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ABSTRACT—

Microelectromechanical systems (MEMS) micro cantilevers have gained increasing attention in recent years due to their numerous applications in sensing and
actuation. In this survey paper, we provide a comprehensive overview of MEMS micro cantilevers, including their design principles, fabrication techniques, analysis
and simulation methods, and applications in various fields such as chemical and biological sensing, force and displacement sensing, and energy harvesting. We also
discuss the development of MEMS micro cantilever arrays and their use in high-throughput screening and parallel sensing applications. This survey paper provides
a valuable resource for researchers and engineers working in the field of MEMS and microsystems

Keywords- MEMS, micro-Cantilever.

INTRODUCTION

Microelectromechanical systems (MEMS) micro cantilevers are tiny, beam-like structures that are widely used in various fields such as sensing, actuation,
and energy harvesting. These micro cantilevers typically have a length-to-thickness ratio of 10 or more, making them highly sensitive to mechanical
stimuli such as force and displacement. MEMS micro cantilevers are usually fabricated using microfabrication techniques such as photolithography,
etching, and deposition. They can be made of different materials such as silicon, polymers, and metals, depending on the intended application.

One of the main advantages of MEMS micro cantilevers is their small size, which allows for their integration into complex microsystems and the
development of portable and low-cost devices. Moreover, their high sensitivity, fast response, and low power consumption make them ideal for various
sensing applications, such as chemical and biological sensing, environmental monitoring, and structural health monitoring.

In this context, the design, analysis, and fabrication of MEMS micro cantilevers have become a hot research topic, with many researchers and engineers
investigating new materials, structures, and fabrication techniques to enhance their performance and enable new applications.The designing of mems
micro cantilever can be done using a different softwares like COMSOL multi-physics and others. MEMS micro cantilever block diagram is shown below.

I. BLOCK DIAGRAM
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Figl. Block diagram of cantilever
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MEMS cantilever is a tiny, beam-like structure that is used for various sensing and actuation applications. It is typically made of a thin, flexible material
such as silicon, polymers, or metals, and has a length-to-thickness ratio of

10 or more, making it highly sensitive to mechanical stimuli such as force and displacement. The cantilever structure consists of a fixed base, a flexible
beam, and a free end. When an external force is applied to the free end, the beam undergoes a deflection, which can be measured and used to sense the
applied force. The amount of deflection is proportional to the force magnitude and can be detected using various methods such as optical, electrical, or
piezoresistive sensors.

MEMS cantilevers can also be used as mechanical resonators for energy harvesting and as actuators for microscale devices. By applying an electric or
magnetic field to the cantilever, it can be made to vibrate at a specific frequency, which can be used for various applications such as sensing, filtering,
and signal processing. The small size and high sensitivity of MEMS cantilevers make them ideal for a wide range of applications, such as chemical and
biological sensing, environmental monitoring, and structural health monitoring. The design, fabrication, and characterization of MEMS cantilevers are
active research areas, with many researchers and engineers investigating new materials, structures, and fabrication techniques to enhance their
performance and enable new applications.

Fig 2: Microcantilevers as Needles

Fig 3: Cantilever array for read/write memory
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Fig 4: Cantilever as Neural probes

II. METHODOLOGY

The methodology for the design, fabrication, and characterization of MEMS micro cantilevers typically involves several steps, including:

Design: The design of a MEMS micro cantilever involves specifying its dimensions, material properties, and other relevant parameters based
on the intended application. Finite element analysis (FEA) is often used to optimize the design and predict its mechanical behavior.

Fabrication: The fabrication of MEMS micro cantilevers typically involves microfabrication techniques such as photolithography, etching,
and deposition. These techniques allow for the precise control of the cantilever's dimensions and properties. The specific fabrication process
used depends on the material and design of the cantilever.

Assembly: After fabrication, the cantilever may need to be assembled with other components to form a complete microsystem. This may
involve bonding the cantilever to a substrate or integrating it with other microscale components.

Characterization: The characterization of a MEMS micro cantilever involves measuring its mechanical properties, such as its stiffness,
resonance frequency, and damping. This can be done using techniques such as optical interferometry, piezoresistive sensing, or atomic force
microscopy (AFM). The cantilever may also be tested for its sensing or actuation performance in its intended application.

Optimization: Based on the results of the characterization, the design and fabrication process may need to be optimized to improve the
cantilever's performance. This may involve modifying the design parameters, changing the fabrication process, or adjusting the assembly
process.
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Fig 5: Designed 3D model of a micro-cantilever
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III. ADVANTAGES

1. Miniature size: MEMS micro cantilevers can be fabricated on a very small scale, making them suitable for use in compact devices and systems.

2. High sensitivity: MEMS micro cantilevers can detect very small changes in force or mass, making them useful for a variety of sensing applications.

3. Low power consumption: MEMS micro cantilevers require very little power to operate, making them suitable for use in battery-powered or
portable devices.

4. Rapid response time: MEMS micro cantilevers can respond quickly to changes in force or mass, enabling real-time monitoring and control.

5. Low cost: MEMS micro cantilevers can be fabricated using low-cost manufacturing techniques, making them a cost- effective solution for many
applications.

6. Versatility: MEMS micro cantilevers can be used for a wide range of applications, including sensing, actuation, and manipulation of small objects.

IV. APPLICATIONS

Biosensors: MEMS micro cantilevers can be functionalized with biological molecules to detect specific biomolecules or bacteria.

Atomic force microscopy (AFM): MEMS micro cantilevers can be used as probes for AFM, a powerful microscopy technique that allows imaging
of surfaces at the atomic scale.

Gas and chemical sensors: MEMS micro cantilevers can also be used as gas and chemical sensors.
Energy harvesting: MEMS micro cantilevers can be used to harvest energy from ambient vibrations or mechanical movements.

Nanomechanical resonators: MEMS micro cantilevers can be used as nanomechanical resonators, which are used to measure small changes in
mass or force.

V.CONCLUSION

In conclusion, MEMS micro cantilevers are a promising technology that have a wide range of applications in sensing, actuation, and energy harvesting.
The small size and high sensitivity of micro cantilevers make them particularly useful for microscale systems and devices. The design, fabrication, and
characterization of MEMS micro cantilevers are active research areas, with many researchers and engineers investigating new materials, structures, and
fabrication techniques to enhance their performance and enable new applications. Some of the key challenges in this field include improving the sensitivity
and reliability of the cantilevers, as well as integrating them with other microscale components to form complete microsystems. Despite these challenges,
the potential of MEMS micro cantilevers is vast, with applications ranging from environmental monitoring and healthcare to aerospace and defense. As
the field continues to advance, it is likely that we will see more innovative and exciting applications of MEMS micro cantilevers in the years to come.
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