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Thermal processes in metals
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contacts in transistors
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Outline

•The transient thermoreflectance technique (TTR)
•Thermal conductivity measurements of metalized layers
•Electron-phonon coupling factor measurements in metal 
films

•Effects of interface scattering

•Electron scattering in nanoporous metals
•Electron-phonon coupling enhancement due to d-
band excitations

•Ballistic transport
•Interface scattering



TTR technique
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Thermal processes measured with 
the TTR technique

Free Electrons Absorb Laser Radiation

Electrons Transfer 
Energy to the Lattice

Thermal Diffusion 
by Hot Electrons

Thermal Equilibrium

Thermal Diffusion within Thin Film

Thermal Conductance across the
Film/Substrate Interface

Electron-Phonon
Coupling (~2 ps)

Thermal Boundary (~2 ns)
Conductance

Thermal Diffusion within 
Substrate

Substrate Thermal Diffusion 
(~100 ps – 100 ns)

Thin film thermal 
conductivity (~100 ps)

Thermal processes in metal films



TTR data

Thermal diffusionElectron-phonon coupling



Determining the thermal conductivity, 
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Utilize lock-in signals to
deduce thermal diffusion 

phenomena

Must know analytical form of 
surface temperature rise



Determining the thermal conductivity, 

Extended to measure thermal 
conductivity of multilayer films

To be presented at 
ASME IMECE in 

November
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Determining the electron-phonon
coupling factor, G

TaR 

Advantage: Do not need to 
know analytical form of T

T
Temperature rise determined 

from thermal model


Pulse accumulation from lock in 

phase

Lock in magnitude is 
proportional to temperature rise 

through a (thermoreflectance 
coefficient)

Disadvantage: R contains 
instrument noise where X/Y

noise cancels out



Determining the electron-phonon
coupling factor, G
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The two temperature model (TTM)

Note large change in 
temperature at early pump-

probe time delays



Determining the electron-phonon
coupling factor, G

The thermoreflectance coefficient

pe TT  &

From TTM

pe TbTaR 

Phase corrected data

Linear 
thermoreflectance 
relation only valid 
when T < 150 K Consider Drude

model
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Nonlinear thermoreflectance relation for free 
electron metals



Determining the electron-phonon
coupling factor, G

G is a material property.  For Au, G = 3x1016 W m-3 K-1.
Measured G changes with film thickness.  Why?



Outline

•The transient thermoreflectance technique
•Thermal conductivity measurements of metalized layers
•Electron-phonon coupling factor measurements in metal 
films

•Effects of interface scattering

•Electron scattering in nanoporous metals
•Electron-phonon coupling enhancement due to 
d-band excitations

•Ballistic transport
•Interface scattering



Influence of electron-interface
scattering on G

Hopkins et al., Journal of Applied Physics, 105, 023710 (2009) 

Film thickness and substrate 
dependence suggests electron-

interface scattering.

Use 3 temperature model (3TM) to 
determine hes



Influence of electron-interface
scattering on thermoreflectance

The thermoreflectance coefficient

Consider Drude model that accounts 
for electron-interface scattering
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Hopkins, Journal of Applied Physics, 105, 093517 (2009) 



Outline

•The transient thermoreflectance technique (TTR)
•Thermal conductivity measurements of metalized layers
•Electron-phonon coupling factor measurements in metal 
films

•Effects of interface scattering

•Electron scattering in nanoporous metals
•Electron-phonon coupling enhancement due to d-
band excitations

•Ballistic transport
•Interface scattering



Thermal properties of nanoporous metals
“Matrix” of nanowires

Hopkins et al., Journal of Nanomaterials, 2008, 418050 (2008) 

Thermal properties should show influence from ligament-boundary scattering



Effect of electron-phonon nonequilibrium and 
boundary scattering on thermal conductivity
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Effect of electron-phonon nonequilibrium and 
boundary scattering on thermal conductivity

Hopkins et al., Journal of Nanomaterials, 2008, 418050 (2008) 



G in nanoporous metals
Nanoporous metal fabrication at CINT

Collaborators: Amit Misra and Hongqi Li

Au-8

Au-9

Au-13


