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COURSE ACTIVITIES
• 10 LECTURES

• LABORATORY WORK, WRITTEN REPORTS

• Attend scheduled class!

• Trondheim students have local laboratory work, HIST is responsible

• WRITTEN EXAM IN JANUARY• WRITTEN EXAM IN JANUARY

• ISBN 0-471-54609-7 “Semiconductor sensors” S.M.Sze

• http://apachepersonal.miun.se/~bornor/sensor/



LECTURE PLAN
• L1 CLASSIFICATION AND TERMINOLOGY OF SENSORS

• L2 SEMICONDUCTOR SENSOR TECHNOLOGIES

• L3 ACOUSTIC SENSORS

• L4 MECHANICAL SENSORS

• L5 MAGNETIC SENSORS• L5 MAGNETIC SENSORS

• L6 RADIATION SENSORS

• L7 THERMAL SENSORS

• L8 CHEMICAL SENSORS

• L9 BIOSENSORS AND INTEGRATED SENSORS



CLASSIFICATION AND 
TERMINOLOGY OF SENSORS

THE SENSOR PRODUCE IN MOST CASE AN ELECTRICAL SIGNAL



CLASSIFICATION SCHEME







• Hysteresis Ambient Conditions Allowd

• Linearity Full Scale Output (FSO)

• Measurand Range

• Offset

• Operating Life

SENSOR CHARACTERIZATION

• Output Format

• Overload Characteristics

• Repeatability

• Resolution

• Selectivity

• Sensitivity

• Speed of Response

• Stability



1958 Discovery phase

1965 Basic Technology 

Development phase

SENSOR 
EVOLUTION EXAMPLE

Development phase

1975 Batch process 

phase

1985 Micromachining 

phase



• 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 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

CHAPTER 2



SEMICONDUCTOR SENSOR TECHNOLOGIES

Advantage with silicon processing

• Well developed processing technology, 
where the microprocessor and memory 
manufactures have pushed the technology 
to a sub µm scale.to a sub µm 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 • 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– Etching



SEMICONDUCTOR SENSOR TECHNOLOGIES

• BASIC FABRICATION STEPS

– Deposition

• Spin Casting

• Evaporation

• Sputtering• Sputtering

• Reactive growth

• Chemical Vapour deposition

• Plasma deposition



SPIN CASTING



SPIN CASTING



EVAPORATION



EVAPORATION



SPUTTERING



SPUTTERING



SPUTTERING



SPUTTERING



MATERIAL: SILICON

Growth of silicon dioxide, SiO2

REACTIVE GROWTH



REACTIVE GROWTH

• Etching mask



REACTIVE GROWTH
•OXIDATION

–Dry oxidation “pure O2”

–Wet oxidation 

•“Water steam” pyrolysis of 
H in a O -ambientH2 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•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• 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 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• 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• Epitaxi silicon

• Silicon Nitride (LPCVD)

• 300-500 MT 700-900 C

• Silicon dioxide

•Silicon 

dioxide



SURFACE MICROMACHINING

• THIN FILM ETCHING

– Silicon dioxide

• Isotropic etching

– DILUTED HF OR BUFFERED HF (BUFFERED WITH AMMONIUM-

FLUORIDE)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
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