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NCERC is committed to transform itself into a center of excellence in Learning and Research in 

Engineering and Frontier Technology and to impart quality education to mould technically 

competent citizens with moral integrity, social commitment and ethical values. 

  

We intend to facilitate our students to assimilate the latest technological know-how and to 

imbibe discipline, culture and spiritually, and to mould them in to technological giants, dedicated 

research scientists and intellectual leaders of the country who can spread the beams of light and 

happiness among the poor and the underprivileged. 

 

 

 ABOUT DEPARTMENT 

 Established in: 2013 

 Course offered: B.Tech Mechatronics Engineering 

 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

 

DEPARTMENT VISION 

To develop professionally ethical and socially responsible Mechatronics engineers to serve the 

humanity through quality professional education. 

 

DEPARTMENT MISSION 

1) The department is committed to impart the right blend of knowledge and quality 

education to create professionally ethical and socially responsible graduates. 

2) The department is committed to impart the awareness to meet the current challenges in 

technology. 

3) Establish state-of-the-art laboratories to promote practical knowledge of mechatronics to 

meet the needs of the society 
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PROGRAMME EDUCATIONAL OBJECTIVES 

I. Graduates shall have the ability to work in multidisciplinary environment with good 

professional and commitment. 

II. Graduates shall have the ability to solve the complex engineering problems by applying 

electrical, mechanical, electronics and computer knowledge and engage in lifelong learning in 

their profession. 

III. Graduates shall have the ability to lead and contribute in a team with entrepreneur skills, 

professional, social and ethical responsibilities. 

IV.     Graduates shall have ability to acquire scientific and engineering fundamentals necessary 

for higher studies and research. 

PROGRAM OUTCOME (PO’S) 

Engineering Graduates will be able to: 

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

PO 2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of mathematics, 

natural sciences, and engineering sciences. 

PO 3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

PO 4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions. 

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 
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modern engineering and IT tools including prediction and modeling to complex engineering 

activities with an understanding of the limitations. 

PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 

PO 7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

PO 9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

PO 10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and write 

effective reports and design documentation, make effective presentations, and give and receive 

clear instructions. 

PO 11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member and 

leader in a team, to manage projects and in multidisciplinary environments. 

PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological change. 

 

PROGRAM SPECIFIC OUTCOME(PSO’S) 

 

PSO 1: Design and develop Mechatronics systems to solve the complex engineering problem by 
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integrating electronics, mechanical and control systems. 

PSO 2: Apply the engineering knowledge to conduct investigations of complex engineering 

problem related to instrumentation, control, automation, robotics and provide solutions. 

 

COURSE OUTCOME 

After the completion of the course the student will be able to 

SUBJECT CODE: C405 

COURSE OUTCOMES 

CO 1 Understand the  basic knowledge about micro electro mechanical systems 

CO 2 Acquire knowledge on micro manufacturing techniques 

CO 3 Describe about micro fabrication and special machining 

CO 4 Interpret about mechanical micromachining 

CO 5 Explain about micro sensors and micro actuators 

CO 6 Acquire knowledge on the application of MEMS in various industries 

 

 

CO VS PO’S AND PSO’S MAPPING 

 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 

 

CO Vs PO  

SUBJECT 
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PO1

1 
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2 
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1 

PSO

2 

C0 1 3 - 3 - - - - - - - - 2 2 3 

C0 2 3 - 3 - 3 - - - - - - 2 2 3 

C0 3 3 - 3 - 2 - - - - - - 2 2 3 

C0 4 3 - 3 - 2 - - - - - - 2 2 3 

C0 5 3 - 3 - 2 - - - - - - 2 2 3 

C0 6 3 - 3 - 2 - - - - - - 2 2 3 
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SYLLABUS 
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QUESTION BANK 

 

 

MODULE I 

 

Q:NO: 

 

QUESTIONS 

 

CO 

 

KL 

 

PAGE NO: 

1 Write a short note on MEMS? CO1 K2 15 

2 What are the types of MEMS switch technology? CO1 K3 9 

3 What are the materials used for MEMS 

manufacturing? 

CO1 K2 45 

4 Explain any two MEMS Basic Process? CO1 K3 46 

5 What is etching? What are the different types of 

etching? 

CO1 K2 15 

6 Define Physical deposition? CO1 K2 18 

7 Define Chemical deposition? CO1 K5 43 

8 Write a short note on microsystem packaging? CO1 K2 18 

 

MODULE II 

1 Write a short note about Photolithography? CO2 K2 99 

2 What are the various steps involved in 

Photolithography? 

CO2 K2 61 

3 Write a short note about Plasma-enhanced chemical 

vapor deposition? 

CO2 K2 104 
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4 Write a short note about Write a short note about? CO2 K1 67 

5 What are the steps involved in physical vapor 

deposition? Explain with neat diagram? 

CO2 K1 90 

6 Illustrate ion implantation with neat sketch? CO2 K3 85 

7 Explain wet etching process with suitable diagram? CO2 K2 101 

8 Explain the difference between anisotropic and 

isotropic etching? 

CO2 K2 91 

9 Explain reactive ion etching? CO2 K2 97 

10 What are the advantages and disadvantages of dry 

etching process? 

CO2 K3 74 

 

MODULE III 

1 Illustrate Laser Beam Micro machining with a neat 

sketch? 

CO3 K3 113 

2 What are the major parts of a Laser Beam Micro 

Machining? 

CO3 K3 111 

3 Explain Ultrasonic Machining with neat diagram? CO3 K2 115 

4 Illustrate Electrical Discharge Machining CO3 K3 111 

5 Explain the working of Electrical Discharge 

Machining? 

CO3 K5 111 

6 Write a short note about Ultrasonic Machining? CO3 K3 113 

7  State faraday’s law? CO3 K2 111 

8 Explain Electro Chemical Machining with neat 

sketch? 

CO3 K1 115 

9 Discuss about the applications of Electro Chemical 

Machining? 

CO3 K1 111 

10 Illustrate the working of Electron Beam Machining? CO3 K2 119 
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11 Write a short note about the advantages and 

disadvantages of Electron Beam Machining? 

CO3 K1 131 

12 Illustrate the electron gun construction of an Electron 

Beam Machining apparatus? 

. 

CO3 K2 133 

13 Illustrate the working of Electron Beam Machining? CO3 K1 135 

 

MODULE IV 

1 Write a short note about chip formation? CO4 K2 142 

2 Explain about the various methods used for chip 

control? 

 

CO4 K1 159 

3 Discuss about the various types of chips? CO4 K2 139 

4 Write a short note about micro milling, with neat 

sketch? 

 

CO4 K3 165 

5 illustrate micro turning process with proper 

explanation? 

. 

CO4 K1 155 

6 Write a short note about micro drilling? 

 

CO4 K2 167 

 

MODULE V 

1 Illustrate acoustic wave sensor with proper 

explanation? 

CO5 K2 180 
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2 Evaluate the difference between biosensor and 

biomedical sensor? 

CO5 K2 180 

3 Evaluate the difference between biosensor and 

biomedical sensor? 

CO5 K3 184 

4 Write a short note about the types of chemical sensor? CO5 K2 185 

5 Illustrate the different types of optical sensors? CO5 K3 180 

6 Explain the concept of pressure sensor, with a neat 

sketch? 

CO5 K2 196 

7 Discuss about the various types of micro actuation 

techniques, with neat diagram?  

CO5 K2 181 

8 Write a short note about thermal sensor, with clear 

illustration? 

CO5 K3 196 

9 Illustrate micro grippers with proper explanation? CO5 K3 190 

10 Evaluate the difference between the working of a 

micro valve and a micro pump? 

 

CO5 K2 188 

11 Discuss about the concept of micro motors, with neat 

diagram? 

CO5 K2 184 

 

MODULE VI 

1 Discuss about the various application of MEMs in 

Automobile Industry? 

CO6 K1  

2 Evaluate the different applications of MEMS in 

Healthcare field? 

CO6 K2  

3 Explain the applications of MEMS in Defense 

Industry? 

CO6 K2  

4 Discuss about the applications of MEMS in new 

generation automobiles? 

CO6 K3  
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5 Evaluate the Applications of MEMS in aerospace 

Industry? 

CO6 K2  

6 Write a short note about the importance of MEMS in 

Industrial field? 

CO6 K2  

 

 

 

 

 

APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

S:NO; TOPIC PAGE NO: 

1 ION IMPLANTATION 14 

2 PARAMETERS OF ETCHING  27 
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MODULE I 

MEMS 

 

• MEMS refers to technology that allows mechanical structures to be miniaturized and 

thoroughly integrated with electrical circuitry, resulting in a single physical device that is 

actually more like a system, where ―system‖ indicates that mechanical components and 

electrical components are working together to implement the desired functionality. Thus, 

it’s a micro (i.e., very small) electrical and mechanical system. 

Mechanical to Electrical to (Micro) mechanical 

• Mechanical components and systems are generally considered to be less technologically 

advanced than comparable solutions based primarily on electrical phenomena, but this 

doesn’t mean that the mechanical approach is universally inferior.  

• The mechanical relay, for example, is far older than transistor-based devices that provide 

similar functionality, but mechanical relays are still widely used. 

• Nevertheless, typical mechanical devices will always have the disadvantage of being 

hopelessly bulky in comparison to the electronic components found in integrated circuits.  

• The space constraints of a given application may cause electrical components to be 

favored or required, even when a mechanical implementation would have resulted in a 

simpler or higher-performance design. 

• MEMS technology represents a conceptually straightforward solution to this dilemma: if 

we modify the mechanical devices such that they are not only very small but also fully 

compatible with integrated-circuit manufacturing processes, we can, to a certain extent, 

have the ―best of both worlds.‖ 

 

 

** WRITTEN NOTES ON THE END OF THIS DOCUMENT 
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MODULE 2 

 

PHOTOLITHOGRAPHY 

 Photolithography, also termed optical lithography or UV lithography, is a process used in 

microfabrication to pattern parts of a thin film or the bulk of a substrate. 

 Using optical image and a photosensitive film to produce patterns in a subtract 

 

 

Substrate 

•Silicon dioxide (sio2) 

 

Photolithography used in …..... 

•  Bulk micro manufacturing 

• Surface micro manufacturing 

•  IC manufacturing 

• Sensors and actuators 
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Spin Coating 

• A viscous, liquid solution of photoresist is dispensed onto the wafer, and the wafer is 

spun rapidly to produce a uniformly thick layer. 

• The spin coating typically runs at 1200 to 4800 rpm for 30 to 60 seconds, and produces a 

layer between 0.5 and 2.5 micro meters thick. 

