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S1. Near field radiation heat between graphene emitter and graphene receiver
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Figure S1: Spectral heat flux comparison between the similar optical property of graphene and different optical 
property of graphene (a) low doping level (chemical potential) of emitter graphene is set to which is ngE = 

 and ngR = (blue), ngR = (brown) and  ngR = 0.74 × 1012𝑐𝑚 ‒ 2 0.74 × 1012𝑐𝑚 ‒ 2 6.6 × 1012𝑐𝑚 ‒ 2

(yellow).  As the receiver doping level of the graphene increases the heat transfer between 2.65 × 1012𝑐𝑚 ‒ 2

graphene-graphene decreases. This is also shown in (b) for ngE and ngR = (blue).6.6 × 1012𝑐𝑚 ‒ 2 2.65 × 1013𝑐𝑚 ‒ 2

S2. Near Field Radiation Heat Transfer between black phosphorene emitter and receiver
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Figure S2: Spectral heat flux comparison between the black phosphorene pairs with nbE = nbR = nb where  

(blue),  (brown),  (yellow), (a) armchair emitter -armchair 5.0 × 1012𝑐𝑚 ‒ 2 1.0 × 1013𝑐𝑚 ‒ 2 5.0 × 1013𝑐𝑚 ‒ 2

receiver, (b) zigzag emitter - zigzag receiver and (c) armchair emitter - zigzag receiver orientation.

In the case of NFRHT between identical optical properties of black phosphorene pairs, we employ a three-
carrier density used in Figure S2 and S3. The SHF of AC-AC, ZZ-ZZ, and AC-ZZ orientation of emitter and 
receiver shows significant variation. Compared with the NFRHT for GRE-GRR, and BPE-GRR, the SHF 
between identical emitter and receiver of black phosphorene pair in ZZ orientation shows better 
performance. 



S3. Heat tunneling probability between high chemical potential graphene and black phosphorene

Figure S3: Color map of photon transmission probability (ξ ) between suspended BP emitter and graphene sheet 
receiver (G), and black phosphorene sheet (B) emitter armchair (AC) direction along x-axis orientation separation 

distance, d = 10 nm, electron density of graphene,  = , and BP AC direction, , (a) 𝑛𝑔 2.65  ×  1013𝑐𝑚 ‒ 2 𝑛𝑏

, (b) , (c) , respectively and along the ZZ direction, , (d) 5.0 × 1012𝑐𝑚 ‒ 2 1.0  ×  1013𝑐𝑚 ‒ 2 5.0  ×  1013𝑐𝑚 ‒ 2 𝑛𝑏

, (e) , (f) , respectively.5.0 × 1012𝑐𝑚 ‒ 2 1.0 × 1013𝑐𝑚 ‒ 2 5.0  ×  1013𝑐𝑚 ‒ 2

From the contour plot of photon tunneling probability, the bright bands are further apart in ZZ direction 
at low BP carrier density. The branches move closer with shorter momentum as the doping of BP increases 
providing increased SHF. The rise in chemical potential result in strong offsets of the branches lead to the 
overall reduction of the NFRHT observed at a large ng (Figure 2c and Figure 3c). We observed that the 
enhancement become smaller as the chemical potential becomes higher in spite of similar BP doping level. 
Moreover, the spectra heat flux, depending on the BP carrier density, can be enhanced or reduced. This 
result is consistent with the result discussion we provided in the original manuscript.  


