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Supplementary Figure 1. Multifunctionality of thermal metamaterials via changes of assembly, 
made from the same 16 thermal shifters for (a) thermal shield, (b) thermal concentrator, (c) 
thermal diffuser and (d) thermal rotator. 



 

Supplementary Figure 2. Simulation of thermal metamaterial made with stainless steel (k = 
16[W/m·K]) on convective condition (ambient temperature: 298K, h=10[W/m2K]). (a) Thermal 
shield, (b) Thermal concentrator, (c) Thermal diffuser and (d) Thermal rotator. And simulation of 
thermal metamaterial made with 5Al bronze (k = 80[W/m·K]) on same convective condition. (e) 
Thermal shield, (f) Thermal concentrator, (g) Thermal diffuser and (h) Thermal rotator. 



 

Supplementary Figure 3. Experimental temperature performance of thermal metamaterial made 
with stainless steel. (a) Thermal shield, (b) Thermal concentrator, (c) Thermal diffuser and (d) 
Thermal rotator. 

 

 

 

 

 

 

 

 



 

Supplementary Figure 4. Design and temperature distribution in bigger hosts (copper: 
k=400[W/m·K]) with 4-type thermal metamaterial, composed of copper (k=400[W/m·K]) and 
PDMS (k=0.2[W/m·K]). (a) Thermal shield, (b) thermal concentrator, (c) thermal diffuser and (d) 
thermal rotator.  

 



 

Supplementary Figure 5. Simulation results of temperature profiles for bigger hosts with 
thermal shifters, using FEM in (j) 15 , (k) 45 , and (l) 75 . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

Supplementary Figure 6. Isothermal plots of bigger hosts and tunable thermal metamaterials, 
composed of copper (k=400[W/m·K]) and PDMS (k=0.2[W/m·K]), as thermal conductivities of 
bigger hosts are changed from 400[W/m·K] (left) to 100[W/m·K] (middle) to 40[W/m·K] (right). 
(a) Thermal shield, (b) thermal concentrator, (c) thermal diffuser and (d) thermal rotator. 

 