Soft baking 

• The photo resist-coated wafer is then prebaked to drive off excess photoresist   solvent, 

typically at 90 to 100 C for 30 to 60 seconds on a hotplate. 

Exposure to UV Light 

• After prebaking, the photoresist is exposed to a pattern of intense light. 

• The exposure to light causes a chemical change that allows some of the photoresist to be 

removed by a special solution 

•  
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Positive photoresist 

• the most common type, becomes soluble in the developer when exposed 

Negative Photoresist 

• Unexposed regions are soluble in the developer. 

Post-Exposure Bake 

• Post-exposure bake is performed before developing, typically to help reduce standing 

wave phenomena caused by the destructive and constructive interference patterns of the 

incident light 

Development 

• The develop chemistry is delivered on a spinner, much like photoresist. Developers 

originally often contained sodium hydroxide. 

Hard-baking in development 

• The resulting wafer is then hard-baked ―if a non-chemically amplified resist was used, 

typically at 120 to 180 C for 20 to 30 minutes.  

• The hard bake solidifies the remaining photoresist, to make a more durable protecting 

layer in future ion implantation, wet chemical etching, or plasma etching. 

Etching 

• a liquid or plasma ("dry") chemical agent removes the uppermost layer of the substrate in 

the areas that aren't protected by photoresist 

Stripping 

•After a photoresist is no longer needed, it must be removed from the substrate. 

• This usually requires a liquid "resist stripper", which chemically alters the resist so that it 

no longer adheres to the substrate. 

• Alternatively, photoresist may be removed by a plasma containing oxygen, which 

oxidizes it. This process is called ashing, and resembles dry etching. 

•  

Class 10 clean room 

• Based on air quality 

• Number of dust particle of 5nm in a cubic foot is less than 10 

 

Light source  

• Mercury vapor lamb 

• Wavelength spectrum from 310 t0 440 nm 

• For high resolution x ray are used. 
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ION IMPLANTATION 

 

• Ion implantation is a low-temperature process by which ions of one element are 

accelerated into a solid target, thereby changing the physical, chemical, or electrical 

properties of the target.  

• Ion implantation is used in semiconductor device fabrication and in metal finishing, as 

well as in materials science research. 

• Acceleration and kinetic energy is very important. 
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Applications 

• Used mainly in semiconductor based industry 

• Application in surface treatment process 

 

Biomedical application 

• Metal parts of heart valves are ion implanted by using carbon to make them bio –

compactable 

• Radio isotopes are implanted in artificial body parts for radio therapy 
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MODULE 2 

CHEMICAL VAPOUR DEPOSITION 

• Chemical Vapour Deposition (CVD) is a chemical process used to produce high purity, 

high performance solid materials. 

• In a typical CVD process, the substrate is exposed to one or more volatile precursors 

which react and decompose on the substrate surface to produce the desired deposit. 

• During this process, volatile by-products are also produced, which are removed by gas 

flow through the reaction chamber. 
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• CVD’s are classified into two types on the basis of Operating Pressure. 

1) Atmospheric Pressure CVD  

2.) Low Pressure CVD  

• Plasma Enhanced CVD  

•  Photochemical Vapour Deposition — 

• Thermal CVD 

Atmospheric Pressure CVD 

 CASE 1 : HIGH TEMPERATURE 

•  This process is used to deposit Silicon and compound films or hard metallurgical 

coatings like Titanium Carbide and Titanium Nitride.  

• CASE 2 : LOW TEMPERATURE  

 

• Many insulating film layers such as Silicon dioxide need to be deposited at low 

temperatures for effective deposition 
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• Aluminum oxide films are deposited by this method from aluminium trichloride, argon 

and oxygen gas mixtures at temperatures ranging from 800-1000 degree Celsius  

• The films have low chlorine content, which continue to decrease with increasing 

temperature. 

 

Limitation of APCVD 

 

• Film thickness uniformity cannot be maintained.  

• Large number of pinhole defects can occur.  

• Wafer (Substrate) throughput is low due to low deposition rate.  

• The deposits get contaminated very easily since it takes place at atmospheric pressure.  

• Maintaining stoichiometry is extremely difficult. 

Low Pressure CVD 

• The deposition of Silicon carbide thin film is performed using low pressure CVD of 

Dichlorosilane / Acetylene / Hydrogen reaction system.  

• The Silicon carbide film deposited at three different temperatures has three different 

properties. 

• 1023 K------- AMORPHOUS  

• 1073 K -------MICROCRYSTALLINE  

• 1173 K-------- PREFERENTIALLY ORIENTED 

Advantage and Disadavtages of LPCVD 

• This technique permits either horizontal or vertical loading of the wafers into the furnace 

and accommodates a large number of wafers for processing.  

• The process results in the deposition of compounds with excellent purity and uniformity. 

• However the technique requires higher temperatures and the deposition rate is low. 

Plasma-enhanced chemical vapor deposition (PECVD) 

• Plasma-enhanced chemical vapor deposition (PECVD) is a process used to deposit thin 

films from a gas state (vapor) to a solid state on a substrate.  

•  Chemical reactions are involved in the process, which occur after creation of a plasma of 

the reacting gases.  
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• The plasma is generally created by RF (AC) frequency or DC discharge between two 

electrodes, the space between which is filled with the reacting gases.  

• The helping hand of the Plasma helps in increasing the film quality at low temperature 

and pressure. 

• PECVD uses electrical energy which is transferred to the gas mixture.  

• This transforms the gas mixture into reactive radicals, ions, neutral atoms and molecules, 

and other highly excited species.  

• These atomic and molecular fragments interact with a substrate and, depending on the 

nature of these interactions, either etching or deposition processes occur at the substrate. 

— 

Some of the desirable properties of PECVD films are good adhesion, low pinhole density and 

uniformity 

Photochemical vapour deposition 

• Aluminium thin films are deposited via photochemical vapour deposition on catalytic 

layers of Ti, TiO2 , and Pd, using dimethyl aluminum hydride.  

• Deposition is carried out at low gas pressures to induce a surface reaction based on 

adsorption and subsequent decomposition of adsorbates.  

•  Of these three layers Ti is so effective as a catalyst that the Al films are thermally 

deposited even at a low substrate temperature of 60°C with a growth rate of 0.5 nm/min. 

• The UV light generated by a deuterium lamp helped increase the growth rates. On the 

other hand, Al could be deposited on TiO2 layers only under irradiation at a substrate 

temperature of 120°C It takes several minutes to cover the TiO2 surface with Al and 

initiate the Al film's growth.  

• Here, the UV light inhibited the Al growth on the surface, whereas the films are 

deposited thermally. 

     Thermal CVD 

• In thermal CVD process, temperatures as high as 2000 degree Celsius is needed to 

deposit the compounds.  

• There are two basic types of reactors for thermal CVD.  

1. Hot wall reactor  
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2. Cold wall reactor 

•  A hot wall reactor is an isothermal surface into which the substrates are placed. Since the 

whole chamber is heated, precise temperature control can be achieved by designing the 

furnace accordingly.  

• A disadvantage of the hot wall configuration is that deposition occurs on the walls of the 

chamber as well as on the substrate.  

•  As a consequence, hot wall reactors must be frequently cleaned in order to reduce 

contamination of substrates.  

• In a cold wall reactor, only the substrate is heated.  

• The deposition takes place on the area of the highest temperature, since CVD reactions 

are generally endothermic. 

• The deposition is only on the substrate in cold wall reactors, and therefore contamination 

of particles is reduced considerably. 

•  However, hot wall reactors have higher throughput since the designs can easily 

accommodate multiple wafer (substrate) configurations. 

Advantages of CVD 

• Variable shaped surfaces, given reasonable access to the coating powders or gases, such 

as screw threads, blind holes or channels or recesses, can be coated evenly without build-

up on edges.  

•  Versatile –any element or compound can be deposited.  

• High Purity can be obtained.  

• High Density – nearly 100% of theoretical value.  

• Material Formation well below the melting point 

• Economical in production, since many parts can be coated at the same time.  

Applications of CVD 

• CVD has applications across a wide range of industries such as:   

• Coatings – Coatings for a variety of applications such as wear resistance, corrosion 

resistance, high temperature protection, erosion protection and combinations thereof.  
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• Semiconductors and related devices – Integrated circuits, sensors and optoelectronic 

devices 

PHYSICAL VAPOUR DEPOSITION 

• Physical Vapour Deposition (PVD) is fundamentally a vaporization coating technique, 

involving transfer of material on an atomic level. 

•  It is an alternative process to electroplating Ø 

• The process is similar to chemical vapour deposition (CVD) except that the raw 

materials/precursors 

•  i.e. the material that is going to be deposited starts out in solid form, whereas in CVD, 

the precursors are introduced to the reaction chamber in the gaseous state. 

• Working Concept PVD processes are carried out under vacuum conditions.  

The process involved four steps:  

• 1.Evaporation  

• 2.Transportation 

•  3.Reaction  

• 4.Deposition 

PHYSICAL VAPOUR DEPOSITION 
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Types of PVD 

• Evaporative deposition  

• Sputter deposition 

• Ion induced deposition  

• Cathode Arc Deposition 

 

EVAPORATIVE DEPOSITION 

• Resistive heating method is used.  

• deposition is performed at high temperature & low vacuum  

• Vacuum decreases the content of Contamination  

• Voltage & current is manually controlled.  

• Material is kept in boats. 
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SPUTTER DEPOSITION 

• Sputtering works on the bases of momentum principle, formed by the collision of the 

atoms and molecules. 

• Plasma glow, ion accelerator or radioactive emitting is used to evaporate material.  

• argon gas is used for inert atmosphere.  

Types of sputtering  

• Chemical and etching sputtering  

•  Electronic sputtering  

• Potential sputtering  
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ETCHING PROCESS 

• Etching is the one of the most important process in microfabrication 

• It involves the removal of material in desired area by physical or chemical means 

• Definition: Etching is traditionally the process of using strong acid or mordant to cut into 

the unprotected parts of a metal surface to create a design in the metal 

A mordant or dye fixative is a substance used to set dyes on fabrics by forming a coordination 

complex with the dye, which then attaches to the fabric (or tissue). 

 

 

• In order to form a functional MEMS structure on a substrate, it is necessary to etch the 

thin films previously deposited and/or the substrate itself. In general, there are two 

classes of etching processes: 

1) Chemical etching (Wet etching) where the material is dissolved when immersed in a chemical 
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solution. 

