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Determination of Solar Cells Parameters
under Illuminated Conditions
M. Chegaar, Z. Ouennoughi, F. Guechi, and H. Langueur

Abstract-- This paper presents a comparative study of four
methods for extracting solar cell parameters of the single diode
lumped circuit model. These parameters are usually the
saturation current, the series resistance, the ideality factor, the
shunt conductance and the photocurrent. The methods are the
vertical optimisation method, the analytical five-point method,
and two methods we have proposed and based on the current
voltage characteristics and the subsequently calculated
conductance. Parameter values were extracted using these
different methods from experimental I-V characteristics of a
commercial solar cell and a module.
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I. INTRODUCTION

T

he knowledge of solar cell model parameters from
measured current-voltage (I-V) characteristics is of
vital importance for the quality control and evaluation of
the performance of the solar cells. Several authors [1]-[16]
proposed methods to devise ways for extracting the
parameters that describe the non-linear electrical model of
solar cells. These parameters are usually the saturation
current, the series resistance, the ideality factor, the shunt
conductance and the photocurrent. Some of the
suggested methods involve both illuminated and dark I-V
characteristics [1]-[2], while others use dynamic
measurements [3]-[4] or integration procedures [5] based
on the computation of the area under the current-voltage
curves.
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In addition, least-square numerical techniques [14]-[23]
have been proposed. Among the latter, and of interest for
us here for the sake of comparison, is a non-linear leastsquare optimization algorithm based on the Newton
method modified by introducing the so-called Levenberg
parameter [24].
Another method [26], we slightly modified and based on
the experimental voltage and slope at the open circuit
point, the maximum power point, and the current and slope
at the short circuit point, is also dealt with.
Werner [25] proposed a method based on the current and
the conductance of both Schottky diodes and pn
junctions to extract relevant device parameters. This
technique has been adequately modified, extended to
cover the case of solar cells, and used to extract the
parameters of interest [28]. The second method we have
proposed is a non linear least squares optimization
algorithm [31] based on the Newton model using the
measured current-voltage data and the subsequently
calculated conductance of the device.

II. THEORY AND A NALYSIS

At a given illumination, the current-voltage relation for a
solar cell is given by:

I = I ph − I d − I p

β
 
= I ph − I s exp  (V + IR s ) − 1
n
 

− G sh (V + IR s )

(1)

Iph, Id, Is, n, Rs and Gsh (=1/Rsh) being the photocurrent,
the diode current, the diode saturation current, the diode
quality factor, the series resistance and the shunt
conductance, respectively. β=q/kT is the usual inverse
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thermal voltage. Equation (1) is implicit and non solvable
analytically.

A. The Vertical Optimisation Method
This method consists of a non linear least-square
optimization algorithm based on the Newton method
modified by introducing the so-called Levenberg
parameter. This was proposed by Easwarakhantan et al
[24] and used to extract the five illuminated solar cell
parameters mentioned above.
The problem is then to minimize the objective function S
with respect to the set of parameters P:

[

]

2
N
S ( P) = ∑ I − I i (Vi , P )
i =1 i


V


V 
B = ln  I sc − m − I m  − ln  I sc − oc 
Rsh 0
Rsh




Im
C=
V
I sc − oc
Rsh 0
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I s =  I sc − oc  exp − β oc 
R sh  
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(6)

R s = Rs 0 −

n'
V 

exp − β co 
β Is
n' 

(7)

(2)
Where P is the set of unknown parameters P=( Iph, Is, n,
Rs, Gsh) and Ii, Vi are respectively the measured current,
voltage at the ith point among N measured data points.
Newton's method is used to obtain an approximation to
the exact solution for the non nonlinear resulting set of
equations F(P)=0, derived from multivariate calculus for a
minimum to occur. The Newton functional iteration
procedure evolves from:

(Pj ) = (Pj −1)− [J (P )]−1 F (P)

A = Vm + Rs0I m − Voc

(3)

where J(P) is the Jacobean matrix.


R 
I R


I ph = I sc 1 + s  + I s  esp β sc s − 1
n'


 R sh 
(8)
Where

R s0 = -

dV
dI

V =V oc

(9)

Rs0 and Rsh0 are obtained from the measured
characteristic by a simple linear fit.
We have slightly modified the expression of the ideality
factor and is given by

n = 1 0 n'
(10)

B. The Analytical Five Point Method

C. Our Methods

Using this method the characteristic parameters of the
solar cell are computed from the values of the open circuit
voltage Vco, the short circuit current Isc, the voltage at
maximum power point Vm, the current at maximum power
point Im, the slope at open circuit point Rs0, and the slope
at short circuit point Rsh0 measured from the I-V
characteristic. The following expressions are derived [26]

R sh = R sh0 = -

dV
dI

I = I sc

(4)

n' =
Where

βA
B+C

(5)

The techniques we developed use the measured current
voltage characteristics and the subsequently calculated
conductance of the device.
1) The Conductance Optimisation Method
A non-linear least squares optimization algorithm based
on the Newton model is used to evaluate the different
solar cell parameters. The problem consists of minimising
the objective function S with respect to the set of
parameters P [31]:
2
N
S ( P ) = ∑ G − G i ( Vi , I i , P )
i=1
(11)
Where P is the set of unknown parameters P=(Is, n, Rs,
Gsh) and Ii, Vi are respectively the measured current,
voltage and the computed conductance Gi=dIi/dVI at the ith

[

]
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point among N measured data points. Note that the
differential conductance was determined numerically for
whole I/V curve using a method based on the least
squares principle and a convolution [30].
The conductance can be written as:

G=−

χ
1 + Rs χ
(12)

