
Sensor devices 



Outline

• 3 Acoustic Wave Sensor

•High sensitivity

•chemical vapour, gas sensing

•Oscillation-elastic waves  MHz-GHz

•Delay time



Acoustic Wave Sensors

•Atoms in solid are forced into 
vibratory motion



Acoustic Wave Sensors

•TSM thickness shear 
mode
•SAW surface acoustic 
wave
•FPW flexural plate wave
•APM acoustic plate 
mode



Acoustic Wave Sensors

How can we made the material 
to oscillate?

Piezoelectric effect!
Stress result in voltage
Voltage result in strain
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Example of Piezo material



Acoustic Wave Sensors
Chrystal direction



Acoustic Wave Sensors
Vibration Modes
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Acoustic Wave Sensors
Thin film thickness measurement (TSM)

Specifications
• Crystal Sensor: Industry standard 6 
MHzMax
• Temperature: 
150ºC In-Vac Oscillator Sensor
• Sensor Mounting: Rear of body, #4-40 
Tapped
• Materials: 304 SS, Alumina, Teflon
• Crystal: Quartz with Gold Electrodes
• Water Temp: 50ºC
• Connection: Microdot Miniature
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Properties of piezoelectric thin film



Acoustic Wave Sensors
Properties of piezoelectric thin film
• SiO2 (Quartz)

– Natural
– Synthetic

• ZnO (Zinc Oxide)
– High piezoelectric coupling
– stability

• Magnetron sputtering
• AlN (Aluminium Nitride)

– High acoustic velocity (GHz region)
– Reactive Magnetron sputtering



Acoustic Wave Sensors
Properties of piezoelectric thin film

• AlN (Aluminium Nitride)
– Reactive Magnetron sputtering



Acoustic Wave Sensors
Properties of piezoelectric thin film

• Pb(Zr, Ti)O3 (PZT)
– Highest Piezo coupling factor (10 times higher)
– Large pyroelectric response (infra red sensitive)

• E-beam evaporation
• RF sputtering
• Sol-Gel
• Laser ablation
• ….
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Properties of piezoelectric thin film
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•Gas sensor SAW

•Coating absorb mesurand

•Problem! temperature 
dependence
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Working principle SAW
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SAW in a oscillator circuit
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Comparison between TSM and SAW
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Example of FPW
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Example of FPW
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Example of FPW



Acoustic Wave Sensors

•Processing of a Cantilever 
beam in silicon



Acoustic Wave Sensors

•Monolithic accelerometer 
compatible with standard 
processing technology
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Test structure to investigate 
etching properties and 
constraints in fabrication of 
silicon dioxide cantilever beams
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•Cross section of the 
cantilever-beam 
accelerometer
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Schematic layout



Acoustic Wave Sensors

Top view, indicating the use 
of 9 masks
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FPW Sensor



Acoustic Wave Sensors
Cantilever-Resonator



Acoustic Wave Sensors

Surface before deposition of 
cavitands
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Surface after deposition of cavitands
Measuring concentration of toulene


	Outline
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors�Example of Piezo material
	Acoustic Wave Sensors�Chrystal direction
	Acoustic Wave Sensors�Vibration Modes
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors�Thin film thickness measurement (TSM)
	Acoustic Wave Sensors�Properties of piezoelectric thin film
	Acoustic Wave Sensors�Properties of piezoelectric thin film
	Acoustic Wave Sensors�Properties of piezoelectric thin film
	Acoustic Wave Sensors�Properties of piezoelectric thin film
	Acoustic Wave Sensors�Properties of piezoelectric thin film
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors�Working principle SAW
	Acoustic Wave Sensors�SAW in a oscillator circuit
	Acoustic Wave Sensors
	Acoustic Wave Sensors�Comparison between TSM and SAW
	Acoustic Wave Sensors�Example of FPW
	Acoustic Wave Sensors�Example of FPW
	Acoustic Wave Sensors�Example of FPW
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors
	Acoustic Wave Sensors�FPW Sensor
	Acoustic Wave Sensors�Cantilever-Resonator
	Acoustic Wave Sensors
	Acoustic Wave Sensors