2) Physical Etching (Dry etching) where the material is sputtered or dissolved using reactive ions 

or a vapor phase etchant. 
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Chemical Etching (Wet Etching) 

• This is the simplest etching technology. All it requires is a container with a liquid 

solution that will dissolve the material in question. 

• Liquid solution contains mixture of oxidizing agent and reducing agent whereby etching 

reactions involve oxidation-reduction mechanisms. 

• Oxidizing agent will oxidize the wafer material and the reducing agent will dissolve the 

oxide product. 

• Rate of etching depends in : 

• Substrate material to be etched. 

• Concentration of the chemical reactants in the solution. 

• Temperature of the solution. 

Three major process stages: 

 The diffusion of the reacting ions or molecules from etchant solution towards the exposed 

film on the wafer surface through the boundary layer. 

 The formation of a soluble or/and gaseous by-products through the chemical reaction 

between the etchant and the exposed film.  
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 The diffusion of the reaction by-product from the surface of the wafer through boundary 

layer into the bulk of the etchant solution. 

 

 

Advantage of a wet etch process 

 Damage-free finish to wafer surface where surface morphology is typically smooth and 

shiny  

 fast etch rate especially for blanket etch  

 simple and direct etching process since simple resist can be used as etch mask  

 process occur at atmospheric environment 

 cheaper cost  

 high etch selectivity easily available for etchants, resist and etched materials  

 Good etch uniformity across wafer. 

Disadvantages: 

 isotropic etching  

• No control for precision etching  

• Excessive particle contamination is possible 

• Bubbles can grow during etching that act as localized mask 

 Wet etching works very well for etching thin films on substrates, and can also be used to 

etch the substrate itself.  

 The problem with substrate etching is that isotropic processes will cause undercutting of 

the mask layer by the same distance as the etch depth. 

• Isotropic etching 

• Same etch rate in different direction in a  material 
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• Anisotropic etching  

• in contrast to isotropic etching means different etch rates in different directions in the 

material. 

• The result is a pyramid shaped hole instead of a hole with rounded sidewalls with a 

isotropic etchant 

 

Plasma Etching (Dry Etching) 

Dry Etching : Material removal reactions occur in the gas phase  

Types of Dry Etching: Non-plasma/Plasma based 

1) Reactive ion etching (RIE)  

2) Sputter etching  

3) vapor phase etching 

Reactive ion etching (RIE) 

• In RIE, the substrate is placed inside a reactor in which several gases are introduced.  

• A plasma is struck in the gas mixture using an RF power source, breaking the gas 

molecules into ions.  

• The ions are accelerated towards, and reacts at, the surface of the material being etched, 

forming another gaseous material.  

• This is known as the chemical part of reactive ion etching.  

• There is also a physical part which is similar in nature to the sputtering deposition 
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process. 

•  If the ions have high enough energy, they can knock atoms out of the material to be 

etched without a chemical reaction.  

• It is a very complex task to develop dry etch processes that balance chemical and 

physical etching, since there are many parameters to adjust 

 

Dry Etching Advantages 

• Eliminates handling of dangerous acids and solvents 

• Uses small amounts of chemicals  

• Isotropic or anisotropic etch profiles  

•  Directional etching without using the crystal orientation of Si  

• High resolution and cleanliness  

•  Less undercutting  

• No unintentional prolongation of etching 

• Better process control  

•  Ease of automation 

Dry Etching Advantages 

• Some gases are quite toxic and corrosive 

• Re-deposition of no volatile compounds  

• Need for specialized expensive equipment 
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Module 3 

Micro-Fabrication Special Machining 

• Several conventional, non-IC-related technologies that do not use photolithography are 

also capable of forming features of relatively small dimensions. 

• These include mechanical machining, ultrasonic machining, electro discharge machining, 

and laser machining. 

• In some applications, such as ink-jet printer nozzles and automobile fuel-injection 

nozzles, photolithographic fabrication methods have been used, but proved less 

economical than the more established methods.  

 

Laser Machining 

 

• Laser micromachining: cutting, drilling, welding, or other modification in order to 

achieve small features. 

• Micro machining implies that parts are made to the size of 1 to 999 µm. However Micro 

also means very small in the fields of machining, manufacture of small parts are not easy. 

• Lasers have been in use in various industrial sectors such as the automotive and 

aerospace industries for many years performing cutting, welding and materials processing 

tasks. 

• Focused pulses of radiation, typically 0.1–100 ns in duration, from a high-power laser can 

ablate material (explosively remove it as fine particles and vapor) from a substrate. 

• Incorporating such a laser in a CNC system enables precision laser machining. Metals, 

ceramics, silicon, and plastics can be laser machined. 

• Holes as small as tens of microns in diameter, with aspect ratios greater than 10:1, can be 

produced. 

• Laser machining is most often a serial process, but with mask-projection techniques, it 

becomes a parallel process. 

• it has successfully competed with KOH etching and with electroplating in the production 

of ink-jet nozzles. 

•  Due to its speed, low cost, and rapid turn-around time, laser machining is one of the 

preferred methods of creating trenches and cuts in plastics. 
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• A laser machine consists of the laser, mirrors for beam guidance, a focusing optic and a 

positioning system.  

• The laser beam is focused onto the work piece and can be moved relative to it.  

• The laser machining process is controlled by switching the laser on and off, changing the 

laser pulse energy and other laser parameters and by positioning either the work piece or 

the laser focus. 

• Laser is emitted from the source is passed through the energy attenuator. After it is 

passed through the beam homogenizer to homogenize the beam.  

• The target illuminator and machine vision controls the beam to the focusing lens. The 

lens is moved by precision motion stages. The beam is then falls on the work piece and 

the machining takes place. 
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Applications 

 

• For drilling micro holes, laser beam drilling technique is used.  

 
• Laser Micro machining technique finds application in the manufacture of micro channels 

and micro holes in integrated chips and microchips 
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Advantages 

• Easy capability of being automated •Straightforward process monitoring  

• Forceless and contactless machining  

• Minor heat-affected zone  

• Marginal modifications to the microstructure •Machining free of burr and bulging  

• High flexibility regarding design of tiny structures 

• High machining speed  

• High precision  

• Constant machining quality  

• No additional tooling costs by wear 

• No solvent chemicals used 

• Material removal rate controllable down to the nanometer scale 

Disadvantages 

• The equipment required for micro machining is very costly than other cutting processes. 

• Need highly skilled persons to operate micro machining systems. 

• Material limitations (including crystalline and reflective materials)  

• Reflected laser light can present a safety hazard 

 

Electrical Discharge Machining 

• Electro discharge machining, also called electrical-discharge machining or spark erosion 

machining (EDM) uses a series of electrical discharges (sparks) to erode material from a 
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conductive work piece. 

• High-voltage pulses, repeated at 50 kHz to 500 kHz, are applied to a conductive 

electrode, typically made of graphite, brass, copper, or tungsten.  

• Electrodes as small as 40 µm in diameter have been used, limiting features to about the 

same size.  

• Each discharge removes a small volume of material, typically in the range of 103 to 105 

µm3, from the work piece. 

• EDM is performed in a dielectric liquid such as mineral oil. Due to heating, a gas bubble 

is formed during each voltage pulse.  

• After the pulse, the bubble collapses, flushing away debris from the blank and electrode. 

Figure of Electrical Discharge Machining [EDM] 

 

Working principle of EDM 

• The EDM system consider tool as negative terminal (Cathode) and w/p as positive 

terminal (Anode) are connected to DC power supply to create a potential difference 

between the w/p and the tool. 

• The tool and w/p are separated by gap, is called spark gap. This gap is filled by dielectric 

fluid. 

• This process increase the concentration of electrons and ions in dielectric medium 

between the tool and the w/p at the spark gap. 
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• The electrical energy dissipated at the thermal energy of the spark. When the electrons 

and the ions reach the anode and cathode, they give up their kinetic energy in the form of 

heat. 

• With a very short duration spark (2 to 2000 microsecond), The temperature of the 

electrodes can be raised more than their normal boiling point, about 10,000 C. 

• A servo controlled electrode feeding mechanism is used to control gap between electrode 

and w/p. The spark gap used in EDM is about 0.0125 to 0.125 mm. 

• There are two types of servo controlled system as electrical servo control and hydraulic 

servo system. 

Electrodes: 

• It should have good electrical conductivity and thermal conductivity.  

• It should be easy to fabricate in any required shape.  

• It should have high melting point. 

• It should have low erosion rate. 

Characteristics of Dielectric Fluid: 

• The function of dielectric Fluid is to act as a flushing medium for the removal of the 

chips and to provide a cooling medium.  

• It should have good cooling ability and low viscosity of dielectric produces smooth 

surfaces.  

• It should be chemically neutral otherwise it reacts with electrode, w/p and container.  

• It should not produce any toxic vapors during the process. 

Applications of EDM :- 

• EDM can be used make parts with complex, Precise and irregular shapes for forging, 

press tools, extrusion dies, cutting tool dies and mould. 

• EDM for create accurate dimension holes, deep small diameter holes, narrow slots in 

turbine blades, difficult to internal shape.  

• EDM can also used in aerospace and medical application. 

• Advantages of EDM 

• EDM Drilling to create very small holes.  

• EDM Milling to machine complex shape with simple cylindrical electrodes. 

• EDM process has ability to machine hard, difficult to machine materials.  

• Thin and brittle components can be machined without distortion because there is no 

direct contact between the tool and w/p.  
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• No burrs are left in machined surface. 

 

Limitations of EDM 

 

• This process can only be employed in electrically conductive materials.  

• Material removal rate is low and the process overall is slow compared to conventional 

machining process. Energy required for the operation is more than that of 

conventional machining.  

• Rough surface finish when at high rates of material removal. 

• Finishing cuts are needed at low MRR.  

• Profile machining is complex contours is not possible at required tolerance.  

• Produces slightly tapered holes, especially if blind 

 

Ultrasonic Machining 

• Also Known as Ultrasonic Impact Grinding. 

• Vibrating tool at ultrasonic frequency. 

• Use of abrasive slurry.  

• Very little heat generated 

• In ultrasonic machining, also known as ultrasonic impact grinding, a transducer 

vibrates a tool at high frequency (20–100 kHz). 

• The tip of the tool is pushed against the work piece as a slurry of water or oil and 

abrasive particles, such as boron carbide, aluminum oxide, or silicon carbide, is 

flushed across the surface.  

• There are several mechanisms for removal of material: The tool vibration directly 

hammers particles into the surface, as well as imparting a high velocity to other 

particles, both of which chip away at the work piece. 

