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MEMS Sensor

 MEMS- Micro Electro-Mechanical Systems. Also called Microsystems 
Technology (MST).

 Electro-mechanical systems with miniaturized mechanical & electrical 
elements manufactured using microfabrication techniques.

 Range – few microns to cm.



Key features of MEMS sensor

 Miniaturization –

 Small in size (few microns to cm)

 Operational advantages like super sensitivity, low thermal reach, less intrusive (for 
example – in biomedical applications like probes)

 Micro electronics integration –

 Embedded with computing, (sometimes networking & decision-making) 
capabilities.

 Monolithic integration – fabrication of various components on a single substrate 
in an unbroken wafer level process flow.

 Monolithic integration improves quality of signal by decreasing the length of 
signal path & noise.



Key features of MEMS sensor (Cntd…)

 Parallel fabrication with precision –

 Can realize 2D or 3D features with small dimensions & precision which are difficult 
with traditional machining tools.

 Mass production is possible.

 Low Power Consumption-

 Energy-efficient, making them ideal for battery-powered devices such as IoT 
sensors, wearables, and portable medical devices.

 Cost effective



Components of MEMS sensor

 Micro Sensors –

 Physical – force, acceleration, pressure, temp., flow 
etc.

 Chemical/Biological – pH, concentration, binding 
strength etc.

 Characteristics to be considered for sensor 
selection/design – linearity, sensitivity, accuracy, 
precision, resolution, range, interference/cross talk, 
cost, etc (NOTE – these characteristics are already 
discussed in detail earlier, hence no definition is 
provided here).



Components of MEMS sensor (Cntd…)

 Micro Actuators –

 Convert non-mechanical energy to mechanical energy like 
generating movements by using electrostatic force, 
piezoelectricity or thermal expansion.

 Criteria when considering actuator selection/design-

 Torque & force output capacity

 Range of motion – linear or rotary

 Dynamic response speed & bandwidth

 Power consumption & efficiency

 Linearity of displacement as a function of driving bias

 Cross sensitivity & environmental stability

 Footprint – total chip area actuator will occupy.



Components of MEMS sensor (Cntd…)

 Micro Electronics –

 Processes the signals generated by the sensors & converts them into usable data 

 Can be filter, amplifier, clipper, clamper etc.

 Micro Structure –

 Refers to the structure on which all the previously described components are placed.

 Can be called a substrate or wafer.

 Most commonly made of silicon.



Types/ Applications of MEMS sensor

 Accelerometers – measures acc. Forces. Used in smartphones screen 
rotation, airbags, fitness trackers, etc.

 Gyroscopes – measures rotational motion. Used in drone stabilization, game 
controllers, etc.

 IMU – Inertial Measuring Unit. Combination of Gyro & Accelerometer. Used 
in drones, robotics, & defence vehicles.

 Pressure Sensors – used in tire pressure monitoring, medical devices

 Microphones- used in mobile phones, hearing aids, etc.

NOTE – refer book shared to study various MEMS sensors & their working



Difference between MEMS & Macro 
sensor

Macro sensorMEMS sensorParameter

Bulky, larger in sizeExtremely smallSize & scale

Traditional 
mechanical 
machining & assembly

Photolithography, 
etching, deposition

Fabrication 
techniques

Micro-scale 
production

PossibleMass production

Comparatively higherLowCost per unit

Comparatively higherLowPower consumption

External signal 
conditioning required

Integrated/In-builtSignal processing

RobustCan be sensitive to 
temp., humidity, stress

Environmental 
sensitivity



Microfabrication
 Process to crate miniature structures.

 Made on single crystal silicon wafers.

 Bulk Si with a crystalline structure doesn’t exist so it has to be made.

 Single Si seed is dipped in molten Si & drawn out forming Si crystals in atmosphere. Rods of 
Si crystals with various dia & longitudinal orientation can be formed. 

 Rods are sawed into thin circular slices & polished to form wafers.

 Process used- photolithography, etching, deposition.
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Photolithography

 Objective – to produce fine features (patterns on the substrate) on wafers.

 Involves deposition of photo-sensitive chemicals called photo-resists or resists, on Si wafer, 
exposing it with light (UV) through a mask & removing photoresist material modified by 
light.

 Components of Photo-resist

 Base material – polymer that forms pattern

 Sensitizer – photosensitive agent

 Solvent – to keep photo resist liquid then evaporate on baking

 Types of photo resist –

 Positive – becomes soluble in wet chemical developer

 Negative - becomes insoluble in developer.



Photolithography (Cntd…)
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Photolithography (Cntd…)

 Photo resist coating is done via spin 
coating. Then, the substrate is soft-
baked to harden the photoresist layer.

