SS 2024

MVCMP-1 6.2 Heat Transport
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» sapphire single crystal: 1.5 mm

» sintered Al,O; powder 5 ... 30 um
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Ms/sczl\c/lelst_1 6.4 Influence of Normal Processes in Heat Transport

a) Poiseuille flow
N-processes are visible in heat transport experiments under special circumstances
— ultralow temperatures (no umklapp processes) and low defect scattering

— phonon flow in a thin crystal can be described like viscose flow of atoms in capillaries

condition: gf—{l _ E{—Jl + 551

/

In € d <K IR

classical gas: Hagen-Poiseuille law analog equation for phonon transport (phonon gas)

or? 31 r? Q 1 1
_——_— = - — ———:A:— Ee
8 n 8V Uy mr2 |VT| BOVU <

n = %Qﬁthgg

m 1

mr2 [Vp|

Eeff ~ 7”2/£N

= effective mean free path for
N-processes for heat transport

parabolic velocity profile
~

=
> 7

\ scattering with walls
258




Ms/sczl\c/lelst_1 6.4 Influence of Normal Processes in Heat Transport

Interpretation: heat resistance by scattering at the surface, but
each phonon has to travel the statistical path l.g ~ r? /N

because of very frequent N-processes before it reaches
the surface

—— the observed mean free path in transport measurements are longer than the sample diameter

exact calculation
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MvCcmp-1 6-4 Influence of Normal Processes in Heat Transport

experimental evidence
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» steeper than 73 temperature dependence observed - e B EEER i elierent semsiize

» D contains 100 ppm *He
» temperature dependence is 7°° instead of 7% 4

» slightly steeper temperature dependence

» only small temperature range 3
as I’
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MvCcmp-1 6-4 Influence of Normal Processes in Heat Transport

analysis of ‘He data
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Why is the Poiseuille flow not always observed?
/N < d —— means high temperature, can be fulfilled easily

in addition: momentum must be carried to wall — randomwalk 7 = ,/p{N
crystal radius number of scattering
processes necessary to
reach surface 261



SS 2024

MvCcmp-1 6-4 Influence of Normal Processes in Heat Transport

at the same time no scattering processes leading to heat resistance should occur
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mean free path for Poiseuille flow

b) Second sound

second sound in “phonon gas” = first sound in classical gas

density wave in classical gases ¢ < Asound : Vg R sound velocity
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analog for phonon gas: Vg = Us velocity of second sound

5
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MvCcmp-1 6-4 Influence of Normal Processes in Heat Transport

conditions:
» no umklapp processes, no defect scattering

> EN < ’Ustp < KR (Y W< tp < TR

pulse length

=== can be fulfilled more easily than
condition of Poiseuille flow if /r > /n.
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MVCMP-1 6.5 Ballistic Propagation of Phonons

Experimental techniques

Heater Detector

I

Sample

time resolved measurements

t@' = d/vz

\

time of phonon with polarization i
from heater to detector

Metal film -9

Detector

i

Laser pulse Sample

position dependent measurement
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MVCMP-1 6.5 Ballistic Propagation of Phonons

a) time resolved measurements

Example: InSb, investigation of electron-phonon coupling
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L T doped sample
» samples with different doping level
» electrons interact with phonons via density variation ' ' ' |
0 5 10 15 20
» longitudinal phonons: density variation = strong coupling Time t/ ps
» transverse phonons: no density variation = no coupling
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MVCMP-1 6.5 Ballistic Propagation of Phonons

2nd example: GaAs:O, GaAs:Cr, phonon-defect coupling is investigated
free electrons are unimportant

GaAs:O GaAs:Cr
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[100] no change
[111] FT, ST disappear

» [110] 3 branches L, FT, ST -
>
» [110] ST disappears, FT reduced
>
>

» [100], [111], FT, ST degenerate

diffused phonons appear in [110], [111]

reason: resonant scattering with Cr defects
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