• Cavitation erosion and chemical action can also contribute. The microscopic chips are 

carried away by the slurry.  

• As the tool moves slowly into the work piece, a hole with vertical sidewalls is 

created. An array of tips can drill many holes at the same time. 

• Ultrasonic machining can be performed on hard, brittle materials such as glasses, 

ceramics, diamond, and silicon.  

• The minimum hole diameter is about 150 µm. At the other extreme, holes over 100 

mm have been machined. 
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Ultrasonic Machine Parts 

 

 

 

. 
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Advantages 

• It can be used machine hard, brittle, fragile and nonconductive material.  

• No heat is generated in work, therefore no significant changes in physical structure of 

work material. 

• Non-metal (because of the poor electrical conductivity) that cannot be machined by 

EDM and ECM can very well be machined by USM. 

• It is burr less and distortion less processes.  

• It can be adopted in conjunction with other new technologies like EDM, ECG,ECM. 

Disadvantages 

• Low Metal removal rate.  

• It is difficult to drill deep holes, as slurry movement is restricted 

• Tool wear rate is high due to abrasive particles. Tools made from brass, tungsten 

carbide, MS or tool steel will wear from the action of abrasive grit with a ratio that 

ranges from 1:1 to 200:1. 

• USM can be used only when the hardness of work is more than 45 HRC. 

Applications 

• Machining of cavities in electrically nonconductive ceramics.   

• Used to machine fragile components in which otherwise the scrap rate is high.  

• Used for multistep processing for fabricating silicon nitride (Si3N4) turbine blades. 

• Used for machining hard, brittle metallic alloys, semiconductors, glass, ceramics, 

carbides etc.  

• Used for machining round, square, irregular shaped holes and surface impressions. 

• Used in machining of dies for wire drawing, punching and blanking operations. 

• USM has been used for piercing of dies and for parting off and blanking operations.  

• USM enables a dentist to drill a hole of any shape on teeth without any pain.  

• Ferrites and steel parts , precision mineral stones can be machined using USM 

• USM can be used to cut industrial diamonds  

• USM is used for grinding Quartz, Glass, ceramics  

• Cutting holes with curved or spiral center lines and cutting threads in glass and 

mineral or metallic-ceramics 

Electro Chemical Machining 

• Electrochemical Machining (ECM) is one of the newest and most useful non-

traditional machining (NTM) process belonging to Electrochemical category.  

• Electrochemical machining (ECM) is used to remove metal and alloys which are 

difficult or impossible to machine by mechanical machining process. 
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• The reverse of electroplating. 

• This machining process is based Michael Faraday’s classical laws of electrolysis, 

requiring basically two electrodes, an electrolyte, a gap and a source of D.C power of 

sufficient capacity. 

• The working of ECM is based on Faraday’s law of electrolysis. 

FARADAY’S LAW STATE THAT –  

• the amount of chemical change produced by current at an electrode-electrolyte boundary 

is proportional to the quantity of electricity used 

• The amounts of chemical changes produced by the same quantity of electricity in 

different substances are proportional to their equivalent weights. 

• In this machining process , tool is connected with the negative terminal of battery (work 

as cathodes)and work piece is connected with the positive terminal of battery (work as 

Anode) .  

• They both are placed in a electrolyte solution with a small distance. When the DC current 

supplied to the electrode, metal removed from work piece .This is basic fundamental of 

electro chemical machining. 

• Electrolyte: A Substance that dissociates into the ions in solution and acquires the 

capacity to a conduct electron. 

FUNCTION OF ELECROLYTE 

• The current flow between the tool and w/p through electrolyte.  

• The heat produced is dissipated by liquid electrolytic solution.  

• The product of machining is removed by solution. 

 

• Electro chemical machining works inverse as electroplating process. 
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•  Metal is removed from Anode into electrolyte and slage form by reacting opposite ions 

available in electrolyte. This process works as follow. 

• In ECM, the electrolyte is so chosen that there is no plating on tool and shape of tool 

remain unchanged. 

• Generally Nacl into water takes as electrolyte. 

• The tool is connected to negative terminal of battery and w/p is connected to positive 

terminal of battery. 

• When the current passes through electrode, reaction occur at Anode or work piece and at 

the cathode or tool . 

•   Due to potential difference ionic dissociation take place in electrolyte.  

• When the potential difference applied between the work piece and tool, positive ions 

move towards the tool and negative ions move towards the work piece. 

• Thus the positive ion moves towards tool .As the positive reaches to the tool, it take some 

electron from it and convert into gas form .This gas goes into environment.  

• The negative ions moves toward the work piece (Anode). This electrons removes 

material from the work piece and removed materials flowing through electrolyte and goes 

to the container. 

• This machining process gives higher surface finishing because machining is done by 

atom. 

 

APPLICATION 

• ECM is used to machining disc or turbine rotor blades.. 

• The most common of application ECM is high accuracy finishing.  
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• It can be used for slotting very thin walled collets. 

MERITS 

• It can be machine very complicated surface. 

• It can machined harder metal than the tool. 

• Better surface finish. 

• A single tool can be used to machining large number of work piece or no tool wear occur 

DEMERITS 

• High initial cost of machine. 

• Design and tooling system is complex. 

• High energy consumption. 

• Non conducting material cannot be machined. 

• Blind hole cannot be machined by ECM. 

Electron Beam Machining 
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BASIC PRINCIPLE 

• This machining process works on basic principle of conversion of kinetic energy of 

electron into heat energy.  

• When a high speed electron impinges on a work piece, they convert its kinetic energy 

into heat energy.  

• This heat energy used to vaporize material at contact surface.  

• This process is carried out in vacuum otherwise the electron will collide with air 

particle and loses its energy before impinging on work material.  

EQUIPMENTS 

Electron Gun: 

• It is called heart of electron beam machining. It is used to generate electron.  

• It is simply a cathode ray tube which generates electron, accelerate them to sufficient 

velocity and focus them at small spot size.  

• In this gun cathode is made by tungsten or tantalum.  

• This cathode filament heated up to 2500 degree centigrade vacuum in the chamber. 

Annular bias grid 

• It is next element of EBM. It is just after the electron gun. 

• It is an anode which is connected by the negative bias so the electron generated by the 

cathode do not diverge from its path and approach to the next element.  

• When the electrons leave this section, the velocity of electron is almost half the 

velocity of light. 

Magnetic Lenses 

• After the anode, magnetic lenses are provided which shape the beam and does not 

allow to diverge electron or reduce the divergence of beam.  

• After the anode, magnetic lenses are provided which shape the beam and does not 

allow to diverge electron or reduce the divergence of beam.  

Electromagnetic lens and deflection coil: 

• Electromagnetic lens is used to focus the electron beam at a spot. 

• They use to focus beam at a spot on work piece so a high intense beam reaches at 

work surface, which produces more heat and improve machining.  

• The defecting coil does not allow to beam deflect and take care of all electrons 

moves in series thus form a high intense beam. 
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Work piece and work holding device:  

• It can machine both metallic and non-metallic material.  

• The work piece is hold by suitable fixture which is mounted on a CNC table. 

• This table can be move in all three direction which control the shape of machining. 

WORKING 

• First electron gun produces high velocity electron particles. These electron particles move 

towards anode which is placed after cathode tube.  

• Now this high intense electron beam passes through magnetic lenses. There are a series 

of lenses which take care of only convergent electron passes through it. It absorb all 

divergent electron and low energy electron. It provides a high quality electron beam. 

• This electron beam now passes through electromagnetic lens and deflecting coil. It focus 

the electron beam at a spot.  

• The high intense electron beam impinges on the work piece where kinetic energy of 

electrons convert into thermal energy.  

• The material is removed from contact surface by melting and vaporization due to this 

high heat generated by conversion of kinetic energy into thermal energy. This whole 

process take place in a vacuum chamber otherwise these electron collide with air particle 

between path and loses its kinetic energy. 

APPLICATION: 

• It is used to produce very small size hole about 100 micro meters to 2 millimeter. 

•  It is used to produce holes in diesel injection nozzle.  

• Used in aerospace industries for producing turbine blade for supersonic engines and in 

nuclear reactors 

ADVANTAGES AND DISADVANTAGES 

Advantages:  

• It can be used for produce very small size hole in any shape.  

• It can machining any material irrespective its hardness and other mechanical 

properties. 

• It provides good surface finish. No any surface finishing process is require after 

EBM. 

• Highly reacting material can be machine easily because machining is done under 
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vacuum. 

Disadvantages:  

• High capital cost.  

• High skill operator required.  

• Regular maintenance is required  

• Material removal rate is very low compare to other conventional process.  

• It is difficult to produce perfect vacuum 

ELECTRON GUN CONSTRUCTION 

• Electron gun is defined as the source of focused and accelerated electron beam.  

• It is a device used in Cathode Ray Tube for displaying the image on the phosphorous 

screen of CRT.  

• The electron gun emits electrons and forms them into a beam by the help of a heater, 

cathode, grid, pre accelerating, accelerating and focusing anode. 

 

CONSTRUCTION 

Heater 

• The heater converts the electric energy in the form of heat.  

• It has a resistor which obstructs the flow of current and converts it into the thermal 

energy.  
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• The heater heats the cathode electrodes and emits the electrons.  

Control Grid  

• The control grid is a nickel cylinder. It is the metallic cup which has lower 

permeability steel. 

• It is about 15 mm long and having the diameter of 15 mm. The hole of about 0.25 mm 

is drilled in the cap of the grid for the flow of the electron.  

• The intensity of electron beam passing through the grid depends upon the emission of 

electrons.  

• The control grid is negative biasing due to which it controls the flow of electrons.  

Pre-Accelerating & Accelerating Anode 

• The pre-accelerating and accelerating anode accelerated the beams passing through 

the gun.  

• These anodes are connected to the high potential for accelerating the electrons. 

Focusing Anode  

• After passing through the pre-accelerating and accelerating electrodes, the electrons 

are passing through the focusing anode. 

• The focusing anode produces the beams of sharply focus electrons.  

• The electrons gun are placed inside the glass tube so that the electron beam did not 

interact with the air molecules. 
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MODULE 4  

Theory Of micromachining 

• Micromachining is the basic technology for fabrication of micro-components of size in the 

range of 1 to 500 µm. 

• Their need arises from miniaturization of various devices in science and engineering, calling 

for ultra-precision manufacturing and micro-fabrication. 

• Removal of material in the form of chips having the size in the range of microns.  

• Creating micro features or surface characteristics (especially surface finish) in the micro/ 

Nano level. 

