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ABSTRACT
Microelectromechanical systems (MEMS) are the highly miniature device or an array of devices combining electrical and mechanical components that is fabricated using IC batch processing. MEMS are manufactured by processes namely crystal growing, wafer preparation, film deposition, oxidation, lithography, etching. In MEMS, a wide variety of transduction mechanisms can be used to convert real world signals from one form of energy to another, thereby enabling many different micro sensors, micro actuators and microsystems. Due to inherent advantages of batch fabrication technique, integrability, ,these systems have wide scope of application. MEMS transducers improve automotive control system and amends safety (case study). MEMS can improve performance, but at the price of higher development costs, greater complexity and a longer development time.
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WHAT IS MEMS? 

Submicron manufacturing promises to

provide economic solutions to meeting

increasingly demanding customer needs and, at the same time, decreasing time to market,energy consumption, and environmental costs. Manufacturing at the submicron level has four evolutionary advances in (1) miniaturization and (2) microelectromechanical systems (MEMS), as well as revolutionary advances in (3) nanofabrication and (4) biotechnology. This paper deals with MEMS.

                                                                                                                             MEMS SCAN ENGINE (1)

The proliferation of more powerful, but smaller intelligent systems will lead to advances that will be crucial for meeting several of the grand challenges for manufacturing in 2020. Using the fabrication techniques and materials of microelectronics as a basis, MEMS processes construct both mechanical and electrical components. Mechanical components in MEMS, like transistors in Microelectronics, have dimensions that are measured in microns and numbers measured from a few to millions. Ceramics and polymers are becoming important materials for MEMS application because of wide range of properties and promised improvement in performance. MEMS is a fabrication approach that conveys the advantages of miniaturization, multiple components, and microelectronics to the design and construction of integrated electromechanical systems. Following graph shows rapid growth in MEMS market in recent years –
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HISTORICAL BACKGROUND OF MEMS TECHNOLOGY:

1960: Invention of planar batch fabrication process improving reliability and cost of semiconductor devices and allowing integration of multiple semiconductor devices.

1970: Development of the microprocessor.

1970s & 1980s: MEMS technology for producing parts for automotive industry.

1989: Researchers at MIT developed the first electro statically controlled

micro motors that used rotating bearing surfaces.

1990s: A tremendous increase in the number of devices, technologies, and

applications has greatly expanded the sphere of influence of MEMS and it is

continuing today.

MANUFACTURING PROCESS

Many of the micro fabrication techniques and materials used to produce MEMS have been borrowed from the IC industry. There are six basic manufacturing steps towards making a final MEMS component.
A) CRYSTAL GROWING                                                      
For making high quality, defect free single crystal       SPEED SHAFT          
material for micro devices silicon has to be                                                                                                                         purified. The most widely used crystal                                                SPEED CRYSTAL growing method is Czochralski process, (as shown aside).                MOLTEN SILICON                                                   
It utilizes a seed crystal that is dipped into a silicon   —»TO VACCUM PUMP         

melt and then slowly pulled out by being rotated. Initially the pulling rate is rapid, which causes the

single crystal of silicon to solidify against the seed, forming a neck. The velocity is then reduced( 10 μm/s),  causing the neck to grow into the desired diameter  ( usually 50-200mm diameter and 1 m in length), while maintaining the single crystal structure
[image: image3.emf]
B) WAFER PREPARATION

Thickness is required for most applications is of microns size, but here this thickness (0.5mm) is required for physical support to absorb strains and temperature changes.  To avoid wastage during the slicing process multi wire slicing technique is used. Finally the wafers are chemically cleaned to remove organic films.

C) FILM DEPOSITION

Micro devices are fabricated on insulating films deposited on wafers. These deposited films reduce impurities and improve the performance of microdevices. Various techniques for film depositions are:

Evaporation: - Vaporization of metal to form a thin layer on the surface.

Sputtering: - Bombarding the target with high energy ions.

Epitaxy: - Forming of Crystalline layer using the substrate as a seed crystal.

Chemical vapour deposition: - Chemical vapour deposition is carried out in a reactor which has a reactant supply system, a deposition chamber and a recycle system.

D) OXIDATION

Here growth of oxide layer by the reaction of oxygen with a substrate material

occurs. Silicon surfaces have high affinity for oxygen. Oxidation of the silicon wafer

is performed multiple times during fabrication. Silicon dioxide performs three

functions:
Mask to prevent diffusion of impurity atoms of silicon.

Isolate devices in the circuit.

Surface passivation (insulation).

For making high quality, defect free single crystal, the single crystal silicon ingot called boule is now reduced into thin, disc shaped wafers in the steps:

• Ingot preparation

• Wafer slicing

• Wafer preparation
Single crystals are finished on cylindrical grinding machine with diamond wheel for diameter and roundness control (as shown in previous page). Crystals are  now sliced into wafers, about 0.5 mm. Here wafer is exposed to oxidizing atmosphere at temperature 900-1300ºC in oxygen

atmosphere. The chemical reactions are-

                                                      Si + O2 (800-900ºC) ( SiO2
                                                      Si + 2 H2O (800-900ºC)  (SiO2 + 2 H2
E) LITHOGRAPHY

It is a process by which geometric pattern that defines the device is transferred from a mask to a substrate surface .Various techniques are-

1) Electron Beam lithography 2) X-ray lithography

3) Ion lithography 4) Photo lithography

[image: image4.emf]Photo lithography is most commonly used. Here light radiation is used to expose a coating of photo resist on the surface of the silicon wafer. A mask containing the required geometric pattern for each layer separates the light source from the wafer so that only the portion of photo resist not blocked by the mass, are exposed. The mask is

a transparent glass plate (2 mm thick) onto which a thin film ( a few µ m thick) of opaque substance is deposited in certain areas to form the desired pattern.
F) ETCHING

It is a process by which the entire film or a part of it is removed. The etchant must

effectively etch the silicon dioxide layer with minimum removal of underlying silicon.

