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Instructions for Students 
1. Use pencil for diagrams. 
2. Answers should mark proper S No. 
3. Don’t role or tear answer sheet. 
4. Attempt five questions. 

Q.1 What is MEMS? Describe the MEMS technology in details. 

Ans.1 Micro-electromechanical system (MEMS) is a process technology used to create tiny integrated 

devices or systems that combine mechanical and electrical components. They are fabricated using 

integrated circuit (IC) batch processing techniques and can range in size from a few micrometers to 

millimeters. These devices (or systems) have the ability to sense, control and actuate on the micro 

scale, and generate effects on the macro scale. 

 MEMS, an acronym that originated in the United States, is also referred to as Microsystems 

Technology (MST) in Europe and Micromachines in Japan. Regardless of terminology, the uniting 

factor of a MEMS device is in the way it is made. While the device electronics are fabricated using 

‘computer chip’ IC technology, the micromechanical components are fabricated by sophisticated 

manipulations of silicon and other substrates using micromachining processes. Processes such as bulk 

and surface micromachining, as well as high-aspect-ratio micromachining (HARM) selectively 

remove parts of the silicon or add additional structural layers to form the mechanical and 

electromechanical components. While integrated circuits are designed to exploit the electrical 

properties of silicon, MEMS takes advantage of either silicon’s mechanical properties or both its 

electrical and mechanical properties. In the most general form, MEMS consist of mechanical 

microstructures, microsensors, microactuators and microelectronics, all integrated onto the same 

silicon chip. This is shown schematically in below figure. Microsensors detect changes in the system’s 

environment by measuring mechanical, thermal, magnetic, chemical or electromagnetic information or 

phenomena. Microelectronics processes this information and signals the microactuators to react and 

create some form of changes to the environment. MEMS devices are very small; their components are 

usually microscopic. MEMS is a manufacturing technology; a paradigm for designing and creating 

complex mechanical devices and systems as well as their integrated electronics using batch fabrication 

techniques.  

 
Schematic illustration of MEMS components 
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Following below figure illustrates the classifications of microsystems technology (MST). Although 

MEMS is also referred to as MST, strictly speaking, MEMS is a process technology used to create 

these tiny mechanical devices or systems, and as a result, it is a subset of MST.  

 

 
 

Classifications of microsystems technology 

 

Micro-optoelectromechanical systems (MOEMS) is also a subset of MST and together with MEMS 

forms the specialized technology fields using miniaturized combinations of optics, electronics and 

mechanics. Both their microsystems incorporate the use of microelectronics batch processing 

techniques for their design and fabrication. There are considerable overlaps between fields in terms of 

their integrating technology and their applications and hence it is extremely difficult to categories 

MEMS devices in terms of sensing domain and/or their subset of MST. The real difference between 

MEMS and MST is that MEMS tends to use semiconductor processes to create a mechanical part. In 

contrast, the deposition of a material on silicon for example, does not constitute MEMS but is an 

application of MST.  

 

Transducer A transducer is a device that transforms one form of signal or energy into another form. 

The term transducer can therefore be used to include both sensors and actuators and is the most 

generic and widely used term in MEMS. 

 

Sensor A sensor is a device that measures information from a surrounding environment and provides 

an electrical output signal in response to the parameter it measured. Over the years, this information 

(or phenomenon) has been categorized in terms of the type of energy domains but MEMS devices 

generally overlap several domains or do not even belong in any one category. These energy domains 

include:  

 

 Mechanical -force, pressure, velocity, acceleration, position  

 Thermal -temperature, entropy, heat, heat flow  

 Chemical - concentration, composition, reaction rate  
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 Radiant - electromagnetic wave intensity, phase, wavelength, polarization, reflectance,  

refractive index, transmittance  

 Magnetic - field intensity, flux density, magnetic moment, permeability  

 Electrical - voltage, current, charge, resistance, capacitance, polarization 

 

Actuator An actuator is a device that converts an electrical signal into an action. It can create a force 

to manipulate itself, other mechanical devices, or the surrounding environment to perform some useful 

function 

 

Q.2 Write the comparison between microelectronics and Microsystems. 

