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PHOTOTHERMAL  EFFECTS



PHOTOTHERMAL  TECHNIQUES
Photothermal reflection  scheme
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PHOTOTHERMAL  TECHNIQUES
Photoreflectance scheme



PHOTOTHERMAL  TECHNIQUES
Photoreflectance microscope
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PHOTOTHERMAL  TECHNIQUES
Radiometric technique
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PHOTOTHERMAL  TECHNIQUES
Photoacoustic technique
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PHOTOTHERMAL  TECHNIQUES
Photopyroelectric technique
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PHOTOTHERMAL  TECHNIQUES
Other optical techniques
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PHOTOTHERMAL  TECHNIQUES
Photothermal deflection technique
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PRINCIPLE  OF  PHOTOTHERMAL  DEFLECTION
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SIGNAL  DETECTION
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•Thermal diffusivity and effusivity measurements

•Absorption spectroscopy

•Effusivity and optical absorption depth profiling 

•Measurement of the attenuation in optical waveguides

•Evaluation of the thickness of thin layers

•Trace gas analysis

•Characterization of metallic surfaces

Main applications



Experimental Setup
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Photothermal Deflection Spectroscopy on AlN

0

0.2

0.4

0.6

0.8

1.0

400 500 600 700
Wavelength, nm

N
or

m
al

iz
ed

 S
ig

na
l, 

a.
u.

PDS

Optical reflectance 0°

calculated optical absorbance 0°
θ

Si

AlN

probe



Device under test
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3D Photonic crystal: SiO2 synthetic opal



Characterization of VO2/SiO2 invese opals
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•Thermal diffusivity measurements

•Absorption spectroscopy

•Effusivity and optical absorption depth profiling 

•Measurement of the attenuation in optical waveguides

•Evaluation of the thickness of thin layers

•Trace gas analysis

•Characterization of metallic surfaces

Main applications



THE  HEAT  DIFFUSION
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THEORY OF THERMAL WAVES
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PLANE THERMAL WAVE



PLANE THERMAL WAVE
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THERMAL  WAVE  GENERATION
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Plane “thermal wave”
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Measured temperature oscillations during the year in depth
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Transverse configuration
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THERMAL  WAVE  REFLECTION AND REFRACTION
for plane waves
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THERMAL  WAVE  REFLECTION
experimental evidence
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THERMAL  WAVE  REFLECTION
experimental evidence
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THERMAL  WAVE  REFLECTION
experimental evidence
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THERMAL  WAVE  REFRACTION
experimental evidence
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THERMAL  WAVE  REFRACTION
experimental evidence
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ANOMALOUS  THERMAL  REFRACTED  FIELD
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THERMAL  WAVE  REFRACTION
experimental evidence
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THERMAL  WAVE  INTERFEROMETRY

BASIC PRINCIPLE 

To generateplane thermal wavesof a given frequency at the front surface of the sample by
heating it periodically with a pump laser beam.

The wavespropagate inside the structure and, if they approach a buried layer with
different thermal properties, they are partiallyreflectedgiving rise, together with the
incident waves, to an interference effect at the front surface.

DETECTION 

APPLICATIONS 

Photoacoustic

Radiometry

Photothermal Deflection techniques

Nondestructive evaluation of the thermophysical properties and 

the thickness of layered samples
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THERMAL  WAVE  INTERFEROMETRY
Diffusivity measurement by Mirage
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THERMAL  WAVE  INTERFEROMETRY
Diffusivity measurement by Mirage
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Diffusivity measurement by Mirage
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THERMAL  WAVE  INTERFEROMETRY
Diffusivity measurement by Mirage – Reflectivity
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•Thermal diffusivity and effusivity measurements

•Absorption spectroscopy

•Effusivity and optical absorption depth profiling 

•Measurement of the attenuation in optical waveguides

•Evaluation of the thickness of thin layers

•Trace gas analysis

•Evaluation of the photoelastic constants  

Main applications
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IR PDS device for trace gas analysis

Ge, Brewster angle

Gas chamber 

He-Ne probe

CO2 pump
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Trace Gas Analysis – Infrared Photothermal Deflection Spectroscopy
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PLANE  THERMAL  WAVE  RESONATOR
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• PHOTOTHERMAL  TECHNIQUES

• PRINCIPLE OF PHOTOTHERMAL DEFLECTION

•THE HEAT DIFFUSION

• MEASUREMENT OF THERMAL DIFFUSIVITY

• OTHER APPLICATIONS

CONCLUSIONS


