
Sensor devices 



Outline

• Planning

•1 Classification and terminology of sensors

•2 Semiconductor Sensor Technologies



Planning

• 10 Lectures
• Laboratory work “Processing of  silicon x-ray and ionised 

particle detector”
• Processing in clean room , 3 groups 
• Characterisation with alpha source and x-ray
• Written report

• “Home” written exam, hand in latest ,16 of January, 
• ISBN 0-471-54609-7 “Semiconductor sensors” S.M.Sze
• http://apachepersonal.miun.se/~gorthu/sensor/



Planning Lectures

• L1 Classification and Terminology of sensors
• L2 Semiconductor Sensor Technologies
• L3 Acoustic Sensors
• L4 Mechanical Sensors
• L5 Magnetic Sensors
• L6 Radiation Sensors
• L7 Thermal Sensors
• L8 Chemical Sensors
• L9 Biosensors
• L10 Integrated Sensors 



Classification and terminology of 
sensors

The sensor produce in most case an electrical signal



Classification Scheme
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The scope of the course is to give an introduction of sensors 
in semiconductor and sensors on semiconductor. 

The most important and best developed processing is by 
using silicon technology. 

Important is also to understand the most basic conversion 
techniques and how the sensors are processed/ 
manufactured. 

Moreover, which type of sensor should be used in a 
particular situation is of importance



Semiconductor Sensor Technologies

Advantage with silicon processing
Well developed processing technology, where the microprocessor 

end memory manufactures have pushed the technology to a sub 
um scale.

Batch processing result in a large number of sensors fabricated 
simultaneously at a low cost.



Semiconductor Sensor Technologies

Modern Semiconductor technology are based on planar 
techniques, i.e. 3 dimensional devices are built using 
stacked layer with different 2 dimensional pattern.

Surface –micro machined sensor are based on planar 
techniques

However, Bulk- micro machined sensor  are primarily 
constructed made by accurate machining of relative thick 
substrates



Semiconductor Sensor Technologies

• Important processing steps to fabricate a sensor are
– Deposition
– Lithography
– Etching



Semiconductor Sensor Technologies

• Basic fabrication Steps
– Deposition

• Spin Casting
• Evaporation
• Sputtering
• Reactive growth
• Chemical Vapour deposition
• Plasma deposition



Spin casting



Spin casting



Evaporation



Evaporation



Sputtering



Sputtering



Sputtering



Sputtering



Reactive growth

Material: Silicon
Growth of silicon dioxide, SiO2



Reactive growth

• Etching mask



Reactive growth

•Oxidation
–Dry oxidation “pure O2”
–Wet oxidation 

•“Water steam” pyrolysis of 
H2 in a O2-ambient



Reactive growth
Result of the Deal-Grove model for growth of silicon dioxide
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Reactive growth



Reactive growth



Chemical Vapour Deposition (low 
pressure)

•Deposition of thin film 
•Typical deposition on silicon

•Polycrystalline silicon
•Silicon dioxide, SiO2

•Silicon nitride, Si3N4



Chemical Vapour Deposition (low 
pressure)



Chemical Vapour Deposition (low 
pressure)

A lower value of sticking 
coefficient result in a higher 
surface mobility. 
A high value of surface mobility 
gives a better step covering and 
a conformal deposition



Plasma deposition

Film contains trapped hydrogen, which alter the etching resistance, properties 
improves after annealing



Semiconductor Sensor Technologies

• Basic fabrication Steps
– Lithography

• Mask making
• Alignment and Exposure
• Lift-off

– Etching
• Wet chemical etching
• Dry etching



Lithography



Lithography



Lithography



Lithography



Lithography



Lithography



Lithography



Lithography



Lithography



Lithography



Lithography

•Smaller objects need 
shorter wavelength
•But this result in a 
worse depth of focus, 
therefore there is a 
requirement for surface 
planarization



Lithography

•Lift-off •Etching



Etching

Boron Phosphorus silicate glass BPSG



Etching

Wet etching



Etching

Dry etching (plasma)



Etching



Etching



Semiconductor Sensor Technologies

• Bulk Micromachining
• Bulk materials
• Anisotropic silicon etching
• Wafer bonding

• Surface Micromachining
• Thin film Materials
• Thin Film etching
• Sacrificial etching



Bulk materials 

Bulk materials



Bulk materials



Bulk materials



Bulk materials



Bulk materials



Bulk materials



Anisotropic silicon etching

Etching speed

(110) > (100) > (111)

Selectivity
)111(
)100(

=S



Anisotropic silicon etching



Anisotropic silicon etching



Anisotropic silicon etching



Anisotropic silicon etching

Controlling of etch depth by;



Anisotropic silicon etching

Selectivity SiO2-Si(100)



Anisotropic silicon etching



Anisotropic silicon etching



Anisotropic silicon etching



Anisotropic silicon etching



Wafer bonding

Anodic bondning



Wafer bonding

Fusion bonding



Surface Micromachining

• Thin Film materials
• Poly silicon 
• Amorphous silicon
• Epitaxi silicon
• Silicon Nitride (LPCVD)

– 300-500 mT 700-900 C

•Silicon dioxide



Surface Micromachining

• Thin Film etching
– Silicon dioxide

• Isotropic etching
– Diluted HF or Buffered HF (buffered with Ammonium-fluoride)

• Anisotropic etching
– Reactive Ion Etching (RIE)

» 1:1 C2F6 and CHF3

– Silicon nitride
• Isotropic etching

» H3PO4 140-200 C
• Anisotropic etching same as silicon dioxide



Surface Micromachining

Sacrificial etching 



Surface Micromachining



Surface Micromachining

• Sealing 



LIGA



Examples



Examples



Examples



Examples (Trouble)



Examples
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