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Abstract Near-field thermophotovoltaic conversion offers real prospects. The contribution of evanescent waves 

is very significant at small scales. The work we have done has theoretically proved it. Whether it's the flux, the 

electrical power and the energy conversion efficiency, all of its parameters have proved it. The SiC-InGaAsSb 

tandem is an excellent transmitter-absorber pair operating in the near field. The efficiency can exceed 80% 

contrary to the 33%. However, this efficiency does not take into account optical and parasitic factors. 
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Introduction 

The efficiency limit of a thermo-photovoltaic (TPV) system is related to the emissivity of the emitter on the 

spectral plane. This is true for systems operating in the far field TPV system, where the distance between the 

emitter and the photovoltaic cell is large enough to limit energy transfer only to modes propagating in the air. In 

contrast, in the near field, when the distance between the two surfaces is smaller than that of the wavelength, the 

limit is raised. It has been theoretically argued and demonstrated experimentally that the separation distance can 

greatly improve the energy transfer with respect to the far field and even the black body [1, 2]. In the case of the 

near field, thermal radiation can be defined as electromagnetic waves emitted due to the random fluctuation of 

charges in the material [3,4]. 

Silicon carbide 

Silicon carbide is an excellent emitter because of its interesting thermal properties which are in line with 

absorbers such as low gap semiconductor materials including InGaAsSb. Silicon carbide can adapt to high 

temperatures, radiative environments, high pressure, high field due to its wide bandgap refractory 

semiconductor structure. That is why we chose it to form with InGaAsSb a emitter-cell tandem pair in a TPV 

cell. The emission spectrum of the silicon carbide is adequate to the absorption spectrum of the cell. SiC is 

subject to polymorphism which results in the existence of many polytypes. Polytypes have the same structure 

and chemical composition, but the stacking of the crystallographic base unit differs [5,6]. 

Theoretical study on a far-field TPV device based on InGaAsSb 

Nowadays TPV prototypes are available after lengthy research, even if there are many things to accomplish to 

achieve the best efficiency. Their fields of application are numerous, which is why his research arouses a great 

deal of interest. These prototypes are often based on GaSb or InGaAs. Their banned bands are between 0.3ev 

and 0.7eV. Their emission temperature is between 1200 °C and 1700 °C. They are not expensive and are 

environmentally friendly [6,7]. A efficiency of 19% is obtained for these cells with a band gap of InxGa1-x AySb1-

y of 0.53 eV, a power density of 0.58 W, a radiation temperature of 950 °C and that of the 27 °C diode [7]. Its 
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role is to convert the heat from the emitter into electricity. It consists of a junction of two doped semiconductors 

p and n. The conversion of incident photons into electricity is possible only if their energy is greater than that of 

the forbidden band of the semiconductor. The low energy photons are then lost in the cell in the form of heat, 

which is detrimental to the durability of the cell. 

The PN junction results from the juxtaposition of two zones in the same semiconductor material; one of type P 

(majority in holes, minority in electrons) and the other of type N (majority in electrons, minority in holes).  

 
Figure 1: Polarization of the PN junction [8] 

Results and Discussion         

Near-field radiative heat flux 

In heat transfer analyzes, we are mainly interested in the radiation heat flux given by the mean time of the 

Poynting vector [9]: 

 S  (x, 𝜔) = 4 X 
1

2
𝑅𝑒 𝐸   x, 𝜔  X 𝐻 ∗ (𝑥, 𝜔)             (1) 

This expression of the Poynting vector gives a value four times larger than its usual definition, since only the 

positive frequencies are considered in the Fourier decomposition of the efficiency. The substitution of the 

expression of the electric and magnetic fields defined previously gives us, [9]: 
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The indices m and n represent the state of polarization of the fields observed in r, then represents the state of 

polarization of the source in r. The set of indices m implies that a summation is performed on all the 

components (ie xx + xy + ... + zz). At this point, the radiant heat flux can be calculated from: 
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2𝑘𝑉
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where kv is the amplitude of the wave vector in vacuum. 

