
SENSOR DEVICES 
ACOUSTIC WAVE SENSOR



OUTLINEOU
• 3 Acoustic Wave Sensor

•High sensitivityHigh sensitivity

•chemical vapour, gas sensing

O ill i l i MH GH•Oscillation-elastic waves  MHz-GHz

•Delay time
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Atoms in solid are forced intoAtoms in solid are forced into 
vibratory motion
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TSM thickness shear mode
SAW surface acoustic waveSAW surface acoustic wave
FPW flexural plate wave
APM acoustic plate modep



ACOUSTIC WAVE SENSORSACOUSTIC WAVE SENSORS

How can we get the material toHow can we get the material to 
oscillate?

Piezoelectric effect!Piezoelectric effect!
Stress result in voltage
Voltage result in strain
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EXAMPLE OF PIEZO MATERIAL
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CHRYSTAL DIRECTION
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VIBRATION MODES
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THIN FILM THICKNESS MEASUREMENT (TSM)

Specifications
C t l S I d t t d d 6• Crystal Sensor: Industry standard 6 

MHz Max
• Temperature: 

ºC O S150ºC 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

SiO2 (Quartz)
N t l– Natural

– Synthetic
ZnO (Zinc Oxide)ZnO (Zinc Oxide)

– High piezoelectric coupling
– stability

M t tt i• Magnetron sputtering

AlN (Aluminium Nitride)
– High acoustic velocity (GHz region)High acoustic velocity (GHz region)
– Reactive Magnetron sputtering
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Properties of piezoelectric thin film

AlN (Aluminium Nitride)
– Reactive Magnetron sputteringg p g
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Properties of piezoelectric thin film

Pb(Zr, Ti)O3 (PZT)
Hi h t Pi li f t (10 ti hi h )–Highest Piezo coupling factor (10 times higher)

–Large pyroelectric response (infra red sensitive)
E b ti• E-beam evaporation

• RF sputtering
• Sol-GelSol Gel
• Laser ablation
• ….
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Properties of piezoelectric thin film
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Gas sensor SAWGas sensor SAW

Coating absorb mesurandg

Problem!  temperature 
d ddependence
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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



ACOUSTIC WAVEACOUSTIC WAVE 
SENSORS

Processing of aProcessing of a 
Cantilever beam in 
siliconsilicon
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Monolithic 

l taccelerometer 
compatible with 
t d dstandard 

processing 
technologtechnology
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Test structure to investigate g
etching properties and 
constraints in fabrication of 
silicon dioxide cantilever beamssilicon dioxide cantilever beams
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CROSS SECTION OF THE CANTILEVER-
BEAM ACCELEROMETERBEAM ACCELEROMETER
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SCHEMATIC LAYOUT
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Top view, indicating 
th f 9 kthe use of 9 masks
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FPW Sensor
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CANTILEVER-RESONATOR
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SURFACE BEFORE DEPOSITION OF 
CAVITANDS
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S f ft d iti f
Measuring concentration of toulene

Surface after deposition of 
cavitands