Ans.2 The comparison between microelectronics and Microsystems is described in following table 
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Q.3 Briefly explain the Czochralski (CZ) crystal growth method to produce pure silicon. 

Ans.3 Czochralski crystal growth method The Czochralski process is a method of crystal 

growth used to obtain single crystals of semiconductors (e.g. silicon, germanium and gallium arsenide 

GaAS), metals (e.g. palladium, platinum, silver, gold), salts and synthetic gemstones. The process is 

named after Polish scientist Jan Czochralski,who invented the method in 1915 while investigating the 

crystallization rates of metals. He made this discovery by accident, while studying the crystallization 

rate of metals when, instead of dipping his pen into the ink, he did so in molten tin and drew 

a tinfilament, that later proved to be a single crystal. 

The most important application may be the growth of large cylindrical ingots, or boules, of single 

crystal silicon. High-purity, semiconductor-grade silicon (only a few parts per million of impurities) is 

melted down in a crucible, which is usually made of Quartz. Dopant impurity atoms such as boron or 

phosphorus can be added to the molten intrinsic silicon in precise amounts in order to dope the silicon, 

thus changing it into n-type or p-type extrinsic silicon. This influences the electrical conductivity of 

the silicon. A seed crystal, mounted on a rod, is dipped into the molten silicon. The seed crystal's rod 

is pulled upwards and rotated at the same time. By precisely controlling the temperature gradients, rate 

of pulling and speed of rotation, it is possible to extract a large, single-crystal, cylindrical ingot from 

the melt. This process is normally performed in an inert atmosphere, such as argon, and in an inert 
chamber, such as quartz. 

 

While the largest silicon ingots produced today are 400 mm in diameter and 1 to 2 meters in length, 

200 mm and 300 mm diameter crystals are standard industrial processes. Thin silicon wafers are cut 

from these ingots (typically about 0.75 mm thick) and polished to a very high flatness to be used for 

creating integrated circuits. Other semiconductors, such as gallium arsenide, can also be grown by this 

https://en.wikipedia.org/wiki/Gold
https://en.wikipedia.org/wiki/Tin
http://en.wikipedia.org/wiki/Electrical_conductivity
http://en.wikipedia.org/wiki/Inert
http://en.wikipedia.org/wiki/Millimetre
http://en.wikipedia.org/wiki/Metre
http://en.wikipedia.org/wiki/Wafer_%28electronics%29
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Gallium_arsenide
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method, although lower defect densities in this case can be obtained using variants of the Bridgeman 
technique. 

When silicon is grown by the Czochralski method the melt is contained in a silica (quartz) crucible. 

During growth the walls of the crucible dissolve into the melt and Czochralski silicon therefore 

contains oxygen impurities with a typical concentration of 10
18cm− 3

. Perhaps surprisingly, oxygen 

impurities can have beneficial effects. Carefully chosen annealing conditions can allow the formation 

of oxygen precipitates. These have the effect of trapping unwanted transition metal impurities in a 

process known as gettering. Additionally, oxygen impurities can improve the mechanical strength of 
silicon wafers by immobilizing any dislocations which may be introduced during device processing.  

Q.4 Explain the fabrication process of pressure sensor. 

Ans.4 The following steps are used to fabricate a pressure sensor using MEMs technology. 

 The fabrication process of a typical pressure sensor is done using electrochemical etching 

(ECE). 

 An n-type epitaxial layer of silicon is grown on a p-type, {100} wafer. A thin, preferably 

stress-free, insulating layer is deposited or grown on the front side of the wafer, and a 
protective silicon nitride film is deposited on the back side. 

 The piezoresistive sense elements are formed by locally doping the silicon p-type using the 

masked implantation of boron, followed by a high-temperature diffusion cycle. 

 Etching of the insulator on the front side provides contact openings to the underlying 
piezoresistors. 

 A metal layer, typically aluminum, is then sputter deposited and patterned in the shape of 

electrical conductors and bond pads. A square opening is patterned and etched in the silicon 

nitride layer on the back side. 

 Double-sided lithography ensures that the backside square is precisely aligned to the sense 
elements on the front side. 

 At this point, electrical contacts are made to the p-type substrate and n-type epitaxial layer, 

and the silicon is electrochemically etched from the back side in a solution of potassium 

hydroxide. 