After simplification [9, 10]: there is an upper limit of radiative heat flux in the near field, for non-magnetic 

materials, this is given by: 

q′′max = Xmax
KB
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Figure 2: Maximum flow depending on the emitter temperature  
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q "max is the maximum heat flux, it is obtained when d → 0. It is found that metals with a large imaginary part 

in the infrared can help to reach such a limit at extremely small distances. However, for distances greater than a 

few nanometres, the situation is different. 

Heat flows according to the distance 

The dependence in 1 / d2 of the heat flux concerns the contribution through the polarization p of the 

electromagnetic waves only, since the contribution through the polarization s will be reached asymptotically to a 

constant close since d → ∞ [11]. 

Equation (10) becomes: 

 
225

2

0
0

4
.

1
4

,
0

0

d
e

e

kT
dTs

kTe

kTe

e































                                                 (5) 

kTe
u 0 which is a normalizing quantity then is a constant that strongly depends on the optical 

characteristics of the emitting material. Our calculations give a maximum value of 6.47.10
-18

 of. 

 
 224

0
0

1

.

16
,




u

u

e

eu

dTe
dTs




                  (6) 

Or  𝑊0 =  𝑒∞𝑊𝐿
2+𝑊𝑇

2

𝑒∞+1
 

For the silicon carbide that we considered here as our emitter, we have:  = 6.7; L
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Figure 3: heat flow according to u and distance 

By maintaining the value of u = 2, we have drawn on the figure the ideal heat flux as a function of the distance 

d. This distance is of the order of one nanometre. The figure shows a clear dependence of the flow compared the 

distance d. This dependence is almost exponential. 

 

Figure 4: heat flux as a function of temperature and distance 
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As for the figure, we have on the abscissa axis, u and on the ordinate axis, the heat flux which is also a function 

of the distance. Once again the phenomenon observed in the previous figure resurfaced. That is, the dependence 

of flux on small distances. 

In reality, when the InGaAsSb-based cell is placed near the silicon carbide (SiC) emitter, the evanescent waves 

of SiC reinforce the ever-existing progressive waves whatever the distance. When the SiC moves away from the 

InGaAsSb, the evanescent waves disappear and no longer contribute to the flow exchange. 

 

Electric power 

The power generated in the photodiode is calculated as the product of the voltage V0, e the charge of the 

electron, and the difference between the absorbed photon flux and the re-emitted photon flux [12]: 
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V0 is the potential difference at which the cell operates, q is a component of the wave vector;  and  are the 

dielectric functions of the emitter and the cell respectively; d is the distance between the source and the cell; g 

is the frequency of the gap of the cell. 
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Figure 5: dependence of the maximum electric power in the near field as a function of u 

The ordinate shows the maximum electrical power in the near field and the normalization quantity u in the 

abscissa. this power is very important especially compared the corresponding power in far field. However this 

power also varies according to u. the large values of u (greater than 6) go out of the infrared range and end up in 

the visible wavelength range. 

 

Expression of performance 
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Its expression according to the near-field distance is as follows: 
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We are dealing here with the upper limit of the efficiency for near field thermal radiation, which is similar to 

near-monochromatic radiation treated by thermodynamics [13, 14]. This radiation is largely dominated by the 

frequency of the resonance mode. That is why this efficiency corresponds to that of a quasi-monochromatic 

source [13]. We observe the increase in near-field efficiency as the resonant frequency increases but also as the 

temperature increases. Which corresponds to that of a near-monochromatic radiation. 
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n(w, T) =
1

c(w) − 1
 

and 

c(w) = exp  
hw0

KB TCe

  

 
Figure 6: dependence of the maximum conversion efficiency as a function of u 

Efficiencies can reach 80% above those predicted by thermodynamics (33%). This surplus efficiency can’t be 

explained by the contribution of evanescent waves. 

 

Conclusion 

Silicon carbide and InGaAsSb are important tandems for near-field thermophotovoltaic conversion. Like any 

emitter, SiC has surface waves that are confined to the surface and disappear at nanometric distances. 
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Whether it's the flow, the maximum electrical power extracted and the TPV conversion efficiency, the tandem 

offers real hopes for a good conversion of heat into electricity. The problem to be solved is the adaptation of 

silicon carbide to high temperatures. For this, we can think of incorporating a cooling system. 
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