 

WHY MICRO MACHINING? 

• Final finishing operations in manufacturing of precise parts are always of concern owing to 

their most critical, labor intensive and least controllable nature.  

• In the era of nanotechnology, deterministic high precision finishing methods are of utmost 

importance and are the need of present manufacturing scenario.  

• The need for high precision in manufacturing was felt by manufacturers worldwide to 

improve interchangeability of components, improve quality control and longer wear/fatigue 

life. 

• Present day High-tech Industries, Design requirements are stringent. 

• Extraordinary Properties of Materials (High Strength, High heat Resistant, High hardness, 

Corrosion resistant etc.)  
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• Complex 3D Components (Turbine Blades)  

• Miniature Features (filters for food processing and textile industries having few tens of 

microns as hole diameter and thousands in number)  

• Nano level surface finish on Complex geometries (thousands of turbulated cooling holes in 

a turbine blade) 

•  Making and finishing of micro fluidic channels (in electrically conducting & non 

conducting materials, say glass, quartz, &ceramics) 

DIFFERENT MICROMACHINING TECHNIQUES 

• Photolithography  

• Etching 

• Silicon Micromachining 

• LIGA  

• Mechanical Micromachining 

CHIP FORMATION 

• Chip formation is part of the process of cutting materials by mechanical means, using tools 

such as saws, lathes and milling cutters. 

• An understanding of the theory and engineering of this formation is an important part of the 

development of such machines and their cutting tools. 

• For all types of machining, including grinding, planing, turning, or milling, the 

phenomenon of chip formation is similar at the point where the tool meets the workpiece to 

remove the material as chip to reach the desired shape. 
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CHIP CONTROL 

• During machining high tensile strength materials chips has to be properly controlled. 

• Carbide tip tools will be used for high speeds which leads to high temperature and 

produce continuous chips with blue color. 

• There are two ways are employed to overcome all the previous drawbacks. 

1) Proper selection of cutting conditions. 

2) Chip breaker 

Proper selection of cutting conditions 

• Since the cutting speed influences to the great extend the productivity of machining and 

surface finish, working at low speeds may not be desirable.  

• If the cutting speed is to be kept high, changing the feed and depth of cut is a reasonable 

solution for chip control. 

• External type, an inclined obstruction clamped to the tool face. 

• Integral type, a groove ground into the tool face or bulges formed onto the tool face 
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Conclusion 

Discontinuous chips in ductile material give poor surface finish and slow machine. It is 

suitable form of chips of machining brittle material.  

• Continuous chips are the most preferable type of chip due to following benefits:  

o It gives high surface finish of machining ductile material.  

o Due to low friction, friction loss minimize.  

o Due to low friction, tool life is high 

o Power consumption is low. 

 

Micro Machining 

• Removal of material at micron level.  

• Macro/Micro or Nano components but material removal is at micro/nano level. (Ex. 

MEMS, NEMS).  

 

Types of Micromachining Process 

• There are two basic groups of micromachining process: mask based and tool based 

micromachining.  

• The mask based technology has the limitations of fabricating 3D structures as it is 

applied only to two dimensional shapes. 

• Processes using tools, especially those using solid tools, can specify the outlines of 

various 3D shapes owing to the clear border at the tool surface and the easily defined 

tool path. 
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Classification 
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Micro Turning 

• Micro turning is one of micromachining process which uses a solid tool and its material 

removal process to micron level in a turning operation. 

• Used to create micro cylindrical or rotational symmetry parts by cutting away unwanted 

material. 

• Requires a turning machine, work piece, fixture, and cutting tool. 

• Bridges the gap between MEMS manufacturing and the capabilities of conventional 

machining. 

• Material removal process is similar to conventional turning. 

• Weather its Macro/Micro turning.! 

• Range not exactly differentiated but mostly referred as: 0.5μm-999μm, Some reseachers 

suggest:  

• 500μm-999μm J. Mc Geough,  

• 0.5μm-499 μm Alberto Herrero 

 

DRAWBACKS 

• Turning micro parts can be difficult work. 

• Secondary operations are often required for medical and aerospace parts. 

• In addition to turning, this raises concerns about how to hold, mill, cross-drill, deburr 

and inspect the parts.  

• Even finding the parts in the chip tray after cut off can be a challenge. 
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Micro Milling 

  

 

• Complex 3-D mold cavities, chemical micro-reactors, fluidic parts, flow passages for 

micro compact heat exchangers, Lithography method complement. 
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• Micro-column arrays can be produced.  

• Single crystal diamond – CER of 50nm- non ferrous – Brass, Al, Cu, electro less 

nickel. 

• Tungsten Carbide tools – small CER – Rz 

• This method allows us to produce V-shaped grooves with high shape accuracy 

without burrs and surface roughness of 48 nm (Rz). 

Micro mills and tooling systems 

• Diamond tools – limited to non-ferrous 

• Tungsten Carbide tool – grain size smaller than 600 nm. 

 

  

 

Machine Tools for Micro milling 

• High speed machining  

• 40,000 to 50,000 rpm – CAM programming. 

• Stable Spindle – minimize vibration and thermal expansion.- small vibrations are 

amplified relative to tool diameter as it is reduced.  

• CNC automated milling center – Ultra compact CNC mill.  

• Direct change type spindle.  

• Smart Machines – CNC operated. 
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Micro-drilling 

• Micro-drilling is regarded as useful process technology to make tiny holes and widely 

used at electronic, semiconductor, medical, fuel injection, watch, spinneret, dies 

related industry fields. 

• It became a common understanding that it is necessary for machining tiny holes 

smaller than 100 µm in diameter to apply the laser systems . 

• However, it is also true that laser systems have several disadvantages compared to 

conventional mechanical drilling. 

• And the mechanical system could be competitive against the laser system, if they can 

have micro drilling capabilities. 

 

 
• Thus, many manufacturers have been making efforts to retry the traditional mechanical 

precision drilling machine for machining tiny holes with high productivity. 

• Recently, creative precision has complete micro hole drilling capabilities for holes down 

to 30 µm in diameter 
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• But conventional micro-drilling has also several problems such as excessive forces, tool 

breakage, chatter, burr formation in metals. 

PRECISION GRINDING 

• Precision grinding ranks in between diamond turning and polishing in many respects.  

• In this, a set of machine tool motions is controlled. Compared to diamond turning. 

The position of the cutting edge of the tool is less certain.  

• Grinding wheels tend to be compliant and can get worn off which makes it more 

difficult to achieve the desired form accuracy compared with diamond turning. 

• Besides these disadvantages there are some notable advantages of precision grinding 

over diamond turning. 

 
• For small wheels and depth of cut, it can be used to work on brittle materials such as 

ceramics and glass in a ductile fashion (chip removal by ductile shearing of material) 

• In some cases the surface finish obtained with precision grinding is so good that polishing 

is unnecessary. 

• The grinding process has the advantage over polishing of having higher removal rates 

and the ability to remove vastly different amounts of material from small areas. 

• Thus, the grinding operation is particularly suited to produce especially small complex 

shapes in materials that cannot be diamond turned. 

GRINDING WHEEL 

 

• Grinding wheels are made of two materials, abrasive grains and a bonding material.  

• They are produced by mixing the appropriate grain size of the abrasive with the required 

bonding material and pressed into shape. 

• The abrasive grains do the actual cutting, and the bonding material holds the grains 
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together and supports them while they cut. 

• The cutting action of a grinding wheel is dependent on the bonding material, the abrasive 

type, grain size (grit size), wheel grade and the wheel structure.  

• Selection of the right combination of these features is therefore essential for obtaining an 

optimum solution for different grinding tasks. 

 

•  
 

1 .Bonding Materials 

• Bonds are usually formed using different types of raw materials and are basically 

classified as follows 

• vitrified materials (ceramics consist of glass, feldspar or clay) 

• resinoid materials (thermoset plastics phenol formaldehyde resin) 

• rubber (both natural and synthetic) 

• shellac 

• Metal (sintered powdered metals and electroplated -bronze, nickel aluminum alloys, zinc. 

• oxychloride (chemical action of magnesium chloride and manganese)  

• silicate (sodium silicate NaSiO, or water glass) 

• no bond (bondless) 

2. Abrasive Types 

• Abrasive grains used for grinding wheels are very hard, highly refractory materials 

and are randomly oriented.  

• Although brittle, these materials can withstand very high temperatures. They have the 

ability to fracture into smaller pieces when the cutting force increases. 

• This phenomenon gives these abrasives a self-sharpening effect. Four types of 

abrasives commonly used are as follows: 

• Aluminium oxide or alumina (AI,O 
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• Silicon carbide (SiC) 

• Cubic Boron Nitride (CBN) 

• Diamond 

• Tungsten carbide (WC) 

3. Grit Size 

• The size of an abrasive grain is identified by a number, which is normally a function of 

the mesh width of the sieve size either in microns or mesh openings per inch. 

 

4. Grade 

• The grade of a grinding wheel refers to its strength in holding the abrasive grains in 

the wheel.  

• This is largely dependent on the amount of bonding material used.  

• As the amount of bonding material is increased, the linking structure between the 

grains become larger which makes the wheel act harder. 

5. Structure 

• The structure of a grinding wheel represents the grain spacing and is a measure of the 

porosity of a bonded abrasive wheel. 

• Porosity allows clearance space for the grinding chips to be removed for a proper 

cutting action during grinding operation.  

• If this clearance space is too small, the chip will remain in the wheel, causing what is 

known as wheel loading.  

• A loading cutting wheel heats up and is not efficient in the cutting action. When this 

happens, a frequent dressing is needed to remove loaded workpiece particles on the 

wheel.  

• On the other hand, it is inefficient to have too large a space, as there will be too few 

cutting edges. 

Bondless/Binderless Diamond Grinding Wheel 

• The wheel is produced by depositing diamond on a metal, commonly a carbide 

substrate.  

• Three types of wheels can be found based on the type of the deposition method 

applied. 

• Unlike a bonded wheel, the diamond layer’s only on the top of the substrate surface 

and can be of a very fine grain size, whereas the smallest grain in bonded wheels 

must be larger than that of the bond. 
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• The maximum grain size can go up to 10 um. However, it has a higher density than 

diamond grains. 

• Three types of wheels can be found based on the type of the deposition method 

applied. 

1) Thermally treated wheel 

2) chemically treated wheel 

3) Chemically treated wheel with cauliflower like facelets 

 

 
 

 

• The invention of this bondless diamond grinding wheel has made the machining of the 

silicon die and the chip packing much easier and more economical.  

