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» What makes a high x material?

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



Softer disordered materials - shorter A - smaller v - smaller
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Need electron crystal, but phonon glass — how?

 But often times making a low thermal
conductivity material means disorder in crystal
or even amorphous phase
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* This can also reduce electron transport, which
will reduce thermoelectric performance
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* Question: How do we achieve low thermal conductivities in crystalline
thin films with high modulus and crystal quality? How do we break the
coupling of bonding and thermal conductivity dictated by Slack criteria”

* Thermal conductivity measurements with thermoreflectance
* Engineering defects in crystalline oxide films with entropy stabilization

* Phonon localization and reductions in group velocities with naturally
layered crystals — Ruddlesden-Poper chalcogenides

* Interface phases in TiIN/TIC superlattices that increase stiffness and
reduce thermal conductivity 6



Thermoreflectance: thermal conductivity in thin films

nature reviews methods primers https://doi.org/10.1038/s43586-025-00425-8
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Thermoreflectance: thermal conductivity in thin films
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Making complicated thermal conductivity metrologies easy
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To thick coatings and bulk materials (TOPS)
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Thermo-optical plane source (TOPS)
ideal for measuring thermal
conductivity of materials with length
scales greater than ~0.5 — 1 mm.

No surface roughness or material
shape requirement since
temperature monitored with IR
thermography and not a reflected
probe laser (as in thermoreflectance)
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* Question: How do we achieve low thermal conductivities in crystalline
thin films with high modulus and crystal quality? How do we break the
coupling of bonding and thermal conductivity dictated by Slack criteria”

* Thermal conductivity measurements with thermoreflectance

* Engineering defects in crystalline oxide films with entropy stabilization

* Phonon localization and reductions in group velocities with naturally
layered crystals — Ruddlesden-Poper chalcogenides

* Interface phases in TiN/

IC superlattices that increase stiffness and

reduce thermal conductivity 11
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Entropy stabilized oxides: Cation disorder + local distortions
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Entropy stabilized oxides: Cation disorder + local distortions
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Thermal conductivity (W m™ K™)
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Ruddlesden-Popper Ba;Zr,S,; and Ba,Zr;S,,
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Ruddlesden-Popper Ba;Zr,S,; and Ba,Zr;S,,
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Ruddlesden-Popper Ba;Zr,S,; and Ba,Zr;S,,
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Now how do we push to higher moduli independently of x?

Controlling modulus with Period thickness, nm
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Now how do we push to higher moduli independently of x?
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Increase in interface density increases k and velocity
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TINC interfacial phases increase stiffness

* Interfacial TINC phase “stiffer” (evidence from refractories)
 Increased interface density reduces strain difference between
ayers, thus reducing phonon scattering (increased density of
interfacial phase)
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Pushing the limits of E/x for refractories and high x materials
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Summary
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