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Stiffer crystalline materials - Larger A - Larger v - Larger «
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» What makes a high x material?

 Slack Criteria:
» Strong bonds
* Light masses
« Small unit cell
* Minimize defects!

Nat. Mat. 19, 481 (2020)

“The Slack parameter”



Thermal conductivity in ferroelectrics: Typically low

Perovskite Ferroelectrics But remarkable thermal functionality!
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How can we improve

thermal conductivity of
ferroelectrics?




Remember the Slack Criteria? AIN Ferroelectrics
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Ferroelectricity in boron-substituted aluminum nitride thin films

John Hayden ,I* Mohammad Delower Hossain,' Yihuang Xiong,1 Kevin Ferri,! Wanlin Zhu,' Mario Vincenzo Imperatore,2
Noel Giebink,? Susan Trolier—McKinstry,I Ismaila Dabo,! and Jon-Paul Maria!

* What makes a high x material?

* Aluminum nitride
« Strong bonds
* Light masses
« Small unit cell

 Slack Criteria:
« Strong bonds
* Light masses
« Small unit cell
* Minimize defects!




Highest thermal conductivity ferroelectric: Al,_,B,N
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 Defects reduce thermal = | i
conductivity, but light
atomic mass of boron
helps with maintaining
high x compared to Sc
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Softer disordered materials - shorter A - smaller v - smaller
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The entropy stabilized oxide
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Entropy-stabilized oxides

Christina M. Rost!, Edward Sachet’, Trent Borman', Ali Moballegh!, Elizabeth C. Dickey', Dong Hou',
Jacob L. Jones!, Stefano Curtarolo? & Jon-Paul Maria'




Entropy stabilized oxides: Cation disorder + local distortions
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HE carbides: stoichiometry tunable thermal properties
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Thermal boundary conductance across interfaces

Better overlap of phonon DOS improves TBC at interfaces dominated by
phonon transport (does not include 2D interfaces due to weak bonding)
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TBC at metal/non-metal interfaces: phonons vs. electrons
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TBC at metal/non-metal interfaces: phonons vs. electrons

vetal | Metal Metqllmetal
i « Conduction across
C Metal . .
clections | interface driven by
x — free electrons
[ | ess ] IMettaI i Temp- dependence ~
AlSLG i e eC rOnS
e e L electron C
o ® ®© 09 00000

100

5 090W° - * Heat flux ~ Fermi
v vV vV V¥ 5C€UF > Cp/Up velocity x electron C

A A A A ,4LA

10

Thermal boundary conductance, hx (MW m™ 2K,

How can we access this high

L g O Bi/diamond GaSb/GaAs 1

- (dislocations) T . o

 d=itomn 4= lo0gm - electronic heat flux to improve TBC
1 | ) ) .m . .

75 100 at interfaces with non-metals??

Temperature (K)

ISRN Mech. Eng. 2013, 682586 13




Highly conducting, high carrier density cadmium oxides
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Electron mediated TBC at metal/non-metal interfaces

* Energy easily transmitted across Au/doped CdO interface when out of

equilibrium with phonons, like metal/metal
» This "ballistic thermal injection” is different than charge injection
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Non-metal interfaces: can we overcome sluggish phonons?
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Light COUp|e§ with electric dipole creating
qguasiparticle

At IR wavelengths: Phonon polariton!

PhP quasiparticles can propagate at ~1%
of the speed of light!

Prior evidence of thermal conductivity
enhancement during excitation of PhPs .



Phonon thermoreflectance: phonons to measure temperature
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https://arxiv.org/abs/2504.05675

IR pump-probe using phonon thermoreflectane

Heating of Au pad will indirectly heat hBN
Two heat transfer pathways across Au/hBN
interface: phonon-phonon, NFRT from Au to
hBN via coupling with hBN phonon polaritons
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Mechanism: Non-equilibrium interfacial heat transfer

* Not enough NFRT at 300 K, electrons need to be “hot”
* Hotter electrons at boundaries = more NFRT Metal | Non-Meta
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Professor JP Maria’s research in novel functional

materials has built research bridges and spawned
new directions in material heat transfer

* New regimes for high thermal conductivity
functional materials

* New materials for ultralow thermal conductivity
materials

 New mechanisms for transferring heat across
interfaces and developing “non-equilibrium
thermal polaritonics”