 Naturally, the front side must be protected during the etching. One practical protection 
method includes coating with wax such as paraffin and clamping in a fixture. 

 The etch stops as soon as the p-type silicon is completely removed, and the n-type layer is 
exposed. 

 The process forms a membrane with precise thickness defined by the epitaxial layer. • 

Anodic bonding in vacuum of a Pyrex glass wafer on the back side produces an absolute 
pressure sensor that measures the pressure on the front side. 

http://en.wikipedia.org/wiki/Silica
http://en.wikipedia.org/wiki/Quartz
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Q.5 Explain the basics physics of Single Electron Tunneling. 

Ans.5 The single electron transistor shown in figure consists of two tunnel junctions sharing one 

common electrode with a low self-capacitance, known as the island. The electrical potential of the 

island can be tuned by a third electrode (the gate), capactively coupled to the island 
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Schematic diagram of the Single Electron Transistor 

 

In the blocking state no accessible energy levels are within tunneling range of the electron (red) on the 

source contact. All energy levels on the island electrode with lower energies are occupied.  

When a positive voltage is applied to the gate electrode the energy levels of the island electrode are 

lowered. The electron can tunnel onto the island, occupying a previously vacant energy level. From 

there it can tunnel onto the drain electrode where it scatters inelastically and reaches the drain 

electrode Fermi level.  

The energy levels of the island electrode are evenly spaced with a separation of ΔE. ΔE is the energy 

needed to each subsequent electron to the island, which acts as a self- capacitance C. The lower C the 

bigger ΔE gets. To achieve the Coulomb blockade, three criteria have to be met:  

1. The bias voltage can't exceed the charging energy divided by the capacitance Vbias 

2. The thermal energy kBT must be below the charging energy Ec, or else the electron will be able to 

pass the QD via thermal excitation; and 

3. The tunneling resistance (Rt) should be greater than which is derived from Heisenberg's Uncertainty 

principle.\ 

  

Basic Physics of Set Operation 

Single Electron Transistor [SET] has been made with critical dimensions of just a few nanometer 

using metal, semiconductor, carbon nano tubes or individual molecules. A SET consists of a small 

conducting island [Quantum Dot] coupled to source and drain leads by tunnel junctions and 

capactively coupled to one or more gate. Unlike Field Effect transistor, Single electron device based 

on an intrinsically quantum phenomenon, the tunnel effect.] The electrical behavior of the tunnel 

junction depends on how effectively barrier transmit the electron wave, which decrease exponentially 

with the thickness, which is given by the area of tunnel junction divided by the square of wave length.  

Quantum dot [QD] as shown in figure is a mesoscopic system in which the addition or removal of a 

single electron can cause a change in the electrostatic energy or Coulomb energy that is greater than 

the thermal energy and can control the electron transport into and out of the QD.  
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Quantum Dot Structure 

 

To understand the electron transport properties in QD, Let us consider a metal nanoparticle 

sandwiched between two metal electrodes shown in figure  

 
Energy levels of source, island and drain (from left to right) in a single electron transistor for 

both the blocking state (upper part) and the transmitting state (lower part) 

 

 The nanoparticle is separated from the electrodes by vacuum or insulation layer such as oxide or 

organic molecules so that only tunneling is allowed between them. So we can model each of the 

nanoparticles-electrode junctions with a resistor in parallel with a capacitor. The resistance is 

determined by the electron tunneling and the capacitance depends on the size of the particle. We 

denote the resistors and capacitors by R1, R2, C1 and C2, and the applied voltage between the 

electrodes by V. We will discuss how the current, I depends on V. When we start to increase V from 

zero, no current can flow between the electrodes because movement of an electron onto (charging) or 

off (discharging) from an initially neutral nanoparticle cost energy by an amount given by equation. 
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Applications of SET  

 Supersensitive  

 Single-Electron Spectroscopy 

 DC Current Standards  

 Detection of Infrared Radiation 

 Voltage State Logics 

 Charge State Logics 

 Programmable Single Electron Transistor Logic 

 

 

Q.6 What are the effect of crystal size on the density of states and band gap. 

Ans.6 
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