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Motivations & mission 

 Set the experimental ground for a challenging new branch of science: 

the coherent caloritronics, i.e., the complementary of coherent electronics 

 Phase-manipulate & master heat  transfer in a solid-state environment 

 Provide original & novel approaches to realize thermal devices 

(heat transistors, splitters, diodes, refrigerators, exotic quantum circuits) 

 Address & understand  fundamental energy- and heat-related phenomena at nanoscale (coherent 

dynamics, heat interference, time-dependent effects, thermodynamics, decoherence) 
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Principle of phase-dependent heat current control 

Exploitation of quantum phase to control heat current flow 

Maki and Griffin, PRL 15, 921 (1965); 

Zhao et al., PRL 91, 077003 (2003); 

Zhao et al., PRB 69, 134503 (2004) 

Heat current is predicted to be phase dependent and stationary 

Temperature-biased Josephson tunnel junction 
Tcold 
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Heat current in T-biased Josephson tunnel junctions: theory (i)  

Maki and Griffin, PRL 15, 921 (1965); 

Guttman et al., PRB 55, 12691 (1997); 

Zhao et al., PRL 91, 077003 (2003) 
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Temperature-biased DC-SQUID: theory (i) 

FG and M. J. Martinez-Perez,  APL 101, 102601 (2012) 

Symmetric SQUID 
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Temperature-biased DC-SQUID: theory (ii) 

FG and M. J. Martinez-Perez,  APL 101, 102601 (2012) 

Role of critical current asymmetry 

Maximum 

Minimum 

Total heat current behavior  

(symmetric SQUID) 
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“Josephson heat interferometer”: setup (i) 

FG and M. J. Martinez-Perez, Nature 492, 401 (2012) 

Symmetric SQUID (r = 1) 

T1 ≥ T2 

Rs ≈ 1.5 KΩ 

Rd ≈ 1 KΩ 

RJ ≈ 1.3 KΩ 

Rp ≈ 0.55 KΩ 

Tc ≈ 1.4 K 

A ≈ 20 μm2 

Main parameters: 
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“Josephson heat interferometer”: setup (ii) 

FG and M. J. Martinez-Perez, Nature 492, 401 (2012) 
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Behavior @ 235 mK (i) 

FG and M. J. Martinez-Perez, Nature 492, 401 (2012) 

δTdrain ~ 21 mK 

9% relative  

modulation amplitude 

δTdrain ~ 1.5-2 mK 

parasitic power input  

(~1-5 fW) 
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FG and M. J. Martinez-Perez, Nature 492, 401 (2012) 

Behavior @ 235 mK (ii) 

Flux-to-temperature transfer  

function up to  60 mK/0 @ 675 mK 

Heat interference T  bias 
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Comparison to theory 
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Good agreement with theoretical prediction 
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δTdrain ~ 2.5 mK 

Heat interference disappears at   500 mK 

Suppression of δTdrain  

&  

Smearing ofTdrain 
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Electric vs thermal quantum diffraction 

Electric diffraction through 

a rectangular slit 

Diffraction of heat current 

 through a rectangular slit 
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Heat current quantum diffraction in extended short JJs 

𝑡 = 𝑑 + 𝜆1tanh
𝑡1
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+ 𝜆2tanh
𝑡2
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FG, M. J. Martinez-Perez, and P. Solinas, Phys. Rev. B 88, 094506 (2013)  
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Heat current quantum diffraction in short JJs 

Interference component of thermal current 

𝐽𝑖𝑛𝑡 Φ ∝ |𝐽0 𝑔 𝑦 cos
2𝜋Φ
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Nulling of the supercurrent 

Minimization of Josephson coupling energy 

S. V. Kuplevakhsky and A. M. Glukhov, Phys. Rev. B 73, 024513 (2006)  

FG, M. J. Martinez-Perez, and P. Solinas, Phys. Rev. B 88, 094506 (2013)  
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A “quantum diffractor” for thermal flux: experimental setup 

Heater Thermometers 
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Thermal model & expected behavior 

Drain temperature diffraction 

pattern 

Flux-to-drain temperature  

transfer function 

Tbath = 240 mK 

• electron-photon coupling 

• phonon heat current 
The model neglects 

Negligible Kapitza  

Resistance 

Tphonon = Tbath 
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Temperature diffraction pattern @ 240 mK 

M. J. Martinez-Perez and FG, Nat. Commun. 5, 3579 (2014) 
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Heat diffraction: Bath temperature dependence 

M. J. Martinez-Perez and FG, Nat. Commun. 5, 3579 (2014) 
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Thermal rectification with N tunnel junctions: principle 

A. Fornieri, M. J. Martinez-Perez and FG, APL  104, 183108 (2014) 

Conditions for thermal rectification: 

 

i) large tunnel resistance mismatch 

ii) N2 must be coupled to phonon bath 𝑅 =  
𝐽𝑓𝑤

𝐽𝑟𝑒𝑣
  103 
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An ultraefficient hybrid thermal rectifier 

M. J. Martinez-Perez, A. Fornieri, and FG, Nat. Nanotechnol. 10, 303 (2015); 

FG and F. S. Bergeret, APL 103, 242602 (2013); M. J. Martinez-Perez and FG, APL 102, 182602 (2013). 

Hybrid heat diode concept 

Experimental structure 

G vs V char @ 50 mK 
Full symmetry from the electrical point of view 
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Asymmetrical thermal transport 

Directional thermal current mismatch 

M. J. Martinez-Perez, A. Fornieri, and FG, Nat. Nanotechnol. 10, 303 (2015) 

Thermal model 
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Ultra-efficient thermal rectification 

δT up to 60 mK @ Tbath = 50 mK 

R up to 140 @ 50 mK!! 

(to be compared to R ~ 1) 

M. J. Martinez-Perez, A. Fornieri, and FG, Nat. Nanotechnol. 10, 303 (2015) 



Roma, 20/05/2015 

Ultra-efficient thermal rectification: comparison 

M. J. Martinez-Perez, A. Fornieri, and FG, Nat. Nanotechnol. 10, 303 (2015) 

Mechanism & role of  

 

different structure elements 

Role of probe & N material type 
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Conclusions 

 

 
1. Realization of a heat interferometer 

 

2. Confirmation of the existence, magnitude and sign of the phase-dependent heat current 

 

3. Realization of a quantum diffractor for thermal flux 
 

4. Complementary proof of the “thermal” Josephson effect 

 

5. Realization of an ultraeficient low-temperature hybrid thermal rectifier (with very large R ~ 140) 

 

6. Novel “coherent caloritronic” devices 
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Perspective for “coherent caloritronic” devices 

Heat transistors or  

phase-tunable electron coolers 

Heat splitters 

Heat rectifiers (diodes) 

M. J. Martinez-Perez and FG, APL 102, 182602 (2013); FG and F. S. Bergeret, APL 103, 242602 (2013); 

A. Fornieri, M. J. Martinez-Perez and FG, APL  104, 183108 (2014) 


