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The Interface Effect
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Adapted from Int. Roadmap for Semiconductors 2010

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x  
still appears, you may have to delete the image and then insert it again.

10
-10

10
-8

10
-6

10
-4

10
-2

0

0.2

0.4

0.6

0.8

1

Silicon Thickness [ m ]

In
te

rf
a

c
e

 R
e

s
is

ta
n

c
e

 /
 T

o
ta

l 
R

e
s

is
ta

n
c

e

250 nm 250 m

Cross section of Ipad CPU from 

Takeaway: Interfacial 
transport plays a role.
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• DMM’s 2 main 
assumptions
– Diffuse scattering

– Debye solid

Debye & the DMM
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*MD Simulations: Landry and McGaughey PRB 2009

• Using a more realistic 
dispersion, leads to 
lower correlation with 
MD predictions.

Takeaway: Does Debye approximation compensate for 
the removal of the optical phonons (OP’s)?



Optical Phonons & Semiconductors
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• 3p-3 adds up fast.
– Wurtzite: 75 % of phonons 

are optical modes.

• Optical modes ignored 
because:
– They are “frozen out”

– The move slow.
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• 3p-3 adds up fast.

– Wurtzite: 75 % of phonons 
are optical modes.

• Optical modes ignored 
because:
– They are “frozen out”

– The move slow.



0 100 200 300 400 500 600
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Temperature [ K ]

#
 o

f 
O

p
ti

c
a

l 
M

o
d

e
s

 /
 #

 o
f 

T
o

ta
l 

M
o

d
e

s

• 3p-3 adds up fast.
– Wurtzite: 75 % of phonons 

are optical modes.

• Optical modes ignored 
because:
– They are “frozen out”

– The move slow.
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• Departures from DMM
– Isotropic dispersion of 

direction perpendicular to 
interface

• Fit previously calculated 
dispersions using 4th order 
polynomials.

DMM Modifications for OPs
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• Scattering assumptions utilized to calculate transmission 
ratio, ζ
– Limit of Elastic scattering

– Limit of Elastic + Inelastic scattering (Termed: Inelastic)
*Full Details: Duda, Beechem, Hopkins, Smoyer, Norris. JAP 2010.



• Optical phonons most 
likely to contribute 
when all scattering 
modes contribute.

• For Pt/AlN, optical 
phonons contribute 
28 % in inelastic limit.

Optical Modes in the Inelastic Limit
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*MD Simulations: Landry and McGaughey PRB 2009  *Expt: Hopkins et al. J. Heat Trans. 2008.

• Inelastic limit for Si/Ge
– 40% contribution of optical 

phonons

Question: Is this contribution 
only an effect of the upper, 
inelastic, limit?
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• Optical phonon contribution is 
significant even for systems 
without high numbers of basis.

Optical Modes in Elastic Limit
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• Elastic test case:

• 91% of modes 
optical variety.

• >70% of TBC carried 
by optical modes at 
T>300K

Takeaway: Optical Phonons must 
be considered in TBC calculations.
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