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COURSE OUTCOMES (COs)

• CO1: Interpret the micro systems, micro electronics& 
miniaturization technique.

• CO2: Apply the scaling laws to micro systems for 
providing information of downscaling. providing information of downscaling. 

• CO3: Illustrate the Bulk and Surface micromachining 
techniques. 

• CO4: Classify and discuss the properties of different 
materials. 

• CO5: Analyze design aspects, working principles and 
limitations of MEMS based devices. 
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UNIT – I:OVERVIEW OF MEMS & SCALING 
LAWS IN MINIATURIZATION 

CONTENTS:
• MEMS and Microsystems 
• Working Principles of Microsystems with examples
• Microsystems and MicroelectronicsMicrosystems and Microelectronics
• Applications of Microsystems
• Benefits of miniaturization
• Introduction to Scaling
• Scaling in -Geometry,Electrostatic forces
• MEMS Design Considerations. 
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MEMS

MEMS components are of sizes in 1 micrometer (μm) to 
1millimeter (mm).
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Air Bag Deployment System
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Micro Cars
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MICROSYSTEM
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MEMS COMPONENTS
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MEMS COMPONENTS

• MEMS consist of mechanical microstructures, 
microsensors, microactuators and 
microelectronics, all integrated onto the same 
silicon chip.silicon chip.

• The two principle components of MEMS:
• i) A sensing or actuating element
• ii) A signal transduction unit
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MEMS AS A SENSOR
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Example-Pressure Sensor
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Pressure Sensor

• Pressure Sensor: In a pressor sensor an input signal 
such as pressure from a sourse is sensed by a 
microsensing element ,which may include simply a 
silicon diaphragm only a few micrometers thick.

• The deflection of the diaphragm induced by the 
applied pressure is converted into a change of 
electrical resistance by micropiezoresistors that are 
implanted in the diaphragm.

• The piezoresistors constitute the part of transduction 
unit.
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Pressure Sensor

• The change of electrical resistance in the 
resistors induced by the change of crystal 
structure geometry can further be converted 
into corresponding voltage changes by a micro into corresponding voltage changes by a micro 
Wheatstone bridge circuit also attached to the 
sensing element as another part of 
transduction unit.

• The ouput of this micosensor is voltage 
change according to the input pressure
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MEMS AS AN ACTUATOR
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Example-Electrostatic 
Actuation
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Electrostatic Actuation

• Electrostatic Actuator: In Electrostatic 
Actuation the application of input voltage to 
the plates can result in Electrostatic forces 
that promt relative motion of these plates in that promt relative motion of these plates in 
the normal direction of the aligned plates or 
parallel movement of misaligned plates.These 
motions are set to accomplish the required 
actions. Electrostatic Actuating is used in 
many actuators.
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Intelligent Microsystem
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Intelligent Microsystem

• Signal processing and closed loop feedback 
control system in a control system makes the  
integrated system as Intelligent Microsystem.integrated system as Intelligent Microsystem.

• Example: Intertial sensors used in air bag 
deployment system in automobiles.
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Microsystems and 
Microelectronics
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Microsystems and 
Microelectronics
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Microsystems and Microelectronics
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Natural sciences involved in Micro 
system Design and Manufacture
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Natural sciences involved in 
Micro system Design and 

Manufacture
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Engineering disclipines involved in 
Micro system Design and 

Manufacture
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Engineering disclipines involved in Micro 
system Design and Manufacture

4. Materials engineering offers design engineers  
a selection of available materials that are 
amenable to microfabication and 
manufacturing ,as well as packaging.manufacturing ,as well as packaging.
Materials engineering plays a key role in the 
development of chemical ,biological and 
optical sensors.

5. Industrial engineering relates to production 
and assembly of Microsystems.
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Applications of 
Microsystems in Automotive 

Industry
Safety: 
• Air bag depolyment system
• Antilock breaking system
• Suspension system• Suspension system
• Object avoidance
• Navigation 
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Engine and power train
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Applications in the 
Aerospace Industry

31Lakireddy Bali Reddy College of Engineering



Applications in health care

• Sphygmomanometers
• Respirators
• Lung capacity meters
• Kidney dialysis equipment• Kidney dialysis equipment
• Medical process monitoring
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Applications in 
Telecommuncations

• Optical switching and fibre optic couplings
• RF switches 
• Tunable Resonators
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MINIATURIZATION

• According to Webster's dictionary, the word 
miniature means a copy on a much-reduced 
scale. In essence, miniaturization is an art that scale. In essence, miniaturization is an art that 
substantially reduces the size of the original 
object yet retains the characteristics of the 
original (and more) in the reduced copy.
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Benifits of miniaturization
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SCALING LAWS IN 
MINIATURIZATION

• Introduction to Scaling
• Scaling in Geometry
• Scaling in Electrostatic forces
• MEMS Design Considerations
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WHY SCALING LAWS?