 A resist puddle is applied to the center 
portion of the wafer from a dispenser. 
The wafer is then subjected to high-
speed spinning at a rotational speed 
that varies from 1500 to 8000 rpm for 
10 to 60 seconds. 



Photolithography (Cntd…)

 Due to the centrifugal force/spin the resist spreads uniformly forming a layer on the 
substrate.

 The speed depends on the type of resist, desired thickness and uniformity of the resist 
coating. The thickness is between 0.5 and 2µm with ±5 nm variation 

 A common problem is the bead of resist that occurs at the edge of the wafer as shown in 
Figure (b) These beads can be bigger than the size of the resist. The uniformity of the 
coating can be increased and the thickness of the edge beads can be reduced by 
controlling the spin speed. 



Photolithography (Cntd…)

 A photo resist is first coated onto the flat 
surface of the substrate.

 The substrate with photoresist is then 
exposed to a set of lights(high energy, 
collimated light rays) through a 
transparent mask with the desired 
patterns. Masks used for this purpose are 
often made of quartz .



Photolithography (Cntd…)

 Photoresist materials change their solubility when they are exposed to light, they become 
soluble and called as positive photoresists. The retained photoresist materials create the 
imprinted patterns after the development.

 Now substrate with the photoresist is dipped in a developing solution where +ve resist will 
become soluble & leave a permanent pattern.



Thin-film fabrication techniques
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 Thin film is a layer of material with thickness in the range of nm to μm.

 Importance – improves surface properties like higher conductivity, corrosion 
resistance, reflection, hardness, etc.



PVD

 Deposition – Process used to create thin or thick layers of substance atom-
by-atom or molecule-by-molecule.

 Material to be deposited is vaporized and then condensed on substrate at 
the atomic or molecular level.
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PVD (Cntd…)
 Types of PVD –

 Thermal Evaporation –

 Material is heated in a vacuum until it vaporizes. Heating can be done via resistive 
heating or laser heating.

 Arc Ion evaporation –

 Impurities such as vapor in air are reduced to create a vacuum.

 Substrate is heated to remove its moisture.

 Etching is done where Argon (Ar) ions are generated from plasma source & impacted 
on the substrate with force.

 Coating – arc discharge is conducted by vaporizing the metal material into a plasma 
state & ionizing the film forming elements.

 -ve voltage is applied to substrate to be coated & ionized elements (Ar+) impacted with 
force are deposited

Vacuum 
exhaust Heating Etching Coating



PVD (Cntd…)
 Types of PVD –

 Arc Ion evaporation –

 Advantages – High deposition rates, can deposit hard coatings like titanium nitride (TiN) 
or diamond-like carbon.

 Applications – coating cutting tools

 Electron beam evaporation –

 Electron beam is focused on target material providing enough energy to vaporize it.

 Advantages – high precision

 Applications – optical coatings, semiconductor manufacturing



PVD (Cntd…)
 Advantages of PVD –

 Thin & uniform films

 Versatility

 Environmental friendliness

 Strong adhesion

 Improved surface properties like hardness, wear resistance, low contamination.

 Disadvantages of PVD –

 Complex equipment

 Line-of-sight deposition i.e., surface not directly exposed to vapor may not 
receive even coating

 May require high temperature



Sputtering

 Process in which atoms in solid state are released & passed into the gas 
phase by bombardment with energetic ions (mainly noble gas).

 Ion Bombardment - Ejecting atoms or molecules from target material 
through bombardment by energetic ions. Inert gas like Ar is introduced in a 
vacuum chamber. High voltage electric field is applied to ionize the gas 
creating a plasma.

 Ejection of atoms – When energetic ions strike the surface of target material
they transfer energy. The energy dislodges or ‘sputters’ the atos by ejecting 
them into gas phase.

 Transport - These ejected atoms travel through vacuum.

 Film deposition – after enetering the chamber the deposit on the substrate.



Sputtering (Cntd…)

 Types of sputtering –

 Magnetron - magnetic field is used to trap electron near target material 
increasing the ionization of plasma. The electron spiral around magnetic field 
lines creating more collisions with the gas atoms generating dense plasma near 
target.

 Reactive – reactive gas like oxygen or nitrogen is introduced along with Ar. 
Sputtered material reacts with reactive gas to form oxidied, nitrides etc & deposit 
on substrate.

 Ion-beam – instead of creating a plasma, focused beam is directed at target 
material to sputter.

 Advantages of sputtering – similar to PVD

 Disadvantages of sputtering –

 Low deposition rates

 High cost



CVD
 2 or more active species arrive at the 

vicinity of the wafer surface & react 
under favourable condition.

 Involves flow of gas with diffused 
reactants over a hot surface. The gas 
that carries the reactants is called 
‘carrier gas’.