• It has the potential of grinding glass and infrared optical materials, Si and Ge. 
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Ductile mode grinding 

• Brittle material like glass, silicon, tungsten carbide (WC),germanium and silicon 

nitride have been widely employed in the industries such as precision engineering, 

optics, instruments, semi-conductor and micro-electromechanical systems (MEMS) 

because of its excellent mechanical optical, physical and chemical properties. 

• Traditionally ,abrasive processes such as grinding, lapping and polishing have been 

widely used for the final surface finishing of these brittle materials.  

• Furthermore, the abrasive processes will cause surface flatness deviation due to its 

uncontrollable material removal resulting in the machined profile inaccuracy. 

• Therefore, after grinding and lapping processes, the chemical-mechanical polishing 

(CMP) is essential to remove the subsurface damage layer caused by the hard 

abrasive particles, which makes a very costly production. 

• In ductile materials, generally the material removal occurs by plastic flow of material 
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in the form of severely sheared machining chips.  

• But in brittle materials, initially median and lateral cracks are developed. The final 

material removal occurs through the propagation and intersection of cracks. 

• Due to this crack generation, the machining in brittle materials results in poor surface 

finish and loss of surface integrity.  

• This becomes a major drawback for components used in applications requiring a high 

degree of precision. 

• Therefore to meet these challenges, a new mode of machining called ductile mode of 

machining is required to be developed to machine these brittle materials satisfactorily.  

• Also called as partial ductile mode or ductile regime machining, these process involve 

the material removal through plastic deformation as compared to the crack formation 

and propagation in conventional machining of brittle materials.  

• This method can be applied to many traditional machining processes like grinding, 

turning, drilling etc., thereby increasing the scope of applications. 

• A conclusion that this mode of machining is fast and economical is made and when 

applied for the manufacture of aspherical glass lenses, the method proved to be very 

economical. 

• As a result, the subsequent polishing process is no longer necessary 

• the polishing time can largely reduced because the crack-free surfaces can be directly 

produced by DMC without sub surface damage  

• Even though the subsurface damage layer thickness being much smaller, which would 

significantly reduce the manufacturing time and cost for brittle materials. 

• This advantage cannot be under addressed because in machining even a minor 

improvement in productivity would lead to a major impact in mass production. 
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Schematic diagrams of two cutting modes for brittle materials  

(a) DMC by removing a ductile metallized layer resulted from the large contact pressure in 

cutting region;  

(b) BMC by material fracture leaving subsurface damages, of which the subsurface damage 

is as deep as 5–10 μm due to crack propagations in machining of silicon. 

 

Mechanism and Factors involved in ductile mode machining 

• There are a number of factors which result in the high hardness of the brittle materials 

which is t he main reason for the difficulty to machine. 

•  Generally brittle materials are characterized mostly by covalent bond which has a higher 

thermal conductivity and a low coefficient of thermal expansion. 

•  The ratio of covalent bonding to ionic bonding in brittle materials is very high resulting 
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in higher hardness and lower values of Young’s Modulus.  

• But in ductile material hardness is low and they have higher Young’s Modulus. These 

factors can be attributed to low density, low mobility of dislocations, large inter atomic 

distances and low surface energy. 

• The material removal energy can become the main consideration involved in the 

transition of brittle to ductile material removal at smaller depth of cuts.  

• Plastic flow is energetically more favorable than fracture for smaller depth of cuts. 

• Ductile chips are controlled by depth of cuts. There exists a critical depth of cut which 

marks the transition from ductile to brittle machining.  

• In ductile mode machining, the critical depth of cut is around 50 nm to 1 micro m.  

• When the depth of cut employed in the machining process is less than the critical depth of 

cut, then the material removal can occur through plastic flow rather than by fracture. 

•  
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• Another factor impacting the transition from brittle to ductile mechanism while 

machining is the size of the indenter.  

• While the indenter size has no impact on the plastic flow while machining in ductile 

mode, this becomes an important factor for brittle machining.  

• A large tip size produces a cone crack and a small size results in plastic deformation 

while applied with less pressure.  

• Ductile mode cutting thus became an alternative way for finishing of brittle materials as it 

could produce crack-free mirror surface finish at a much higher efficiency and lower cost 

than polishing processes owing to its high material removal rate. 

• Ductility of a material is defined as the material’s ability to undergo permanent 

deformation through elongation (area reduction in the cross section) or bending without 

fracturing 

• While plasticity is defined as the material’s deformation, which undergoes non-

reversible changes of shape in response to applied forces and/or loading.  

• All materials exhibit the ductile nature no matter how brittle they are, save for the fact 

that the extent of ductility or plasticity varies for different materials  

• In evaluating the ductility of a material, an indentation test has been most employed in 

tandem with other processes such as scratching and grinding. 

• It has been reported that fully ductile mode surfaces with nonmetric finish are possible 

when using this kind of machine but at the expense of time and cost as the feed rate and 

depth of cut used are very fine.  

• Bulk material removal is hardly possible using ultraprecision machines; therefore this 

process becomes less favorable for generating complex surfaces.  

• As such, grinding process continues to be the most viable method for generating complex 

surfaces like aspheric, spheres and tonics.  

• Studies have shown that fully ductile mode machining was not possible with diamond 

grinding due to difficulty to control grain depth of cut as the protrusion height of 

diamond grits are randomly distributed all over the wheel surface. 

• Instead, partial ductile mode machining is feasible where minimum post-machining 

process is required if abundant ductile streaks are present.  
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•  

• Manufacture of spherical glass lenses by fracture mode or partial ductile mode grinding 

followed by partial ductile mode. 

• Lapping and ductile mode polishing is fast and economical.  

• Reduced polishing time and improved surface quality are due to the presence of ductile 

streaks. 

• Using partial ductile mode grinding and ductile mode polishing has been very successful 

for manufacturing aspherical glass lenses.  

• Again, an increase in ductile streaks helps to reduce polishing time and improve surface 

quality. 

• Partial ductile grinding and lapping obtained by using conventional machines and 

commercial tools works well for the ophthalmic industry, and results in reduced 

manufacturing costs. 
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MODULE 5 

MICROSENSORS 

• Rapid advance in the field of micro fabrication Technologies has enabled many new 

MEMS products to emerge in the market place. 

• Micro sensors are the most widely used MEMS device today. 

• Micro sensors are used to measure many physical quantities. 

• Device that converts a non-electrical physical or chemical quantity into an electrical 

signal 

 
• A smart sensor unit would include automatic calibration, interference signal reduction, 

and compensation for parasitic effect, offset correction and self-test. 

• All the intelligent function make this sensors unit as an intelligent microsystems. 

 

Trends in sensor technology 

Miniaturization 

• Integration (sensor, signal processing and actuator) 

• Sensor with signal processing circuits for linearizing sensor output, etc. 

• Sensor with built-in actuator for automatic calibration, change of sensitivity etc. 

• Sensor arrays 

• one-function units (to improve reliability) 

• Multiple-function units 

 

 

• Applications 

Automotive industry 

• average electronics content of a car is today 20% 

• to increase safety (air bag control, ABS), reduce fuel consumption and pollution 

Medical applications 

• measurement of physical/chemical parameters of blood (temperature, pressure, pH) 

• integrated sensors in catheters 

Consumer electronics 
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• Environmental applications 

• Determination of concentration of substances (carbon monoxide, heavy metals, etc.) 

• Food industry 

• contaminants and impurities 

Process industry 

Robotics 

• distance, acceleration, force, pressure, temperature 

Acoustic Wave SensorS 

• The principal application of an acoustic wave sensor is to measure the chemical 

composition in a gas. 

• In the simplest configuration, a device will consist of a piezoelectric material 

sandwiched between two metallic electrodes. The natural frequency of the 

material and the thickness are used as design parameters to obtain a desired 

operating frequency. 

• The sensor generate acoustic waves by converting mechanical energy to 

electrical.  

• Acoustic wave device also used to actuate fluid flow in microfluidic systems. 

Actuation energy of this type of sensor is provided by two principle mechanisms. 

o Piezo-electrical 

o Magnetostrictive 

• One of the most commonly used non semiconducting materials in MEMS and 

microsystems is piezoelectric crystals.  

• Piezoelectric crystals are the solids of ceramic compounds that can produce a 

voltage when a mechanical force is applied between their faces.  

• The reverse situation, that is the application of voltage to the crystal, can change 

its shape. This conversion of mechanical energy to electronic signals 

• This unique material behavior is called as the piezoelectric effect. 

 

• This effect exists in a number of natural crystals such as quartz, tourmaline, and sodium 

potassium tartrate, and quartz has been used in electromechanical transducers for many 

years. 

• For a crystal l to exhibit the piezoelectric effect, its structure should have no center of 

symmetry. A stress applied to such a crystal will alter the separation between positive and 

negative charge sites in each elementary cell, leading to a net polarization at the crystal 

surface. 

• The most common use of the piezoelectric effect is for high voltage generation through 

the application of high compressive stress. 

• It can also be used to send signals for depth detection in sonar systems. 
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BIOMEDICAL SENSORS AND BIOSENSORS 

• Micro sensors constitute the most fundamental element in any bio MEMS product. 

• There are generally two types of sensors used in biomedicine: 

o Biomedical sensors 

o Biosensors 

• Biomedical sensors are used to detect biological substances 

• Biosensors may be broadly defined as any measuring devices that contain a biological 

element. 

• These sensors usually involve biological molecules such as antibodies or enzymes, which 

interact with analyses that are to be detected. 

 

Biomedical Sensors 

• Biomedical sensors can be classified as biomedical instruments that are used to measure 

biological substances as well as for medical diagnosis purposes.  

• These sensors can analyze biological samples in quick and accurate ways. 

• These miniaturized biomedical sensors have many advantages over the traditional 

instruments. 

• They require typically a minute amount of samples and can perform analyses much faster 

with virtually no dead volume. There are many different types of biomedical sensors in 

the marketplace. 

• Electrochemical sensors work on the principle that certain biological substances, such as 

glucose in human blood, can release certain elements by chemical reaction.  

• These elements can alter the electricity flow pattern in the sensor, which can be readily 

detected. 

 

 

• A small sample of blood is introduced to a sensor with a polyvinyl alcohol solution. 

• Two electrodes are present in the sensor: a platinum film electrode and a thin 

Ag/AgCIfilm (the reference electrode).The following chemical reaction 

• Glucose + 02-----> gluconolactone + H20 
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• The H2O, produced by this chemical reaction is electrolyzed by applying a potential to 

the platinum electrode, with production of positive hydrogen ions, which will flow 

toward this electrode. 

