dielectric subsurface, Applying the bias voltage to the membrane surface, implementing symmetry conditions to
reduce computational complexity, utilizing boundary load conditions on the beam subsurface to prevent infinite
displacement errors, and applying boundary conditions of the electrical DC voltage on the switch level to mimic
real-world operation.

The simulation involves calibrating the element size for general physics, with a range between 1.98 and 11
μm. Parameters such as the maximum element growth rate, curvature factor, and resolution of the narrow factor
are set to 1.5, 0.6, and 0.5, respectively. The geometric entity level is designated as boundary, and both the
number of iterations and maximum element depth are set to 4. The interpolation method is automatic, and the
mesh graphic is illustrated in Figure 6.

Figure 6.Mesh graph of the proposed model.

Figure 7 depicts the simulation results of the optimized switch design. It is evident that applying an
actuation voltage of 2.8 V to the membrane surface induces a displacement of 1.4 µm, effectively reducing the
transmission line voltage to zero. Figure 8 illustrate the results the axial residual stress. The axial residual stress
resulting from applying the voltage to the switch surface is equal to σ = 25 MPa.

Figure 7. Z-displacement distribution (μm).
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Figure 8. Von Misses stress distribution (MPa).

5.2. Switch Operation Time and Capacitor Variations

The response time of the switch, which relies heavily on the applied voltage to the beam membrane, has
been optimized to approximately 15 μs through careful design and the use of electrostatic actuation voltage, as
depicted in Figure 9. Additionally, higher actuation voltages can further expedite response times. Consequently,
the capacitance reaches approximately 7 pF when the electrostatic actuation voltage is applied to the switch.
Upon discontinuation of the electrostatic actuation voltage, the capacitor value decreases to 0.1 pF, as illustrated
in Figure 10.

Figure 9. Simulation of the optimized switch in time domain. Membrane’s movement.

Figure 10. Capacitances of switch-on and switch-off.



Digital Technologies Research and Applications | Volume 3 | Issue 2

62

5.3. RF Switch Parameters

The electromagnetic analysis of the optimized switch design was conducted using Advanced Design System
(ADS) software. The index of dispersion, represented by the S parameters, was simulated. In Figure 11, with no
electrical voltage applied to the switch and in the off state, the return loss is �11 = –11.74 dB at a frequency of 40
GHz. Moreover, upon applying the actuation voltage to the membrane surface and turning on the switch, the
insertion loss is �21 = –34.62 dB at the frequency of 40 GHz, as depicted in Figure 12.

Figure 11. S-parameters of switch-up state.

Figure 12. S-parameters of switch-down state.

6. Results and Conclusions
The study developed a multi-objective model to determine the actuation voltage, insertion loss in the up-

state, and isolation in the down-state of an aluminum switch using mathematical programming. The proposed
model was solved using the Multi-Objective Particle Swarm Optimization (MOPSO) meta-heuristic algorithm and
the utility algorithm. Extracting the Pareto solution set allowed for determining the actuation voltage, insertion
loss, and isolation, with a spring constant of k = 1.033 N/m achieved using five membranes in a flexure
Serpentine configuration. Design parameters such as length (45), width (4.5), thickness (1.5), and the number of
membranes (4) were selected to minimize the objective function of the switch. After optimizing the RF MEMS
switch design, the electrostatic pull-in voltage was calculated as 2.8 V. The response time of the MEMS switch
was approximately 15 µs, and the capacitance ratio was equal to 70. The return loss and insertion loss were
determined as �11 = −11.74 dB and �21= −34.62 dB, respectively, for the optimized switch at a frequency of 40
GHz. Table 6 presents a comparison of our work with some typical developed capacitive RF-MEMS switches. The
designed switch demonstrates superior performance, with an optimal spring constant compared to previous
works [9,13–15,18,30], along with lower actuation voltage, isolation, and insertion loss. These achievements



Digital Technologies Research and Applications | Volume 3 | Issue 2

63

were realized through a balanced compromise between parameters. The design stands out for its remarkable
performance and appropriateness compared to prior research, showcasing its effectiveness and efficiency in
achieving optimal performance metrics in microelectromechanical systems. This paper introduces a pioneering
strategy aimed at reducing the transient response time of a standalone micro pump switch. Notably, our
discussion does not encompass the configuration of other sections of the micro pump, which could be explored
in future research endeavors. Our findings validate that through the proposed approach, the transient response
time of the switch diminishes concomitantly with a reduction in the actuation voltage.

Table 6. Comparison of developed capacitive RF-MEMES switches.
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