Thermal Properties
Characterization of Advanced
Materials: Application to
Nanoelectronics

Stefan Dilhaire

Laboratoire Ondes et Matiére d’Aquitaine
Université Bordeaux 1 - CNRS

2011 International
Conference on
Frontiers of
Characterization and
Metrology for
Nanoelectronics

Stefan Dilhaire

Motivation
Laser detection
AFM detection
Fault detection
Thermal Metrology

Laser Metrology

Laser temperature
measurement

Simulation

Heterodyne Picosecond
Thermorflectance

Thermal Metrology

SThM Metrology
SThM

Tip-surface interaction
modelling

SThMvs
Thermoreflectance



2011 International
Conference on

Outlook

Metrology for
Motivation R ara e A
Laser detection Stefan Dilhaire
AFM detection
Fault detection
Thermal Metrology

Laser Metrology at the Nanoscale
Laser temperature measurement
Simulation
Heterodyne Picosecond Thermorflectance
Thermal Metrology

SThM Metrology
Scanning Thermal Microscopy
Tip-surface interaction modelling
SThM vs Thermoreflectance

Case studies
Superlattices
Nanowires
Nano Dots

Acknowledgements



Motivation : Nano Earthquakes

10.V(0) 1wy p(O) mp AT(X,Y,0) >>>> 3 d(x,y,t)>>>>

Thermal wave

Thermoelastic wave

Laser

2011 International
Conference on
Frontiers of
Characterization and
Metrology for
Nanoelectronics

Stefan Dilhaire

Motivation
Laser detection
AFM detection
Fault detection
Thermal Metrology

Laser Metrology

Laser temperature
measurement

Simulation

Heterodyne Picosecond
Thermorflectance

Thermal Metrology

SThM Metrology
SThM

Tip-surface interaction
modelling

SThMvs



Motivation : Nano Earthquakes

10.V(t) 1wy p(O) mp AT(X,y,1) >>>> I d(X,Y,t)>>>>

Thermal wave Thermoelastic wave

Position detector
Laser

2011 International
Conference on
Frontiers of
Characterization and
Metrology for
Nanoelectronics

Stefan Dilhaire

Motivation
Laser detection
AFM detection
Fault detection
Thermal Metrology

Laser Metrology

Laser temperature
measurement

Simulation

Heterodyne Picosecond
Thermorflectance

Thermal Metrology

SThM Metrology
SThM

Tip-surface interaction
modelling
SThMvs
Thermoreflectance




Motivation : Nano Earthquakes omlrrcocn
Characterization and

Metrology for
Nanoelectronics

iy oy s ) mpisn))

AFM detection

Thermal wave Thermoelastic wave ~ "eeeer -
Laser Laser temperature
measurement
Simulation

Heterodyne Picosecond
Thermorflectance

Thermal Metrology

SThM
Tip-surface
modelling

SThM vs
Thermoreflectance

Orders of Magnitude 20 ot
» Temperature elevation : AT = 1K o0 Nara Do
» Heat Source Thickness : e = 100nm
» Expansion coefficient : o« = 107°

» Surface expansion : a.e. AT =



Stefan Dilhaire

Fault detection




Stefan Dilhaire

Fault detection




Stefan Dilhaire

Thermal Metrology




Motivation : Material Thermal Properties
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Motivation : Time and Space scales
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SThM vs Thermoreflectance

Performances SThM
» Temperature sensitivity 100:/<
+ Thermal Lateral resolution 10077
+ Topographic Lateral resolution 1077
+ Time resolution 10 ~ 1005

Performances Picosecond Thermoreflectance

« Temperature sensitivity 100/<
# Thermal Lateral resolution 1.1
« Time resolution 100/s

2011 International
Conference on
Frontiers of
Characterization and
Metrology for
Nanoelectronics

Stefan Dilhaire

Motivation
Laser detection
AFM detection
Fault detection
Thermal Metrology

Laser Metrology

Laser temperature
measurement

Simulation

Heterodyne Picosecond
Thermorflectance

Thermal Metrology

SThM Metrology
SThM
Tip-surface interaction
modelling
SThMvs
Thermoreflectance




Case studies : Super Lattices
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Thermal Conductivity

Thermal Conductivity from microscopic point of view

_ _h 2 . 0n 3
OK—W.;SIWVgTﬁdk
j=1...

with
. vg2 = Z—;‘(’ group velovity obtained from the Dispersion Curve

* 7 relaxation time
. % derivative of the distribution function with respect to temperature

2011 International
Conference on
Frontiers of
Characterization and
Metrology for
Nanoelectronics

Stefan Dilhaire

Motivation
Laser detection
AFM detection
Fault detection
Thermal Metrology

Laser Metrology

Laser temperature
measurement

Simulation

Heterodyne Picosecond
Thermorflectance

Thermal Metrology

SThM Metrology
SThM

Tip-surface interaction
modelling

SThMvs




Thermal Conductivity

Al Thermal

Contact
efacce

SL Thermal

2011 International
Conference on
Frontiers of
Characterization and
Metrology for
Nanoelectronics

Stefan Dilhaire

Motivation
Laser detection
AFM detection
Fault detection
Thermal Metrology

Laser Metrology

Laser temperature
measurement

Simulation

Heterodyne Picosecond
Thermorflectance

Thermal Metrology

SThM Metrology
SThM

Tip-surface interaction
modelling

SThM vs
Thermoreflectance

Case studies




Case studies : Nano Wires
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Silicon Nano Wires
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Nano Wire Methodology : Contact Resistance
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Nano Wire Methodology : Identification

Ay =128 W™ K™
Ry = (4,07+0,12)x10°K /W
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Case studies : Nano Dots
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Nano Silicon

«Precise control of thermal conductivity
at the nanoscale via individual phonon
scattering barriers»

Nature Materials (2010)

Coll.
Institute for Integrative Nanosciences, IFW Dresden,
N rue des Martyrs e
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Nano Silicon

4 ML Ge

0 o 1.5nm

Scale 180x180 nm2 (1 ML=1 Monolayer = 0.14 nm)

5 ML Ge

0 o 25nm

A. Rastelli, H. von Kaenel, Surf. Sci. 532, 769 (2003)
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Lowest thermal conductivity obtained on a
crystalline material : <1W/m-K

Si spacer (nm)
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