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Motivation : Nano Earthquakes

I(t).V(t) p(t) !T(x,y,t) d(x,y,t)
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Laser

Orders of Magnitude
Temperature elevation : ∆T = 1K

Heat Source Thickness : e = 100nm

Expansion coefficient : α = 10−6

Surface expansion : α.e.∆T = 100fm
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Motivation : Temperature Measurement
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Motivation : Material Thermal Properties

Nano
wires NanotubesBulk Materials

Alloy limit

Phonon
filtering

Diffusion Guiding,
ballistic transport

low k high k

Coherent diffusion
Diffraction

Nano-heterostructures
Super-lattices

Decrease thermal conductivity of 
electrical conductors through 
nanostructuring

Increase thermal conductivity of 
insulators with novel nanoparticles
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Motivation : Time and Space scales

1ps

1ns

1fs

1!s

1ms

1s

1ks

1nm 1!m 1mm 1m0,1nm

D=5 10-6 m2/s
vs=8nm/ps

acoustic and thermal time of flight

Caracteristic length (R)

ts=20min

1ps

20ns
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Thermoreflectance Principle
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Reflectance measurement
Temperature measurement
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Picosecond Optical Sampling

TP (∼ 10−8s)

TS = TP + ∆T

τd

(e)

(d)

(c)

(b)

(a) ∆T (∼ 10−13s)

TP

Ttr =
1

∆F
(∼ 10−3s)

TS(∼ 10−8s)
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Experimental set-up

Probe beam
Ti: Sapphire laser
100fs, FS=76MHz,  !2

Nd: YAG 532nm

Signal 
Photodiode

Beam splitter

Beam splitter

Microscope objective

Sample

Ti: Sapphire laser
100fs, F=76.0006MHz,  !1

Pump beam

Synchro 
Photodiode

Acousto-optic 
Modulator (fm)
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Is the notion of temperature still valid?
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Al phonon 
bath

Aluminum transducer

e-

Material of interest



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
2D Superlattices

1D Nano wires

0D Nano Dots

Acknowledgements

Is the notion of temperature still valid?

Fourier 
Law

100 200 300 400 800700 900 1000500

50

0
0

100

150

200

250

300

400

350

450

600

Time (fs)



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
2D Superlattices

1D Nano wires

0D Nano Dots

Acknowledgements

Thermal Model

Optical penetration depth

Al transducer

Layer 1

Semi-infinite substrate
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Optimization 
algorithm
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"Pump-Probe" Near Field Metrology
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When the Tip heat and probe the
temperature : 3ω Technique

I ~ 1! I2 ~ T ~ 2! R ~ T ~ 2! V~ IR ~3!Joule Effect Ohm’s LawThermal effect

Flux de chaleur
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SThM vs Thermoreflectance

Performances SThM
Temperature sensitivity 100µK

Thermal Lateral resolution 100nm

Topographic Lateral resolution 10nm

Time resolution 10 ∼ 100µs

Performances Picosecond Thermoreflectance
Temperature sensitivity 100µK

Thermal Lateral resolution 1µm

Time resolution 100fs
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Superlattices

Super-Lattice Si/Si0.4Ge0.6SiGe
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Thermal Conductivity

Thermal Conductivity from microscopic point of view

k = h
8π3

∑
j=1...3

∫
ω v 2

g τ
∂n
∂T dk 3

with

v 2
g = dω

dk group velovity obtained from the Dispersion Curve
τ relaxation time
∂n
∂T derivative of the distribution function with respect to temperature
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Thermal Conductivity

Identified 
parameters

Al Thermal 
conductivity

W/m-K

Contact 
resistance Al/

SL
Km2/W

SL Thermal 
conductivity

W/m-K

Values 235 6.1 10-9 2.6
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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 Silicon

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

scattering barriers»
Nature Materials (2010)

Coll.
Institute for Integrative Nanosciences, IFW Dresden,
LITEN, CEA-Grenoble, 17 rue des Martyrs, Grenoble
Fraunhofer-IPM, Heidenhostraße 8, 79110 Freiburg
Max-Planck-Institut für Festkörperforschung,Stuttgart.

d

 4
or

 10

p-Si(001)

100 nm Si buffer

Si spacer
t = 3, 6, 9, 12 nm

a

3 nmHeight (nm) -1[100]100 nm

10 nm

b

c

3D view of an STM image (scale 
56x32x3 nm3) of a Ge hut cluster. 

L
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Nano Silicon

0 1.5 nm 0 2.5 nm 0 4 nm

4 ML Ge! !                          5 ML Ge!! !                  6 ML Ge

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

nominal substrate temperature: 450°C
the “hut cluster” regime: islands are small, Ge rich, and have high 
surface density

hut cluster

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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