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Our Perspective…

2



Message: Polaritonic Energy Transport
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Phonons and Elect rons “bad” in small spaces (< 1µm) 
& at interfaces.
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Fundamental ly di fferent  energy carrier needed.

Polar i tons are the carrier.

Polaritons get better  in smaller spaces.
Dispersion Engineer ing of polaritons is 
doable.
Polaritons can be dynamical ly tuned.Re
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on



4 Polariton…The Wave Duet
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5 Polaritons carry heat.
Theory: Mulet et al. APL (78) 293. 2001.

Expt: Song et al. Nat. Nano (10) 253. 2015.

Theory: DY. Chen & G. Chen. PRB (72) 155435. 2005

Expt: Salihoglu..Xu. Adv. Fun. Mat. 1905830. 2019.



6 But Why Polaritons for Nanoscale Heat Transport?

Details: A. Jarzembski…Beechem et al. Phys. Rev. Appl. 14, 034044 (2020).

Details: T. Beechem et al. Adv. Opt. Mat. 14, 1800062. (2018).



7 Problem: Solutions aren’t scaling

Images: Disney, HiFlux, Parker Hannifin, Advanced Thermal Solutions 

Frozen Approach ➠ Throw cold  a t the  device
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Just Ask 

NJTT Graphic: K. Goodson Semi-Therm 2019 (nanoheat.stanford.edu). Others: A. Bar-Cohen. ModSim 2015.

Need solutions  closer to source➞Gotta ge t sma lle r.
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Problem 1: Phonons Less Efficient in Small Places



GaNThermal Conductivity10

Details: Beechem et al. JAP. (120) 095104. 2016
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Phonon Gas Model: Probing the “Pain Points”

Details: Beechem et al. JAP. (120) 095104. 2016



Size Dictated Thermal Conductivity of GaN12

Details: Beechem et al. JAP. (120) 095104. 2016

Takeaway Textbook values don’t exist in devices

Takeaway Phonon transport scales opposite to devices
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Polaritonic Transport Scales with Device Size

Polariton Calculations: Ordona-Miranda et al. JAP (113) 084311. 2013



Problem 2: Interfaces are everywhere…and Bad!14

www.anandtech.com

Haigh et al. Nat. Mat. (11) 764. 2012.
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Interfaces Remain Confounding (Phonons)

Details: Gorham…Beechem…Hopkins et al. PRB. 
(90) 024301. 2014.

Expt. Details: Hopkins…Beechem…Graham. JHT (130) 
0624402. 2008.

Theory Details: Beechem…Hopkins…Graham. APL (90) 
054104. 2007.
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Polaritons at Interfaces…”Translating” Heat?



Interfacial Transport via Polaritonic Hybridization?17
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Details: Beechem et al. Adv. Opt. Mat. (6) 1800062. 2018.

Takeaway Polariton coupling links boundaries
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Fundamental ly di fferent  energy carrier needed.

Polar i tons are the carrier.

Polaritons get better  in smaller spaces.
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Message: Polaritonic Energy Transport



WARNING: Graphene Ahead19
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Polariton Tailoring….”Easy” Dispersion Engineering20

Details: Goldflam…Beechem Opt. Exp. (7) 8532. 2018, Goldflam…Beechem Opt. Expt. (25) 12400. 2017



Polariton Tuning…”Push Button” Thermal Transport?21

Details: A. Jarzembski…Beechem et al. Phys. Rev. Appl. 14, 034044 
(2020).

Details: Goldflam…Beechem et al. APL (116) 191102. 2020

Takeaway Polariton dispersions can be engineered

Takeaway Polariton dispersions can be switched.



Polaritonic Energy Transport : The Path
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Polaritonic Energy Transport : The Tools

Details: Goldflam…Beechem. APL (116) 191102. 2020.
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Beyond Heat…Polaritons for Spectroscopy



Beyond Heat…Polaritons for Spectroscopy25
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A light lab employing infrared physics to create                                      
thermal, spectroscopic and sensing solutions.
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