• The amount of glucose concentration in the blood sample can thus be measured by 

measuring the current flow between the electrodes. 

 

Biosensors 

• Biosensors work on the principle of the interaction of the analytes that need to be 

detected with biologically derived biomolecules, such as enzymes of certain forms, 

antibodies, and other forms of protein.  

• These biomolecules, when attached to the sensing elements, can alter the output signals 

of the sensors when they interact with the analyte. 

• Proper selection of biomolecules for sensing elements (chemical, optical, etc., as 

indicated in the right box in the figure) can be used for the detection of specific analyte. 

 

CHEMICAL SENSORS 

• Chemical sensors are used to sense particular chemical compounds, such as various gas 

species. 

• The working principle of this type of sensor actually is very simple. As we may observe 

from our day-to-day lives, many materials are sensitive to chemical attacks. 

• For example, most metals are vulnerable to oxidation when exposed to air for a long 

time. 

• Significant oxide layer built up over the metal surface can change material properties 

such as the electrical resistance of the metal. 

• This natural phenomenon illustrates the principle on which many micro chemical sensors 

are designed and developed. 

• Materials' sensitivity to specific chemicals is indeed used as the basic principle for many 

chemical sensors. Following are four typical cases worth mentioning. 
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1) Chemiresistorsensors. In Figure 2.4, organic polymers are used with embedded metal inserts. 

These polymers can cause changes in the electric conductivity of metal when it is exposed to 

certain gases. 

2) Chemicapacitor sensors. Also in Figure 2.4, some polymers can be used as the dielectric 

material in a capacitor. The exposure of these polymers to certain gases can alter the dielectric 

constant of the material, which in turn changes the capacitance between the metal electrodes. 

 

 

3) Chemi-mechanical sensors.  

•    There are certain materials, e.g. polymers, that change shape when they are exposed to 

chemicals (including moisture).may detects such chemicals by measuring the change of 

the dimensions of the material. 

4) metal oxide sensors:  

•    This type of sensor works on a principle similar to that of chemiresistor sensors. Several 

semiconducting metals, such as SnO2.change their electric resistance after absorbing 

certain gases.  

•    The process is faster when heat is applied to enhance the reactivity of the measured gases 

and the transduction semiconducting metals. 
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OPTICAL SENSORS 

• A Device that can convert optical signals into electronic output have been developed and 

utilized in many consumer products such as television. 

• Micro-optical sensors have been developed to sense the intensity of light. Solid-state 

materials that provide strong photon-electron interactions are used as the sensing 

materials. 

• The photovoltaic junction in Figure 2.6a can produce an electric potential when the 

more transparent substrate of semiconductor A is subjected to incident photon energy. 

The produced voltage can be measured from the change of electrical resistance in the 

circuit by an electrical bridge circuit. 
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• Figure 2.6 b illustrates a special material that changes its electrical resistance when it is 

exposed to light. 

• The photodiodes in Figure 2.6 c are made of p-and n-doped semiconductor layers. 

• The phototransistors in Figure 2.6 d are made up of p-, n-, and p-doped layers. As 

illustrated in these figures, incident photon energy can be converted into electric current 

output from these devices.  

• All the devices illustrated in Figure 2.6 can be miniaturized in size and have extremely 

short response time in generating electrical signals. They are excellent candidates for 

micro-optical sensors. 

 

•  
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PRESSURE SENSOR 

• Micro pressure sensors are widely used in automotive and aerospace industries. Most 

these sensors function on the principle of mechanical de-formation and stresses of 

thin diaphragms induced by the measure and pressure. 

• Mechanically induced diaphragm deformation and stresses are then converted into 

electrical signal output through several means of transduction. 

• There are generally two types of pressure sensor: 

o Absolute sensors 

o Gauge pressure sensors. 

 

• The absolute pressure sensor has an evacuated cavity on one side of the diaphragm. The 

measured pressure is the "absolute" value with vacuum as the reference pressure. 

• In the gage pressure type, no evacuation is necessary. 

• There are two different ways to apply pressure to the diaphragm. With back side 

pressurization, as illustrated in Figure 2.7a, there is no interference with signal 

transducer, such as a piezo resistor, that is normally implanted at the top surface of the 

diaphragm.  

• The other way of pressurization, i.e., front-side pressurization, Figure 2.7b, is used only 

under very special circumstances because of the interference of the pressurization 

medium with the signal transducer.  

• Signal transducers are rarely placed on the back surface of the diaphragm because of 

space limitation as well as awkward access for interconnects. 
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As shown in Figure 2.7, the sensing element is usually made of thin silicon die with varying in 

size from a few micrometers to a few millimeters square. 

•A cavity is created from one side of the die by means of a microfabrication technique. 

•The top surface of the cavity forms the thin diaphragm that deforms under the applied pressure 

from the measure and fluid. 

•The thickness of the silicon diaphragm usually vary from a few micrometers to tens of 

micrometers. 

•The deformation of the diaphragm by the applied pressure is transduced into electrical signals 

by various transduction techniques. 
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• Figure 2.8 schematically illustrates a packaged pressure sensor. The top view of the 

silicon die shows four piezo resistors (R. Rz, R3, and R) implanted beneath the surface of 

the silicon die. 

• These piezo resistors convert the stresses induced in the silicon diaphragm by the applied 

pressure into a change of electrical resistance, which is then converted into voltage output 

by a Wheatstone bridge circuit as shown in the figure. 

• The piezo resistors are essentially miniaturized semiconductor strain gages, which 

can produce the change of electrical resistance induced by mechanical stresses. In 

the case illustrated in Figure 2.8, the resistors R and Rg are elongated the stresses induced 

by the applied pressure. 

• Such elongation causes an increase of electrical resistance in these resistors, whereas the 

resistors R2 and R4 experience the opposite resistance change. 

• These changes of resistance as induced bythe applied measure and pressure are measured 

from the Wheatstone bridge in the dynamic de-flection operation mode as 

• Where V, and Vin are respectively measured voltage and supplied voltage to the 

Wheatstone bridge. 

 

• Fig 2.9 illustrates a micro pressure sensing unit utilizing capacitance change for pressure 

measurement. 

• Two electrodes made of thin metal films are attached the bottom of the top cover and the 

top of the diaphragm. Any deformation of the diaphragm due to the applied pressure will 

narrow the gap between the two electrodes leading to a change of capacitance across the 

electrodes. 

• This method has the advantage of being relatively independent of the operating 

temperature. 
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THERMAL SENSOR 

• Thermocouples are the most common transducer used to sense heat. 

• They operate on the principle of electromotive force (emf) produced at the open ends of 

two dissimilar metallic wires when the junction of the wires (called the bead) is heated.  

• The temperature rise at the junction due to heating can be correlated to the magnitude of 

the produced emf, or voltage.  

• These wires and the junction can be made very small in size. By introducing an additional 

junction in the thermocouple circuit, as shown in Figure 2.13b, and exposing that junction 

to a different temperature than the other, one would induce a temperature gradient in the 

circuit itself.  

• This arrangement of thermocouples with both hot and cold junctions can produce the See 

beck effect, discovered by T. J.Seebeckin 1821. 

• The voltage generated by the thermocouple can been evaluated by V= βΔT in whichβ is 

the Seebeck coefficient and ΔT is the temperature difference between the hot and cold 

junctions. 

• In practice, the cold junction temperature is maintained constant, e.g., at 0'C, by dipping 

that junction in ice water the coefficientβ depends on the thermocouple wire materials 

and the range of temperature measurements. 

• One serious drawback of thermocouples for micro thermal transducers is that output of 

thermocouples decreases as the size of the wires and the beads is reduced. 
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Thermocouples alone are thus not ideal for microthermal sensors. 

 

 

 

 

Micro thermopile 

• A micro thermopile is a more realistic solution for miniaturized heat sensing. 

• Thermopiles operate with both hot and cold junctions, but they are arranged with 

thermocouples in parallel and voltage output in series. 

• This arrangement is illustrated in Figure 2.14. Materials for thermopile wires are the 

same as those used in thermocouples 

•  

 



 MR 409 MICRO ELECTRO MECHANICAL SYSTEM 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

85 

 

MICROACTUATION 

Actuator is defined as 'a mechanical device for moving or controlling something." The actuator is 

a very important part or a microsystem that involves motion. 

Four principal means are commonly used Io actuating motions of micro devices: 

(1) Thermal forces 

(2) Shape memory alloys 

(3) Piezoelectric crystals 

(4) Electrostatic forces 

Electromagnetic actuation is widely used in devices and machines at macro scales It, however, is 

rarely used in micro devices because of the unfavorable miniaturization scaling laws. 

• An actuator is designed to deliver a desired motion when it is driven by a power source. 

Actuators can be as simple as an electrical relay switch or as complex as an electric 

motor. 

• The driving power for actuators varies, depending on the specific ap-plications. 

• An on/off switch in an electric circuit can be activated by the deflection of a bimetallic 

strip as a result of resistance heating of the strip by electric current.  

On the other hand, most electrical actuators, such as motors and solenoid devices, are 

driven by electromagnetic induction, governed by Faraday's law. 

Actuation Using Thermal Force 

• Bimetallic strips are actuators based on thermal forces. These strips are made by bonding 

two materials with distinct thermal expansion coefficients. 

• The strip will bend when is heated or cooled from the initial reference temperature 

because of in compatible thermal expansions of the materials that are bonded together. 

• It will re-turn to its initial reference shape once the applied thermal force is removed.  

• The same principle has been used to produce several micro actuators, such as micro 

clamps or valves. 

• In these cases, one of the strips is used as a resistance heater. The other strip could be 

made from a common microstructural material such as silicon or polysilicon. 

• The behavior of thermally actuated bimetallic strips is illustrated in Figure 2.16. The two 

constituent materials have coefficients of thermal expansion, α1 and α2, respectively, 

withα1 >α2. 

• The beam made of the bimetallic strips will deform from its original straight shape to a 

bent shape shown in the right of the figure when it is heated by external sources. 
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Actuation Using Shape-Memory Alloys 

• Micro actuation can be produced more accurately and effectively by using shape memory 

alloys (SMA) such as Nitinol or, or TiNi alloys. 

• These alloys tend to return to their original shape at a pre-set temperature. 

• To illustrate the working principle of a micro actuator using SMA, let us refer to Figure 

2.17. An SMA strip originally in a bent shape at a designed preset temperature T is 

attached to a silicon cantilever beam. 

• The beam is set straight at room temperature. However, heating the beam with the 

attached SMA strip to the temperature T would prompt the strip's "memory" to return to 

its original bent shape. 

