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Abstract— Because of their excellent conversion efficiency, 

thermophotovoltaic cells (TPV) are now very attractive. 

Research shows that these yields outperform those of 

photovoltaic cells. TPV cells are irradiated with infrared 

waves. So they require low gap materials. The InGaAsSb is a 

highly coveted candidate because of its gap which is 0.53 eV 

unlike silicon which is 1.1 eV. We took silicon carbide as an 

emitter because its emission spectrum is compatible with the 

absorption spectrum of InGaAsSb. Our study allowed us to 

know the electric power obtained taking into account the 

parameters established in [76]. However, parasitic and optical 

factors are an obstacle to a good conversion efficiency. 
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I. INTRODUCTION 

Thermophotovoltaic conversion (TPV) is nowadays a 

growing sector for energy diversity. Used as a emitter, silicon 

carbide is an excellent emitter for heating an InGaAsSb-based 

TPV cell. The latter is a good material because of its 

interesting optical properties but also because of its low band 

gap which is adequate with infrared radiation. This work is a 

simulation from the mathcad software of this SiC-InGaAsSb 

tandem. 

II. THEORETICAL STUDY IN THE FAR FIELD 

A. Silicon Carbide 

Silicon carbide can adapt to high temperatures, radiative 

environments, high pressure, and 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 [1,2]. 

B. InGaAsSb 

Materials play a vital role in the conversion of 

electromagnetic radiation into electricity. Thus, optimization 

of these with infrared radiation is the major task in TPV 

research, in order to have satisfactory conversion yields. To 

achieve high efficiencies with many available sources, low 

bandgap semiconductor devices are needed [3-5]]. In this 

case, the InGaAsSb has the advantage of offering the 

possibility of a low concentration of crystalline defects with 

consequent good lifetimes of the carriers. 

 TPV cells based on InxGa1-xAsySb1-y are made 

from GaSb used as a substrate by the metallurgical epitaxy 

method in the vapor phase [6] whose band gap would be 0.5 

to 0.6 eV. InGaAsSb TPV diodes, using front surface spectral 

control filters, are measured with the following parameters: 

power density equal to 0.58 W / cm2. Tradiator radiator 

temperature = 950 ° C, Tdiode diode temperature = 27 ° C 

and Eg diode gap = 0.53 eV [6]. 

 To know more about the recent manufacturing 

methods of InGaAsSb here are some very illustrative 

references [7-12]. Given these advantages that InGaAsSb 

offers, we are interested in our study to study some electrical 

parameters, its absorption coefficient, its internal and external 

quantum yield and its maximum conversion efficiency. 

C. Schema of TPV device based on InGaAsSb 

We first have the heat source that heats the emitter. The 

emitter in turn will produce infrared wavelengths that are 

adapted to the cell. Before arriving at the cell, the filter will 

perform a photon recycling. The photons having a lower 

energy than the gap will be sent back to the silicon carbide 

which will be warmed up again and the others will reach the 

cell. When the cell receives this energy, there will be 

electricity production within it. The figure below summarizes 

this process. 

 

 
Fig. 1: Schema of a 0.53 Ev Ingaassb Diode 

D. Power Emitted by the Emitter 

The power below, translates the emission of a gray body 

according to the emissivity. In our study, the gray body is 

nothing but silicon carbide which is heated by a butane 

cylinder. The SiC will in turn radiate heat to the TPV cell. Its 

expression as a function of the energy of the radiation and the 

corresponding temperature is as follows [13,14]. 
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 is the emissivity of the emitter that is less than 

unity. If you connect selective filters, such as plasma filters, 

to strongly reflect the photons that have energies below the 

band to the transmitter. In a process of recycling photons, 

parasitic heat losses can be considerably reduced. Yields of 

up to 50% could be achieved [15]. 