Also the metal must be etched into high resolution lines with vertical profile as shown

below. The various techniques for getting typical structures like membranes, cantilevers are:–

Bulk micromachining- It is used to create thin membrane in a microstructure.
For this common practice is to dope the silicon substrate with boron atoms.
LIGA-It is a German acronym which means lithography, plating, moulding. This process is used for making micro moulds and uses X-ray lithography techniques.

Surface Micromachining- It is used to construct cantilevers, over hangs etc.

CHALLENGES AND LIMITATIONS

MEMS technology is currently used in low- or medium-volume applications. Some of the obstacles preventing its wider adoption are:

Limited Options - Most companies have no capability or expertise in micro

Fabrication technology. A mechanism giving smaller organizations responsive and affordable access to MEMS fabrication is essential.
Packaging - The packaging of MEMS devices and systems needs to improve
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considerably from its current primitive state. MEMS packaging is more challenging than IC packaging due to the diversity of MEMS devices and the requirement that many of these devices be in contact with their environment.

Some of the other issues limiting the development of MEMS technology are: 
a) The narrow materials base 
b) the limited knowledge of the mechanical and hydrodynamic behavior of materials at the micro scale; 
c) The dominance of interfacial forces over body forces. Strong adhesion, friction and wear are major problems limiting the realization of many micromechanical devices; 
d) Complexity of fabrication.

IMPORTANT APPLICATIONS

Due to versatility of MEMS technology it finds wide scope for application in areas

such as automobile, medical, aviation, defense, wireless and optical communications.

Defense and aerospace applications - Navigational gyroscopes, sensors for border

control and environmental monitoring, and munitions guidance.

Wireless and optical communications systems - MEMS-based micro mirrors, more functionality due to smaller form factors, lower costs and low power consumption.

Medical applications -. MEMS based surgical instruments (e.g. smart scalpel,

phacoemulsification tool) add to more flexibility and simplicity in surgery.

Other interesting applications- MEMS dust, smart roads, Micro robots, micropumps
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APPLICATION OF MEMS FOR AUTOMOTIVE OPERATION AND SAFETY:-
After about 25 years of experimentation, it was the automotive industry which first commercially applied MEMS devices recognizing the benefits of MEMS devices' as

small size, relative low cost and high degree of sensitivity. Some of them are

discussed below.

MEMS accelerometer

These accelerometers impart superior low-noise performance, high-speed power-up,

low current draw, high shock survivability, excellent temperature performance.

1) Airbag control- MEMS is first applied in the airbag accelerometer. Early airbags required the installation of several bulky accelerometers made of discrete components mounted in the front of the car. MEMS, the accelerometer and electronics are integrated on a single chip providing quicker response to rapid deceleration.

2) Rollover detection- These systems combine accelerometer and gyroscope to read vehicular roll angle and rate.

3) Active suspension- Accelerometers located in wheels continuously monitor road conditions and thereby stiffening and softening the conditions for safety and comfort.

4) Anti lock break- This allows driverto regain control of a skidding vehicle.

Tire pressure monitoring- Direct TPM Systems, measure tire pressure and send

information to a dashboard display. Accelerometers in the tire activate TPM only when the wheel is in motion allowing long life on a single battery

MEMS mass flow sensor- These sensors can be used for measuring air flow in the exhaust stream of automobile and diesel engines. Mass flow in the exhaust stream is an important parameter for real-time measurement and control of engine behavior. In principle, flow sensors placed further upstream closer to the ignition source provide more accurate data, but conventional sensors have proven impractical for this harsh environment.

Silicon nozzle for fuel injection- The conventional diesel fuel injector is

operated by a fuel pump to provide high pressure so that the fuel jet coming out of the nozzle will break into small droplets which are much smaller than the nozzle diameter in the atomization flow regime. The cyclic high pressure will introduce high stress near the nozzle which is undesirable. The moving parts in the conventional fuel injector and the fuel pump will cause wear problems. In contrast, diesel fuel injection

by the thermal micro injector is not operated at such high pressure and there is no

need of the fuel pump and moving parts.

Inertial navigation-

Other MEMS based automotive controls include Climate control, Night vision, AC compressor sensor, Vehicle security, Side impact sensor, Headlight leveling, Sensors for collision avoidance and skid detection.

CONCLUSION:-
The potential MEMS have brought technological revolution of miniaturization in

different fields. Reduction in cost and increase in the performance due to micro

sensors, micro actuators lead to the advances those are crucial for meeting several

grand challenges. Despite the limitations involved in commercializing MEMS, the

number and scale of such commercialization efforts are growing rapidly.

MEMS accelerometers and gyroscopes offer the opportunity for applying inertial navigation for a wide variety of new applications. This includes navigation and guidance of low cost, small unmanned vehicles. 
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