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Introduction:-

The devices thermophotovoltaic (TPV) are conversion systems of energy which generate the electric power directly
starting from a radiation thermic. There are nowadays several approaches which try to exploit this die which offers
convincing results exceeding even those of the photovoltaic system to silicon. Among these approaches we can
quote the electromagnetic approach (when it is about the mode in far field) [1, 2]; approach of the electrodynamics
fluctuationnel (when it is about the near field) [3-5]. Its output is limited in theory by the thermodynamic limit of
Schockley-Queisser which corresponds if the source is a black body and its value turns around 33% [1]. This limit
can be easily overcome nowadays with a monochromatic source when the energy received by cell TPV coincides
with the energy of gap of the semiconductor or while reducing outdistances it which separates the source with a
value lower than the wavelength from emission.

Work that we propose is to see the limits higher than one can await these two conversion systems and to make a
comparative analysis of it.

Principle Of Operation Of A Thermophotovoltaic Device:-

In the far field:-

The classical theory of the thermal radiation, developed by Planck, is based on the concept of black body [6-8]. It is
an ideal transmitter which emits more energy than any other body with any wavelength. The radiation emitted by the
black body is independent of the matter of which it is made up. The thermal radiation of the black body of Planck
however is limited to a fundamental assumption: the distances between the bodies in exchange are higher than the
dominant wavelength of the emission [2], so that thermal energy is transferred through the progressives waves only.
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Thermophotovoltaic conversion is divided into two parts according to the type of radiation considered. There is the
TPV in far field which takes as a starting point the thermal radiation black or of any emitting body of heat with a
wavelength lower than the distance which separates cell statement and the thermal source [9].
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Fig. 1:- diagram of a system TPV which functions in far field

In Near Field:-

Contrary to the first, these two parts are separated from a distance lower than the wavelength. The thermal source
emits waves evanescence’s which are confined very close to the surface of the body [1, 2], which does not carry
importance in calculations of the far field. These waves evanescence’s exist and are propagated along the interface
between two materials, while decreasing exponentially on a distance approximately of a wavelength of the normal of
this interface.
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Fig. 2:- Diagram Of A System Tpv Which Functions In Near Field

If the source emits in open space, flow Net of energy of the field evanescent is consequently null. If open space
separating the two parts is narrowed at a distance lower than the wavelength so that its surface is in the field
evanescent, the movement loads in the cell is affected by the presence of this near field. The resulting electronic
movement dissipates the energy of the near field in the cell by Joule effect. This phenomenon is called tunnel effect
of radiation, and can be seen as an additional channel in which radiant energy can run out, involving the going
beyond of the transfer predicted by the distribution of black body of Planck.

Efficiency Tpv:-
Efficiency conversion in far field:-
The efficiency conversion is expressed as follows:

Moy = = @

rad

To make a comparative study of the higher limit of the two types of efficiency conversion, we have:
ho

2. KgTy

o is the frequency of emission, TS is the temperature of the source and h is the Planck's constant. The maximum

Power of a body emitting in the far field is [1]:
Error! (3)
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Ag is the length corresponding to the forbidden band of material of cell statement, Ac is the surface of the cell; gic:
the flow of incidental radiation on cell statement per unit of length of wave, e, is the power of emission of the black
body which the transmitter p. constitutes is the reflectance of the cell; the radiative power’s [10], :

(KgT)* 7 u®
= du

4 4x2p2c?

Efficiency conversion in nigh field:-
The power generated in the photodiode is calculated as being the product of the tension Vg, e the electron charge and
the difference between flow of absorptive photons and flow of re-emitted photons [3].
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V, the potential difference to which the cell is operative, ¢ is the component parallel of the vector of wave, &; and

(6)

&, are the functions dielectric the transmitter and of the cell respectively; d is the distance separating the source and
the cell; Oy is the frequency of the gap of the cell.

