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Abstract

The temperature functional dependence of the solar cell efficiency is studied without neglecting (d//dT). The
temperature dependent parameters that determine the value of the short circuit current 7, are considered 7 is also
given as a function of the incident solar irradiance. The variation of the efficiency with temperature along the
local day time is also evaluated. The conditions governing the sign of (dV,/dT’) are indicated an illustrative

example for a silicon cell is given.
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1. Introduction

The efficiency of the solar cell and the meth-
ods to increase it, have aroused the interest of
many investigators [1-16]. The efficiency is a
measure of the cell performance. The operating
cell temperature affects its efficiency through
the functional dependence of the different
psychical quantities limiting its value.

Three main parameters are usually used to
characterize the solar cell outputs [17], these are
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— I, the short-circuit current. Ideally, this is
equal to the light-generated current.

— The open-circuit voltage V. which in prin-
cipal depends on I, the diode saturation
current.

— The fill factor FF, which in turn is a function
of V..

The above mentioned parameters dependent
on the cell temperature, nevertheless, different
authors assume in evaluating the efficiency and
its rate of variation, that the increase of /. with
temperature is negligible and accept its tempera-
ture rate of variation to be zero [17].

The aim of the present work is to clarify to
what extent this assumption is valid, and to
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study the efficiency behavior with temperature
not neglecting the dependence of 7 on the cell
temperature.

2. Derivation of the basic equations
Let us define the efficiency nas [17]

_Voc Isc FF
P

in

(1)

where, P, is the total power is the light received
by the cell.
For an ideal p—n junction cell, where [17]

V. =k—Tln([i+1) 2)
q 0

where, q is the charge of the electron = 1.6 x 107",
The saturation current density as a function of
the band gab and temperature can be written
in the form:

E,

[,=AT"e ¥ )

The value of v = 3 is accepted in the present
work, also the value of the non-ideality factor
A is taken as unity. The relation between short-
circuit current and open-circuit voltage is:

I, =1,(e"~""=1) (4)
I, = Ie"'" &)

In Eq. (3), the factor 4 is independent of
temperature, and ~ includes the temperature
dependencies of the remaining parameters
determining [, its value generally lies in the
range 1-4.

E,, is the linearly extrapolated zero tempera-
ture band gap of the semiconductor making up
the cell.

Let us find from Eq. (2) the rate of tempera-
ture variation of V__, this is obtained in the form:

oc?

dav,, V.. AkT 1 dr, I (dl
oc =£+ sc _ _sc o (6)
a7 T g (I +1,)dT 1, \dT

Experimentally, it is shown, that V_ decreases
with temperature the condition for that is given
from eq. (6) as

ATL 1 d, V, AL AL
q I, (I,+1)dT T ¢ (I +1,))dT

If both sides of Eq. (7) are equal, then V__ will
be no longer dependent on the temperature 7.

If the R.H.S of Eq. (7) is greater than its
L.H.S, then the behaviour of V, with tempera-
ture will be reversed, and the rate (dV,/dT) will
be positive.

From Eq. (3) it can be proved that:

Ldl, |y E,
— =l 4 8
1, dT {T kTZ} ®

Substituting Eq. (8) into Eq. (6) one gets

E
Vo Vo AT T JdLe )7, Ba Ll )
ar T g (I.+1)dT C|T AT

Neglecting I, with respect to /, and neglect-
ing (d/_/dT) in comparison with more significant
terms in Eq. (9), results in the expression:

(10)

B T kT?

Vo Vo AT |7 B
dar T q

Since E,, =V, g, Eq. (10) for 4 =1, gives

A, (Ve —Vu+r(kT/q)) (11)

dTr T
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Eq. (11) is the expression given in [17] for
(dV, /dT).