 The energy supplied by the surface
temp. provokes chemical reaction of the
reactant forming a film

 The by-products are vented out

 Conditions for Low Pressure CVD –

 Pressure – 0.2-2 torr

 Gas flow – 1-10 cm3/s

 Temp. – 300 ° -900°C

Carrier gas 
in chamber

Chemical 
reaction on 

contact

Film 
formation Film growth



Thick-film fabrication technique

Substrates Inks Screen 
Printing Drying Firing/Sinterin

g Trimming Inspection
/Testing Encapsulation

 Substrates –

 Most commonly used ceramics usually alumina (Al2O3) due to its high 
mechanical strength, chemical resistance & thermal stability.

 Other substrates like porcelainized steel, organic materials like epoxies, flexible 
substrates even synthetic diamond.

 Inks –

 Prepared by mixing powder with solvent/polymer paste.

 Different formulation of pastes are used to produce- conductors, resistor, 
dielectrics, binder (a glassy frit).

 Functional material – metal powder. Ex – Ag, Au, Pt for conducters. Metal oxides 
for resistors or ceramic powders for dielectrics



Thick-film fabrication technique
(Cntd…)

 Inks –

 Binder – an organic polymer or resin that helps the paste maintain its form.

 Solvent – a liquid carrier that dissolves the binder ensuring right viscosity for
printing.

 Screen printing –

 A stencil/mesh screen is often made of steel/polyester and is placed over the 
substrate & the paste is spread using a squeegee.

 Layer thickness depends on mesh size, viscosity of paste & pressure applied 
during printing.

 This way allows precise control over pattern, suitable for crating intricate circuit 
layouts & sensors.



Thick-film fabrication technique 
(Cntd…)

 Drying -

 After screen printing, the paste contains solvent & binder which need to be
removed.

 So printed substrate is placed in an oven & dried at moderate temp (80 ° -150°C) 
for few mins.

 Firing/Sintering –

 Done at high temp. 500 ° -900°C.

 Removes organic binders & causes metllic/ceramic particles in the paste to
bond together stronger.

 Mechanism – at high temp., particles in the paste fuse forming a continuous
conductive or resistive film. This process enhances mechanical strength, electric 
conductivity & adhesion of fim substrate.

 May require controlled atmosphere to prevent oxidation.



Thick-film fabrication technique 
(Cntd…)

 Trimming -

 After sintering, the resistance or performance of resistive or capacitive 
components may need fine tuning.

 This is done via trimming where laser removes small portion of material.

 Can be done in open loop i.e., estimating the material to be removed or in 
closed loop i.e., real time monitoring.

 Inspection & testing –

 Tested to ensure proper functionality including correct resistance, capacitance, 
or inductance.

 Encapsulation –

 Optional 

 To protect from moisture, dust or mechanical wear.

 Done via protective coating or sealing compound.



Thick-film fabrication technique 
(Cntd…)

 Types of thick film techniques –

 Screen printing – patterned mesh screen used for printing

 Stencil printing – metal stencil used for printing

 Plasma spray coating –

 Material in powder form is injected at high temperatures plasma jet where it melts & is 
sprayed onto the surface. Particles cool & solidify forming a thick, dense coating.

 Used in protective coating industries where corrosion & wear resistance are critical

 Advantages – high deposition rates & ability to deposit thick , durable films

 Electroplating –

 Conductive substrate is submerged in solution of metal ions, By applying current, metal 
ions are reduced (gain of electrons) & deposit on surface.

 Used for metals like Au, Cu, and Ni in PCBs.

 Advantages – excellent control over film thickness & is capable of producing thick, high 
quality films.



Thick-film fabrication technique 
(Cntd…)

 Types of thick film techniques –

 Dip coating –

 Substrate is dipped into solution containing desired film material & withdrawn at 
controlled speed. Thickness of film depends in viscosity of solution & withdrawal speed.

 Advantages – simple, can coat complex shapes.



Sensors for robotics

 Proximity sensors -

 IR sensor

 Ultrasonic sensor

 Capacitive/Inductive sensor

 Vision sensors -

 2D camera

 3D camera

 LIDAR – Light Detection And Ranging

 Touch/Tactile sensors -

 Force sensitive sensors

 Piezoelectric sensor

 Capacitive touch sensor



Sensors for robotics (Cntd…)

 Position & motion sensor -

 Encoders

 Gyroscopes

 Accelerometers

 IMU – Inertial Measuring Unit 

 Force & torque sensor -

 6-axis force/torque sensor

 Strain gauges

 Temperature sensor

 Sound sensor/microphone

 Gas sensors



Sensors for robotics (Cntd…)

 Light sensor -

 LDR

 Photodiode

 Phototransistor

 Biosensors

 Magnetic sensors




