• Miniaturizing machines and physical systems is an ongoing 
effort in human civilization.

• Intelligent, Robust, Multi-functional and Low cost 
• consumer products has become more strong than ever. The 

only solution to produce these consumer products is to only solution to produce these consumer products is to 
package many components into the product – making it 
necessary to miniaturize each individual components. 

• Miniaturization of physical systems is a lot more than just 
scaling down device components in sizes. Some physical 
systems either cannot be scaled down favorably, or cannot be 
scaled down at all!
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SCALING LAWS

• Scaling laws thus become the very first thing 
that any engineer would do in the design of that any engineer would do in the design of 
MEMS and microsystems.
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Scale sizes
Three general scale sizes: 
(a) Astronomical objects
(b) Macro-objects
(c) micro-objects. 
• Things effective at one of these scale sizes often are insignificant at 

another scale size. another scale size. 
Examples: 

– Gravitational forces dominate on an astronomical scale (e.g., the 
earth moves around the sun), but not on smaller scales. 

– Macro-sized motors use magnetic forces for actuation, but micro-sized 
ones usually use electrostatic fields instead of magnetic. 
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Range of sizes of objects studied by biochemists and biologists 
Eukaryotes - Organisms whose cells are compartmentalized 
by internal cellular membranes to produce 3 a nucleus and 
organelles. 
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Types of Scaling Laws

1. Scaling in Geometry: 
Scaling of physical size of objects 

2. Scaling of Phenomenological Behavior :
Scaling of both size and material 

characterizations

41Lakireddy Bali Reddy College of Engineering



Scaling in Geometry

• Volume (V) and surface (S) are two physical 
parameters that are frequently involved in machine 
design. 

• Volume leads to the mass and weight of device Volume leads to the mass and weight of device 
components. 

• Volume relates to both mechanical and thermal 
inertia. Thermal inertia is a measure on how fast we 
can heat or cool a solid. It is an important parameter 
in the design of a thermally actuated device.
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Scaling in Geometry

• Surface is related to pressure and the buoyant forces 
in fluid mechanics.

• For instance, surface pumping by using piezoelectric 
means is a practical way for driving fluids flow in means is a practical way for driving fluids flow in 
capillary conduits.

• When the physical quantity is to be miniaturized, the 
design engineer must weigh the magnitudes of the 
possible consequences from the reduction on both 
the volume and surface of the particular device. 
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Scaling in Geometry-Example: A solid of 
rectangular geometry
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Scaling in Geometry-Example: A 
solid of rectangular geometry
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Scaling in Geometry-An Example 
of two living objects
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The Trimmer Force Scaling 
Vector
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Scaling Laws for a rigid body 
dynamics
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Scaling in Electrostatics 
Forces
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Scaling in Electrostatics 
Forces

• The electric potential energy induced in the 
parallel plate capacitor is

• U=(1/2 )CV2=((€0€rWL)/2d) V2

Where V is the applied voltageWhere V is the applied voltage
€0 is the absolute permittivity
€r is the relative permittivity
d is the distance between the plates

50Lakireddy Bali Reddy College of Engineering



Scaling in Electrostatics 
Forces

• Applying scaling laws, the electric potential 
energy induced in the parallel plate capacitor 
becomes

• Uα((l0) (l0) (l1) (l1) (l1)2)/ (l1)= (l3)
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Scaling in Electrostatics Forces

The scaling of voltage, V can be approximated by the Paschen’s effect 
illustrated as:

Scaling: A 10 times reduction of linear size of electrodes → 10 3 = 
1000 times reduction in Potential energy!!
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Scaling in Electrostatics Forces

Electrostatic forces in misaligned electrodes are obtained by:
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Scaling in Electrostatics Forces

So, we may conclude that electrostatic forces:
Fd, FW, FL α l2

Scaling: A 10 times reduction in electrode linear Scaling: A 10 times reduction in electrode linear 
dimensions → 102 = 100 times reduction in 
the magnitude of the electrostatic forces.
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MEMS Design considerations
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