• The deformation of the SMA strip causes the attached silicon beam to deform with the 

strip, and micro actuation of the beam is thus achieved. 

• This type of actuation has been used extensively in micro rotary actuators. 

 

Actuation Using Piezoelectric Crystals 

• Certain crystals, such as quartz, that exist in nature deform with the application of an 

electric voltage.  

• The reverse is also valid; i.e., an electric voltage can be generated across the crystal when 

an applied force deforms the crystal. This phenomenon is illustrated in Figure 2.18. 
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• We may attach such a crystal to a flexible silicon beam in a micro actuator, as shown in 

Figure 2.19. 

• An applied voltage across the piezoelectric crystal prompts a deformation of the crystal, 

which can in turn bend the attached silicon cantilever beam. 

• Piezoelectric actuation is used in a micro positioning mechanism and micro clamp. 

 

 

Actuation Using Electrostatic Forces 

• Electrostatic forces are used as the driving forces for many actuators. 

• Accurate assessment of electrostatic forces is an essential part of the design of many 

microm0 tors and actuators. 

• Coulomb's Law: 
• Electrostatic force F is defined as the electrical force of repulsion or attraction induced by 
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an electric field E. As we have learned from physics, an electric field E exists in a field 

carrying positive and negative electric charges. 

• Charles Augustin Coulomb (1736-1806) discovered this phenomenon and postulated the 

mathematical formula for determining the magnitude of the force F between two charged 

particles. 

•  
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Electrostatic Forces in Parallel Plates 

 

• These electrostatic forces are the prime driving forces of micro-motors. 

• One drawback of electro-static actuation is that the force that is generated by this method 

usually is low in magnitude. 

• Its application is thus primarily limited to actuators for optical switches 

MICROGRIPPERS 

• The electrostatic forces generated in parallel charged plates can be used as the driving 

forces for gripping objects. 

• Figure 2.24. As the figure shows, the required gripping forces in a gripper can be 

provided either by normal forces (fig 2.24a) or by the in-plane forces from pairs of 

misaligned plates. 

• The arrangement that uses normal gripping forces from parallel plates, Figure 2.24a. 

Appears to be simple in practice. 

•  A major disadvantage of this arrangement, however, is the excessive space that the 

electrodes occupy in a micro gripper. Consequently, it is rarely used. 
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• The other arrangement, with multiple pairs of misaligned plates, is commonly used in 

micro devices. 

• This arrangement is frequently referred to as the comb drive. 

          Comb drive 

• The gripping action at the tip of the grip per is initiated by applying a voltage across the 

plates attached to the drive arms and the closure arm. 

• The electrostatic force generated by these pairs of misaligned plates tends to align them, 

causing the drive arms to bend, which in turn closes the extension arms for gripping. 

• These micro grippers can be adapted to micromanipulators or robots in micro 

manufacturing processes or microsurgery. 
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Micro motors 

• There are two types of micro motors that are used in micro machines: and devices: linear 

motors and rotary motors. 

• The actuation forces for micro motors are primarily electrostatic forces. The sliding force 

generated in pairs of electrically energized misaligned plates, such as illustrated in Figure 

2.23. prompts the required relative motion in a linear motor 
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• Figure 2.27 illustrates the working principle of the linear motion between two sets of 

parallel base plates. 

• Each of the two sets of base plates contains a number of electrodes made of electric 

conducting plates. 

•  All these electrodes have a length W. The bottom base plate has an electrode pitch of W, 

whereas the top base plate has a slightly different pitch, say W+ W/3.  

• The two sets of base plates are initially misaligned by W/13, as shown in the figure. 

• We may set the bottom plates as stationary so the top plates can slide over the bottom 

plates in the horizontal plane.  

• Thus, on energizing the pair of electrodes A and A' can cause the motion of the top plates 

moving to the left until A and A are fully aligned. 

• At that moment, the electrodes B and B' are misaligned by the same amount, W/3. One 

can energize the misaligned pair B-B' and prompt the top plates to move by another W/3 

distance toward the left. 

• We may envisage that by then the C-C pair is misaligned by W/3 and the subsequent 

energizing of that pair would produce a similar motion of the top plates to the left by 

another distance of W/3.  

• The motion will be completed by yet another sequence of energizing the last pair, D-D 

We may thus conclude that with carefully arranged electrodes in the top and bottom base 

plates and proper pitches, one can create the necessary electrostatic forces that are 

required to provide the relative motion between the two sets of base plates.  

• It is really seen that the smaller the preset misalignment of the electrode plates, the 

smoothest the motion becomes. 

•  Rotary micro motors can be made to work by a similar principle. 
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• Rotary motors driven by electrostatic forces can be constructed in a similar way. 

•  Figure 2.28 shows a top view of an electrostatically driven micro motor. As can be seen 

from the figure, electrodes are installed in the outer surface of the rotor poles and the 

inner surface of the stator poles.  

• As in the case of linear motors, pitches of electrodes in rotor poles and stator poles are 

mismatched in such a way that they will generate an electrostatic driving force due to 

misalignment of the energized pairs of electrode. 

•  The reader will notice that the ratio of poles in the stator to those in the rotor is 3:2.  

• The air gap between rotor poles and stator poles can be as small as 2 µm The outside 

diameter of the stator poles 18 in the neighborhood of 100 µm, whereas the length of the 

rotor poles is about 20 to 25 µm.  

• One serious problem that is encountered by engineers in the design and manufacture of 

micro rotary motors is the wear and lubrication of the bearings.  

• Typically these motors rotate at over 10,000 revolutions per minute (rpm). With such 

high rotational speed, the bearing quickly wears off, which results in wobbling of the 

rotors. 

 

Micro valves 

• Micro valves are primarily used in industrial systems that require precision control of gas 

flow for manufacturing processes, or in biomedical applications such as in controlling the 

blood flow in an artery.  

• A growing market for micro valves is in the pharmaceutical industry, where these valves 
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are used as a principal component in microfluidic systems for precision analysis and 

separation of constituents. Micro valves operate on the principles of micro actuation. 

• As illustrated in Figure 2.29, the heating of the two electrical resistor rings attached to the 

top diaphragm can cause a downward movement to close the passage of flow. 

 

• Removal of heat from the diaphragm opens the valve again to allow the fluid to flow.  

• In Jerman's design, the diaphragm is 2.5 mm in diameter and is 10 um thick.  

• The heating rings are made of aluminum 5 um thick. 

•  The valve has a capacity of 300 cm/min at a fluid pressure up to 100 psi, and 1.5 W of 

power is required to close the valve at 25 psi pressure. 

• A rather simple micro valve design uses a thermal actuation principle The cross-section 

of this type of valve is schematically shown in Figure 2.30.  

 

 



 MR 409 MICRO ELECTRO MECHANICAL SYSTEM 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

95 

• This design is used to control the flow rate from a normally open valve (as shown) to a 

fully closed state.  

• The downward bending of the silicon diaphragm regulates the amount of valve opening.  

• Bending of the diaphragm is activated by heat supplied to a special liquid in the sealed 

compartment above the diaphragm.  

• The heat source in this case is the electric resistance foils attached at the top of the 

device. 

Micro pumps 

 

 

• A simple micro pump can be constructed by using the electrostatic actuation of a 

diaphragm as illustrated in Figure 2.31. 

•  The deformable silicon diaphragm forms one electrode of a capacitor. It can be actuated 

and deformed toward the top electrode by applying a voltage across the electrodes.  

• The upward motion of the diaphragm increases the volume of the pumping chamber and 

hence reduces the pressure in the chamber. 

•  This reduction of pressure causes the inlet check valve to open to allow in- flow of fluid.  

• The subsequent cutoff of the applied voltage to the electrode prompts the diaphragm to 

return to its initial position, which causes a reduction of the volume in the pumping 

chamber.  

• This reduction of volume increases the pressure of the en- trapped fluid in the chamber.  

• The outlet check valve opens when the entrapped fluid pressure reaches a designed value, 

and fluid is released.  

• A pumping action can thus be accomplished. The actuation frequency is I to 100 Hz. At 

25 Hz, a pumping rate of 70 µL/min is achieved. 

• Another type of micro pump, called a piezo pump is built on the principle of producing 



 MR 409 MICRO ELECTRO MECHANICAL SYSTEM 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

96 

wave motion in the flexible wall of minute tubes in which the fluid flows.  

• Piezoelectric materials coated outside the tube wall generate the wave motion. The wave 

motion of the tube wall exerts forces on the contained fluid for the required notion. 
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MODULE 6 

• MEMS and microsystem products have become increasingly dominant in every aspect of 

commercial marketplace as the technologies for microfabrication and miniaturization 

continue to be developed. 

•  At the present time, two major commercial markets for these products are computer 

storage systems and automobiles.  

• The automotive industry has been the major user of MEMS technology m the last two 

decades because of the size of its market.  

• A 1991 report indicated that industry had a production of 8 million vehicles per year, 

with 6 million of this is from United States  
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• The primary motivation for adopting MEMS based microsystems in automobiles is to 

make automobiles safer and more comfortable for the riders  

• to meet the high fuel efficiencies  

• low emissions standards required by governments. 

•  In all, the widespread use of these products can indeed make the automobile "smarter" 

for consumers' needs.  

• The term smart cars was first introduced in the cover story of a special issue of a trade 

magazine |Smart Cars 1988].  

• Many of the seemingly fictitious predictions of the intelligent functions of a smart car are 

in place in today's vehicles 

• Smart vehicles are based on the extensive use of sensors and actuators.  

• Various kind of sensors are used to detect the environment or road conditions, and the 

actuators are used to execute whatever actions are required to deal with these conditions. 

•  Micro sensors and actuators allow automobile makers to use smaller devices, and thus 

more of them, to cope with the situation in much more effective ways. 
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•  
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Safety 

• Air bag deployment system to protect the driver and passengers from injury in event of 

serious vehicle collision. The system uses micro accelerometers or micro inertia sensors 

• antilock braking systems (position sensors).  

• Suspension systems (displacement, position and pressure sensors, and micro valves).  

• Object avoidance (pressure and displacement sensors).  

• Navigation (micro gyroscope).  

Engine and Power-Train 

• Manifold control with pressure sensors.  

• Airflow control Exhaust gas analysis and control (see Figure 1.21)  

• Crankshaft positioning Fuel pump pressure and fuel injection control  

• Transmission force and pressure control  

• Engine knock detection for higher power output Comfort and Convenience Seat control 

(displacement sensors and m 

 


























































































































































