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Introduction semiconductor devices is the search for ways to
It is shown from the calculations that the improve the efficiency of semiconductor solar cells
dependence of the effective power on the nonideality (SC). To increase the efficiency of the SC, it is first of
factor of the current-voltage characteristic set at the all necessary to study the quality of the pn junction,
point where the short-circuit current is determined is which is the basis of the structure, and the relationship
exponential, and at the point where the effective of  the photovoltage-ampere characteristic
power is determined is linear. (photovoltage characteristic) of physical indicators of
In recent years, all over the world, one of the quality assessment under the indicated conditions
main and urgent problems of the physics of with the coefficient of imperfection of the photovacc
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As you know, the coefficient of imperfection of
SCs made on the basis of semiconductors is
determined by the type of current passing through
them [1-10], namely the coefficient of the curvature
angle of the photoVAC curve, which shows the
quality of the pn junction that is the basis of the pn
junction. Therefore, the coefficient of non-ideality of
the solar cell, depending on the type of current, can be
equivalent at different points of the photoVAC. The
current generated in the solar cell can be divided into
two types: generated as a result of the generation of
current carriers, then the nonideality coefficient will
change in the interval n = 1-1.5; the main current is
formed as a result of the recombination of current
carriers, then the coefficient of imperfection of the
photoVAC will change in the interval n = 2-2.5; if the
type of current is formed as a result of both generation
and recombination of current carriers simultaneously,
then the coefficient of imperfection of the photoVAC
will change in the interval n = 2.5-5 [1-10].

Based on the research we made in our early
works [1-10], we obtained expressions for the
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where U is the open-circuit voltage, joo is the
saturation current at To — room temperature, ¢ is the
height of the potential barrier, ¢o is the height of the
potential barrier at absolute zero, vy is the temperature
coefficient of the potential barrier, n'1is the coefficient
of imperfection of the photoPC at the point where
short-circuit current density.

As you know, the effective power density of the
solar cell, that is, the maximum possible reproducible
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If we take into account that the values of the
short-circuit current density (jsc) and saturation

_ )l_|_
2 T, @
1
TO

1 q(pe —7T)
b enfton

1— Jo Jk_TIn Jis KT

determining effect of temperature on the effective
voltage and current density of the solar cell:
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whereUyx - open-circuit voltage, js- short-circuit
current density, jo - saturation current density, k-
Boltzmann constant, g-electron charge, n; -
nonideality coefficient of photoVAC where effective
power is determined.

In work [1-10] for the temperature dependence
of open circuit voltage, saturation current density,
short-circuit ~ current  density, the following
expressions were obtained:
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power by them is determined by the product of the
effective voltage and the effective value of the current
density emanating from the solar cell.

(6)
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Now it can be seen that to bring the formula that
determines the effective power density of the solar
cell. Therefore, in expression (6) supplying
expressions (1) and (2), we get the following equation
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current density (jo) are negative, then formula (7)
will look like this:

Psd) — kTJK3 [1_'_ _JO _ nl2 kT]In J-K3 kT . (8)
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Using this expression, one can determine the
effective power density of the solar cell. It can be seen
that formula (8) is clearly independent of ns, but this
expression contains a short-circuit current density, so
the effective power will also depend on this
coefficient.

Figure 1 shows the results of calculating the
dependence of the effective power on the coefficient
of non-ideality of the ESS at the point where, the
short-circuit current density is determined, according
to the formula (8). Calculations were made for the
values: To= 273K, T=300 K, jo=3.5*10-10A / cm?,
Usi=0.63V,p=123Vandy=2*10-4V/Kand
n, '= 2.5. It can be seen that as the nonideality
coefficient increases, the effective power decreases
exponentially. With changes in the value of the
nonideality coefficient from 1 and 3.8, the effective
power changes in the range from 75.9 mW / cm? to
2.94 * 10-8 mW / cm?

Figure 2 shows the calculation of the dependence
of the effective power on the coefficient of non-
ideality of the ESS at the point where the effective
power is determined by formula (8). Calculations are
performed for the values: To =273 K, T=300 K, jo =
35*10-10 A/cm? Us=0.63V, po=1.23Vandy=

P, BT/M?

2*10-4V /K and n; '=1.0028. As can be seen from
the figure, this dependence is linear; with an increase
in the nonideality coefficient from 1 to 3.8, the
effective power of the solar cell decreases in the
interval Pegt = (74.5 - 66.4) mW / cm?,

This study presents a formula for determining
the effective power of the solar cell. This formula
theoretically investigated the dependence of the
effective power on the coefficient of nonideality of the
solar cell. From these calculations it can be seen that
the growth of the nonideality coefficient, at the point
where, the short-circuit current density is determined,
lead to a very strong decrease in the effective power
of the solar cell. And this leads to a general decrease
in the efficiency of the solar cell.

It has been determined that the dependence of
the effective power on the non-ideality factor, which
is set at the point where the effective power is
determined, is linear and does not so strongly affect
the efficiency of the solar cell. The following
conclusions can be drawn from the results obtained.
With any increase in the coefficient of non-ideality of
the solar cell, this will lead to a decrease in the values
of the effective power, which will contribute to a
decrease in the efficiency of the solar cell.
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Fig. 1. The calculation results obtained by the formula (8), for the dependence of the effective power on the
coefficient of nonideality of the ESS at the point where, the short-circuit current density is determined.
Calculations were made for the values:: To=273K, T=300 K, jo=3,5«104/cm? Uw=0,63 B, po=1,23V
andy=2+10"*V/Kand n2’=2,5.
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Fig. 2. The results of calculating the dependence of the effective power of the solar cell on the coefficient of
nonideality of the solar cell at the point where the effective power is determined, obtained by the formula (8).

Calculations are performed for the values: To=273K, T=300 K, jo=3,5+10"%4/cm?, U=0,63 B, po=1,23
Vandy=2-10*V/Kandn1’=1,0028.
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