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Historical breakthroughs in electronics
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Are there thermal analogs to electric
circuits to manage heat flows with
photons as we do with electrons for
electric current?



eRadiative diode with phase change materials
e Thermal transistor in systems with negative differential thermal resistance

e Thermal memory with multistable thermal states in many body systems

e Heat flux splitting with graphene tuning and photon thermal Hall effect



Radiative diode




What is the thermal rectification?
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Thermal Rectification through Vacuum
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But rectification is not strong enough to make a thermal diode



A phase-change radiative thermal diode
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A phase-change radiative thermal diode
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Radiative transistor




A near-field thermal transistor
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Two and many body radiative heat transfer :

Normal component of Poynting vector:
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Fluctuation theory:
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Heat transfer in a three slab system

PRL, 109, 244302 (2012) ;
Messina et al. PRA 89, 052104 (2014)
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A near-field thermal transistor

d<<hy

Operating modes :

1-Thermal switch

Coupling efficiency:

2-Flux modulation
3-Flux amplification
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How to get a transistor effect?

Flux amplification:
00, ob, | D=0 -
0| |3(Ds - D))

Differential thermal resistance :
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Far from the transition, the thermal transistor does not work! "



A near-field thermal transistor

Operating modes :

R: >0 and R, <0  Negative differential

l Resistance
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2-Flux modulation | Rq o1
3-Flux amplification R, + R,
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Radiative memory




The first volatile memory
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Bistability and thermal memory

Blackbody
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Volatile thermal memory
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Active splitting of heat flux




Near-field heat splitter

Electronic conductivity :
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Near-field heat splitter

Thongrattanasiri et al. PRL. 108, 047401 (2012).
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Near-field heat splitter

T,=350K Ep;=0.1eV
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Near-field heat splitter

T,=350K Ep;=0.1eV
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Hall effect-Thermal Hall effect

_ Righi,Leduc,1888
Edwin Hall,1879

Lorentz Force:
F=q[E+ (vxB)]

Magnetic field (B)

Strohm 2005 (phonon HaII effect)
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Mori et al., PRL, 113, 265901 (2014)
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Photon thermal Hall effect

4-terminal InSb (magneto-optical) junction
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Photon thermal Hall effect

T4 B+0 = InSb anisotropic mm) J #0
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Photon thermal Hall effect

Quasistatic polarizability:
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New radiative effects and basic functionalities :

-strong thermal rectification with MIT materials == diode
-high NDTR both in near and far-field regime = transistor

-bistable thermal states =) memory

-SPP tunning with graphene or magnetic field == heat flux splitter

Potential applications :

-thermal managment at nano and macroscale

- information treatment without electricity (low speed)

- Optomechanical systems (nanoheat engines and energy harvesting) ‘_m, _.
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