T
Vinaxo = g 1_?5 @)

e

By modelling cell statement like a thermodynamic diode ideal operating with the voltage V,, we can write the
radiative power of exchange as follows [10]:

hoo
rad — ﬂ_z _[0 qq IO ~ : da)H(a)’q) ha (8)

doll(w,q)
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e KTg _1

Results and Discussion:-

Ultimate performance in far field:-
The maximum output is obtained by considering that the transmitter is opaque so that the flux density of the

transmitter is equal to the absorptance which we can have €= 1— p. that being so would like to say that the

transmitter re-emits all the energy which it received from the heat source. In addition to these considerations having
to us to consider constant reflectance. The maximum output will be thus expressed:
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The value of ug which gives the greatest output of conversion thermophotovoltaic is 2.

We thus need a weak material of gap receiving a reasonable temperature; what is confirmed.

Semiconductor Gap Energy Source température Ug Maximal
(eV) (K) efficiency
Si 1,1 1200 10,626 0,54
InGaAsP 6,76 1200 6,76 7,38
InGaAs 0,6 1200 5,794 12,81
InGaAsSh 0,53 1200 5,118 18,13
INPASSP 0,5 1200 4,829 20,79
GalnAsPSh 0,35 1200 3,38 35,76
Table 1:- maximum value of output TPV in far field of some materials
Table 2:- maximal values of TPV efficiency in far field of some devices
Semi-conducteur efficiency (%)
Si 90
InGaAsP 84
InGaAs 81.3
InGaAsSh 78.9
INPAsSSP 77.6
GalnAsPSh 68.8
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Fig. 3:- maximum efficiency TPV in far field

Ideal performance in far field:-

The preceding considerations do not hold counts of them energies of the inferior photons to that of the gap of the
cell which can taken part in the harmful effect of the cell and the reduction of the output. For an ideal output, the
transmitter should not receive energies of the inferior gap to the cell. For that, the flux density must be null and
reflectance equal to the unit. As for photons whose energies are higher than that of the gap, emittance must be equal
to the unit and null reflectance. The expression of the output becomes:
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Maximun limit efficiency TPV in near field:-
We treat here the higher limit of the output for a thermal radiation in near field which is similar to the near relation-
monochromatic radiation [11-12]. This radiation is largely dominated by the frequency of the mode of resonance
this is why this output corresponds to that of a quasi-monochromatic source.

efficiency limit-NF
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Fig. 4:- efficiency TPV of ideal system in far field.
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Fig.5:- higher limit of output TPV in near field according to the frequency mode of resonance

We have the increase efficiency in when the frequency of resonance increases but also when the temperature
increases. This is seen moreover meadows while posing:

hao,
U=s—=>—
2. KTy

(11)

It is seen here that between 0 and 2, the output falls before taking an ascending form like illustrates it the Fig 6.
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Fig.6:- higher limit of output TPV in close field according to u.

Comparaison of limit efficiency conversion in far and near field :-

Fig7: comparison of the efficiencies of two conversion types.

We saw previously and separately the limiting output of these two types of conversion TPV. At present, we go
compared. The figure (a) shows us that the minimal value of the higher ultra-limit of the output of a device TPV
functioning in near field with a temperature to 1500k is largely higher than the maximum value of the maximum
expression of the output in far field.
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The figure (b) shows us that a device TPV ideal which functions in far field can have an output superior with that
which function in the near field by having a material which can give u high. For an apparatus TPV containing silicon
(Eg= 1.1 eV) whose temperature of emission is of 1200 K, the awaited ideal output is 90%. The output of Carnot for
a cell whose temperature of emission is of 300Kk raises to 75%. That seems utopian then for this device. As for the
apparatus functioning in far field, the output envisaged is 72.6%.
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The course (c) is the report/ratio of the output of the higher limit near field and of the output limited ideal in far field
while the curve d) translates the report/ratio of the output of conversion of the near field and the maximum far field.

Conclusion:-

We saw that conversion TPV offers a convincing output of conversion being able to exceed the limiting value
envisaged by Schockley-queisser; that it is of the near field or the far field. Of these two types of conversion TPV,
one sees that the limit of the near field is more promising. This limit is in perfect agreement with the limiting output
of Carnot; what is not the case with ideal output TPV in far field.
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