Thermoelectricity: From Atoms to
Systems

Week 3: Thermoelectric Characterization
Lecture 3.5: Thermoreflectance Laser Characterization

By Ali Shakouri

Professor of Electrical and Computer Engineering
Birck Nanotechnology Center

Purdue University

PURDUE
w UNIVERSITY




Thin Film Thermal Characterization (
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Metal film is heated by laser pulse and it acts both as a heat

source and a transducer (creates acoustic waves). It can

characterize thermal interface resistances as well as interface
guality (acoustic mismatch).
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» Modulated & delayed femtosecond laser pulse used as a Pump.
= A Probe beam measures reflectivity variation on the surface
= The lock-in amplifier gives the In-phase (V) and Out-of-phase (V) signals.
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Heat Decay at different modulation frequencies (%efs-t\l
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Frequency-Dependent Thermal Conductivity (%E/S-t\l
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Cummlative Ko VS. mf at 300K (Quje@!
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Frequency-Domain Thermo Reflectance (FDTR) (%E/S-t\
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Diffusive or Ballistic Propagatlon of Heat (qJe/-\I
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Temperature profile inside SiGe at dlfferent <C\Le/\|
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Distance (meter) Paul Abumov (MS Thesis)
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Ballistic/Diffusive Heat Transport <C{L_J/e/8t\|
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Ballistic phonons as internal heat source in
Fourier diffusion equation (Hypothesis)
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+25% - Theory
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Bjorn Vermeersch, Gilles Pernot, Paul Abumov et al. (ITherm 2012)
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Lectue 3.5: Summar

 Time-Domain Thermo Reflectance
— Experimental setup
— Fitting of experimental data (ratio curve)
— Apparent frequency-dependent thermal conductivity

* Frequency-Domain Thermo Reflectance

e Ballistic vs. Diffusive heat conduction

— Hyperbolic (Cattaneo) equation

— Beyond “ballistic phonons don’t contribute to
thermal conduction”. should NOT use Fourier
eqguation (see: B. Vermeersch et al. 2013-14)

L
PURDUE A. Shakouri nanoHUB-U-Fall 2013



	Lecture 3.5: Thermoreflectance Laser Characterization
	Thin Film Thermal Characterization
	Time Domain ThermoReflectance
	Optical sampling by TDTR
	Optical sampling by TDTR
	Heat Decay at different modulation frequencies
	Frequency-Dependent Thermal Conductivity
	Effect of ErAs nanoparticles
	Thermal penetration length
	Cummulative kph vs. mfp at 300K
	Roll of Ballistic Heat Transport (current theory)
	Frequency-Domain Thermo Reflectance (FDTR)
	Diffusive or Ballistic Propagation of Heat
	Temperature profile inside SiGe at different times
	At what range ballistic heat transport matters?
	Ballistic/Diffusive Heat Transport
	Ballistic phonons as internal heat source in Fourier diffusion equation (Hypothesis)
	Temperature of metal surface on SiGe
	Apparent Thermal Conductivity: k(w)
	Lecture 3.5: Summary