Evaluating the rate (d7_/dT) from Eq. (5) and
substituting into Eq. (9), one obtains:

dVOC — K)C + AkT 10
dTr T g \I +1,
Vo KT l_'_ Ego _ qVee
T kT* kT?
B AkT I, l+ Ego2 (12)
qg \I.+I, \T kT

Eq. (12) does not reveal explicitly the func-
tional depends of (dV,/dT) on the solar source
function or the geometrical and optical proper-
ties of the solar cell material.

Let us now consider, the following expres-
sion for I [1]:

I, =5(4,+AT(0.0))(1-e")q-n, (E,) (13)

Eq. (13) relates /__ to the input radiation, where
n,, (E,) is the number of photons with energy
greater than the band gab E,, 4 = (4, + 4, T (o,1)),
is the optical absorption coefficient of the front
face of the solar convertor, 4, is constant, 4, (K™")
reflects the dependence of 4 on the temperature of
the absorbing surface itself.

o (m™') represents the absorption coefficient
in the semi conductor, ¢ (m), the thickness of
absorbing semiconductor bulk.

B-collection efficiency of p—n junction.

n, (E,) number of photons with energy
greater than the band gap E,.

For simplicity the value ny,=(q()/E,) is
accepted where, ¢(?) is the solar irradiance at the
considered time.

The dependence of the band gap on tempera-
ture is expressed as [18]:
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Fig. 1.

a’'T?
E,(T)=E

g(())_T+b (1

for silicon: E,(0)=1.16eV, o’ =7x 10*eVK™,
b=1100K.

For silicon from 300K up to 1682K the fol-
lowing information are available [19],

T
a = aexp(;), T, = 346K,

1

a=317m™", 4=0.678, 4 =3.12x107,

The value (dZ/dT) is obtained from Eq. (13)
in the form

o _ Gqn, [Al (1-e")+(4,+ 4 T (o.1))

dr
?—aexp(gj exp (—af)] (15)
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Substituting (d/ /dT) (14) into (10) one gets

V. Vi , AKT oqn,,
qg I +1,

dr T

[Al (1=)+(4, + 4T (o1))

?—Texp(%)exp (—aﬁ):|

_AkT Isc 1+ go (16)
q (180+10) T KkT?

On the other hand, accepting the definition
for the efficiency n given by Eq. (1), one can
derive the following expression for the rate of
temperature variation of the efficiency as
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d—”—FF{I Ve 1y d[“} (17)

dar P | dr < dT

3. Computations

A silicon cell is considered different thick-
nesses 0.005, 0.015, 0.02 m are indicated. The
authors of the present work [20] obtained an
expression to predict the diurnal global solar
irradiance ¢(f) on a horizontal surface. Heating
problem of a solar cell subjected to incident solar
radiation is considered [21]. The integral trans-
former method is applied to get the solution.

This makes it possible to determine theoreti-
cally the diurnal temperature variation of the
cell temperature. The experimental data of ¢()
measured in Jeddah, Saudi Arabia, April 1983
[22] are used in the computations [21].
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This makes it possible to determine, the tem-
perature T of the considered silicon solar cell at
different local time in hours from sunrise up to
sunset.

For each temperature 7 [20] all the following
physical quantities are computed, namely:

En,(E,).1,.17, a7,

g "ph %027 sc’ oc?
dr (18)
d7, dy
—— 7 and e
dr dT

The obtained values corresponding to differ-
ent local day time for the solar cell thickness,
0.005, 0.0150, and 0.020 m, respectively.

4. Conclusions

The obtained results reveal that

1) Though the value of (d/ /dT) is in general
negligible, but it varies in a wide range along
the whole daytime, thus it must not be
neglected in evaluating the efficiency of the
solar cell.

2) The efficiency behaves as a slowly varying
function with temperature along the local
daytime.

3) Neglecting (dI_/dT) gives overestimated neg-
ative values of (dV,/dT)

4) The functional dependence of 7 on the inci-
dent solar irradiance makes it possible to
increase the efficiency using a more concen-
trated beam of high intensity thus suitable
laser beams will be benefit.

The thickness within the considered values is
not effective in changing the efficiency.
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