E. Total Power Absorbed 

The expression of the total absorbed power takes into account 

all the optical parameters involved in the calculation of a TPV 

prototype operating in the far field. These parameters are 

mentioned in [6]. 
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 R is the reflectivity of the active region for which E 

is greater than Eg, it is 0.15 fparasite is the fraction of the 

radiation above the bandgap absorbed in the filter [6]. 
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F. Total Power Received in the Module 

This power is the sum of the power convertible into electricity 

and the power lost. In other words, it is the power received by 

the module before part of it is converted into electricity. This 

power takes into account all the optical parameters such as 

the parasite, the transmittance, the absorbance, the 

recombination phenomena, the emissivity of the cavity and 

the module, the surface of the diode, the effect of the active 

region, etc. [ 6]: 
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From where 
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III. RESULTS & DISCUSSION 

A. Influence of Transmitter Temperature on Emissive Power 

The emissive power of a gray body is always inferior to the 

power of the black body. In Figure 2, it is given by the curve 

in red. It corresponds in the case where the emissivity is equal 

to unity. In the far field, no emitter emits more than the black 

body all the more these bodies have an emissivity lower than 

1. 

 
Fig. 2: Spectral Emissive Power at 950 ° C as a Function of 

u 

 Our study, we used silicon carbide as the emitter of 

the TPV cell. Its emitting power corresponds to the blue curve 

of Figure 2. It is this emission spectrum that will be converted 

into electricity by the InGaAsSb. Under the conditions of the 

experiment, the power actually converted into electricity and 

that received by the cell will be determined. 

B. Influence of Temperature and u on the Total Power 

absorbed in the Active Region that can be converted into 

Electricity 

The curves made in figure. 3 give the effective power 

converted into electricity by the InGaAsSb-based cell. Figure 

(a) reflects this power as a function of temperature and u. 

Figure (b) gives it to us according to the materials used in the 

TPV die. Figure (c) is expressed as a function of the parasites 

absorbed in the module and converted into electricity. And 

finally the curve (d) is expressed as a function of u. 

 
Fig. 3: Total Power Absorbed in the Active Region that can 

be Converted into Electricity According to u and the 

Temperature of the Radiator 
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 This power takes into account all the optical and 

electrical parameters involved in the device. It can be seen 

that this power is favorable for high temperatures and small 

gaps at the same time. In fact, the higher the temperature, the 

more the number of absorbed photons increases. The higher 

the number of absorbed photons, the higher the photocurrent. 

This also impacts on the generated electrical power. Thermal 

energy belongs to the range of infrared waves. These waves 

have long wavelengths that is to say low energy. As a result, 

they are adapted to weak gaps. If this parameter is not 

respected, then the power decreases because excess or 

negative energy will have a parasitic effect on the TPV 

module. Curves (c) and (d) take into account these parasitic 

effects. Varieties were purposely made by maintaining the 

temperature at 950 ° C to see their impact on cell 

performance. By comparing the curves (b) and (c) we see that 

these effects are extremely harmful. This simply means that 

we must scrupulously ensure the reduction of these parasites 

to hope for better yields. By comparing the power received 

by the module (see the following section) and the power 

converted into electricity we see that the difference is very 

important. We can say that this confirms our thesis. 

C. Influence of Temperature and u on Total Power absorbed 

in the InGaAsSb Module 

When the heat flow leaves the silicon carbide, it arrives on 

the TPV module. This power is not necessarily that absorbed 

by the TPV material that has just been studied. 

 The red curve in Figure 4 gives the power absorbed 

by the module as a function of temperature. The one in green 

is a function of dimensionless size u. His strong dependence 

on temperature is very obvious. The hotter the transmitter, the 

more the module absorbs heat. 

 This is shown by the first curve. The second is a 

function of the gap energy. The high temperatures are 

favorable to the big gap. 

 

 
Fig. 4: The Total Power absorbed in the Module According 

to u and Trad 

 When the gap is large, it requires a broad emission 

spectrum to reduce the inadequacy. As a result, the power 

becomes greater than that which corresponds to the gap. 

IV. CONCLUSION 

SiC and InGaAsSb are two very interesting tandem materials 

for POS conversion. The ratio between the emitting power of 

the SiC and the convertible power is very large. However, the 

reflection and the parasitic factors are very harmful for 

obtaining a consequent conversion efficiency. Limetier these 

two aspects we will also get a good power convertible into 

electricity. Another aspect at the origin is the too great 

distance between the emitter and the cell. When this is greater 

than the wavelength of the radiation, the evanescent waves 

are not taken into account in the conversion process. 
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