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A radiative thermal rectifier (diode) with a phase-change material 
(VO2) is demonstrated for the first time to achieve a rectification 
contrast ratio of as large as 3:1. 

Kota Ito (PhD student from Toyota CRDL) 

Radiative Thermal Rectifier Using 
a Phase-Change Material 

 Thermal rectifier is a device analogous to an 
electrical diode with thermal conductance that 
depends on the direction of heat flow. It is a vital 
element for intelligent thermal management for a 
case where temperature gradient changes 
periodically. 

 The rectification is realized by the phase-
change of vanadium dioxide (VO2), which behaves 
as metal at high temperature (> 340 K) and insulator 
at low temperature (< 340 K).	

TL < 340 K < TH 

Forward 

VO2 film (Insulating) 

Reverse 

TH 

TL Silicon 

Fused quartz 

VO2 film (Metallic) 

TH 

TL 

Silicon 

Fused quartz 

Conclusion 

0 20 40 60 80
0

100

200

300

400

Temperature difference TH – TL (K) 

H
ea

t f
lu

x 
(W

/m
2 ) 

Blackbody 
Calibration 
Forward 
Reverse 

56.0058 56.0058 56.0058 56.0058 56.0058

260.1

260.2

260.3

260.4

260.5

260.6

34.0817 34.0817 34.0817 34.0817 34.0817 34.0817

240

242

244

246

248

250

252

254

64.0374 64.0374 64.0374 64.0374 64.0374 64.0374

99.5

100

100.5

101

101.5

102

51.376951.376951.376951.376951.376951.376951.3769

287.5

288

288.5

289

289.5

290

290.5

291

0 20 40 60 80
0

100

200

300

400

0 20 40 60 80
0

100

200

300

400

0 20 40 60 80
0

100

200

300

400

0 20 40 60 80
0

100

200

300

400

TL  =  300 K	

Modelled Measured 

3 1 

Heat flux sensor 

Copper heat spreader 

K-
thermocouple 

Heater 

Fused 
quartz 

VO2 with 
Si 

Heat  
flow 

 The sputtered vanadium film on a silicon 
substrate is annealed in an oxygen flow at 600 ℃ to 
achieve the thin film of VO2. 

 A steady-state measurement system in 
vacuum is developed for the characterization of the 
rectifier. The temperature of the two substrates are 
regulated by the heater and the thermoelectric 
device.	

Measurement system 
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 The experimental results are well explained by 
an analytic model based on fluctuational 
electrodynamics, with the optical permittivities of VO2 
determined by FTIR.	

 The heat flow through the rectifier is 
characterized in the forward or reverse scenario. A 
high heat flux contrast (3:1) is successfully 
demonstrated. 

Measured heat flux 
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Measured FTIR spectra 

 A radiative thermal rectifier with a high heat 
flux contrast (3:1) is demonstrated thanks to the 
phase-change of VO2. The rectifier would be applied 
to various thermal management situations.	


