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The problem w/ high electrical and thermal resistances

High electrical and thermal resistivities from reduced dimensionality and
iInterface scattering lead to self heating & deleterious device performance
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Electrical resistivity scaling

sol€ Measured resistivity size effect On the nanoscale, copper may not
| n epitaxial metal layers have the lowest resistivity compared
to other metals
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Thermal conductivity scaling and the Wiedemann-Franz Law
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Need methods to measure thermal conductivity of thin films
and thermal resistance at interfaces so we do not rely on the

Wiedemann-Franz law to evaluate thermal properties of
interconnects

 Pump-probe thermoreflectance to measure thermal conductivity
« TDTR, FDTR, SSTR

« Metal thin films, failure of the WF Law, and potential for layered 2D
delafossite films with exceptionally high thermal conductivities

« Cohesive energy of thin metals evaluated w/ short pulsed laser ablation



Measuring the thermal conductivity of thin films
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Evaluating spatial inhomogeneities in film/crystal growth

ALD film of varying
density on 4” Si




Commercializing FDTR/SSTR: Laser Thermal
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Commercializing FDTR/SSTR: Laser Thermal

Currently 300 mm automated Automated 300 mm wafer
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(150 mm) 2026 2027

// o

' i , a lﬁr':,::MAL 4
L‘&SER ‘
[HERMAL 9



In-plane thermal conductivity of Ru

In-plane « slightly 500
higher than WF-derived
x, phonon effects
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In-plane thermal conductivity of W

In-plane x much higher
than WF-derived «,
phonon effects
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IR-VASE for electron relaxation time

Unpolarized Linear
light polarization
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Scattering rates to evaluate scaling of o and x with thickness
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FOM for metals: Looking beyond Cu

Reality for film measured (> 20 nm): Cu still has better properties
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TR-MOKE to realize extremes of metallic heat conduction

« Thin film PdCoQO, delafossite, grown on sapphire substrates
« Extremely anisotropic metallic oxides
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TR-MOKE to realize extremes of metallic heat conduction

Exceptionally high in-plane  — 10

thermal conductivities of PdCoO,
delafossite films, and non-
normalized FOM on par Cu
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Need methods to measure thermal conductivity of thin films
and thermal resistance at interfaces so we do not rely on the

Wiedemann-Franz law to evaluate thermal properties of
iInterconnects

 Pump-probe thermoreflectance to measure thermal conductivity
« TDTR, FDTR, SSTR

« Metal thin films, failure of the WF Law, and potential for layered 2D
delafossite films with exceptionally high thermal conductivities

» (Cohesive energy of thin metals evaluated w/ short pulsed laser ablation
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Insight into reliability with mechanical properties

Electromigration (MTTF)
~modulus~Cohesive energy
Femtosecond laser ablation
drives ejected material from
bond breaking
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Calibrate on bulk metals, extend to thin films (Mo)
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