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Recap (so far)

ÅOhmôs & Fourierôs Laws

ÅMobility & Thermal Conductivity

ÅHeat Capacity

ÅWiedemann-Franz Relationship

ÅSize Effects and Breakdown of Classical Laws
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Low-Dimensional & 

Boundary Effects

ÅEnergy Transport in Thin Films, Nanowires, Nanotubes

ÅLandauer Transport

īQuantum of Electrical and Thermal Conductance

ÅElectrical and Thermal Contacts

ÅMaterials Thermometry

ÅGuest Lecture: Prof. David Cahill (MSE)
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L~ 200 nm
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Å Size and Non-Equilibrium Effects

īoptical-acoustic

īsmall heat source

īimpurity scattering

īboundary scattering

īboundary resistance

ÅMacroscale (D >> L)

ÅNanoscale (D < L)
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Thermal Simulation Hierarchy
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MFP ~ 200 nm at 300 K in Si
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Thermal and Electrical Simulation

5

Atomistic
P

h
o

n
o

n
s

Diffusion

BTE or 

Monte Carlo

BTE with

Wave models

D
ri

ft
 D

if
fu

s
io

n

B
T

E

M
o

m
e
n

ts

M
o

n
te

 C
a
rl

o

&
 B

T
E

M
o

n
te

 C
a
rl

o

w
it

h
 Q

u
a
n

tu
m

M
o

d
e
ls

Electrons

F
u

ll
 Q

u
a
n

tu
m

Isothermal

~1 nm~5 nml

~100 nm~5 nmMFP

phononselectrons

© 2009 Eric Pop, UIUC ECE 598EP: Hot Chips

Nanowire Formation: ñBottom-Upò

ÅVapor-Liquid-Solid (VLS) growth

ÅNeed gas reactant as Si source 

(e.g. silane, SiH4)

ÅGenerated through

ïChemical vapor deposition (CVD)

ïLaser ablation or MBE (solid target)
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Lu & Lieber , J. Phys. D (2006)