Where χ is given by:

χ=
The

β
n

{I ph + I s − I − G sh (V + R s I )}+ Gsh

term

between

brackets

is

equal

(13)
to

β
(V + IRs )
n
 and when replaced in equation

Is exp

(12), the conductance G will be independent of the
photocurrent Iph.
Consequently, by minimizing the sum of the squares of
the conductance residuals instead of minimizing the sum
of the squares of current residuals as in [24], the number
of parameters to be calculated is reduced from five P=(Is, n,
Rs, Gsh, Iph) to only four parameters P=(Is, n, Rs, Gsh). The
fifth parameter, the photocurrent, can be easily deduced.
It is therefore stressed that the here proposed method is
not based on the I-V characteristics alone but also on the
slope of this curve, i.e. the conductance G. It has been
demonstrated that it is not sufficient to obtain a numerical
agreement between measured and fitted I-V data to verify
the validity of a theory, but also the conductance data
have to be predicted to show the physical applicability of
the used theory [25].
For minimizing the sum of the squares, it is necessary to
solve the equations:
∂S
=0
∂x
(14)

Where x stands for all free parameters that are used for
characterizing the I-V curve. The solution of these
equations can be found using the Newton’s method.
Although Newton procedure converges rapidly, it has a
major difficulty in converging to the solution unless a
sufficient accurate starting point for P should be found.
To overcome this problem the simple conductance
technique recently published by the authors [28] has been
used.

2) The Simple Conductance Technique
This method is based on Werner’s method [25] that uses
the current and the conductance of both Schottky diodes
and pn junctions to extract relevant device parameters.
This method has been adequately modified and extended
to cover the case of solar cells, and used to extract the
parameters of interest. For large negative bias voltages

1
G sh >>R ,
− qV >> kT , with shunt resistance
s
which is usually true, the shunt conductance Gsh is
evaluated from the reverse bias characteristics by a simple
linear fit. The calculated value of
Rsh =

Gsh gives the shunt current Ip=GshV which can be
subtracted in turn from the measured current to yield the
current across the solar cell.
Under forward bias for V+RsI>>kT the current across the
diode is given by :

(

)

β

I = I ph − I s exp  V + IR s 
n


(15)

from which the conductance G = dI dV of the diode is
obtained :

(

)

β
1 + Rs G  I ph − I 


n
(16)
The above equation can be written in a more convenient
form as :
G=−

(

G
β
= − 1 + R sG
 I − I 
n
 ph


)
(17)

G  I ph − I 

 versus
Equation (17) shows that a plot of
the conductance G should give a straight line that yields β/n from the intercept with the y axis and slope -βRs/n. For
most practical solar cells, we usually have Is<<Iph such that
the approxima tion I ph ≅ I sc (Isc is the short circuit
current) is highly acceptable and introduces no significant
errors in subsequent calculations.
The saturation current Is was evaluated using a standard
method based on the forward I-V data [30]. Prior to this,
the I-V data was corrected by taking into account the
effect of the series resistance as obtained from the linear
plot of

(

G I ph − I

) versus G.
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The obtained values are then taken as initial values and
injected in the optimization program in order to determine
the model parameters.
As test examples, the measured I-V data of a 57 mm
diameter commercial (RTC France) silicon solar cell and a
solar module (Photowatt- PWP 201) in which 36
polycrystalline silicon cells are connected in series are
considered [24].
The results obtained using the different methods
proposed here for both the solar cell and the module are
given in Table 1. The agreement between the obtained
results is remarkable particularly for the solar cell. Figs. 1
and 2 show a comparison between the experimental data
and the fitted curves derived from (1) with the parameters
shown in table 1.

parameters simultaneously which is the main advantage of
non linear least squares methods. Indeed, by minimizing
the sum of the squares of the conductance residuals,
which is the case of our second method, instead of
minimizing the sum of the squares of current residuals as
in [24], the number of parameters to be calculated is
reduced from five to only four parameters. The fifth
parameter, the photocurrent, can be easily deduced and it
is therefore to emphasis that our proposed method is not
based on the I-V characteristics alone but also on the
slope of this curve, i.e. the conductance G. The method
also avoids the problems of undesired oscillations
because starting values are close enough to the optimal
parameters.
0,8

Table1. Extracted parameters using different methods for a
solar cell and a module
Vrt Opt.

Gsh (Ω -1)
Rs (Ω )
n
Is (µA)
Iph (A)

0.0186
0.0364
1.4837
0.3223
0.7608

-1

Gsh (Ω )
Rs (Ω )
n
Is (µA)
Iph (A)

0.00182
1.2057
48.450
3.2876
1.0318

An.5-Pt.
Smp.Cnd.
Cell (33°C)
0.0094
0.02386
0.0422
0.0385
1.4513
1.456
0.2417
0.46
0.7606
0.7603
Module (45°C)
0.00145
0.00145
1.2226
1.2293
47.533
48.93
2.5908
46
1.0320
1.030

Cnd Opt
0.0202
0.0364
1.5039
0.4039
0.7608

Current (A)

Parameter

0,6

VrtOpt
An5Pt
SmpCnd
CndOpt

0,4

0,2

0,0

-0,2
-0,2

0.005
1.146
51.32
6.77
1.035

0,0

0,2

0,4

0,6

Voltage (V)

Fig.1. Experimental data (n) and the fitted curves for the
commercial ( RTC France) solar cell.

1,25

III. CONCLUSION

0,75

Current (A)

We have compared four methods to extract the solar
cells parameters: our methods, the modified analytical fivepoint method and the vertical optimisation method. The
modified analytical five-point method gives parameter
values that are close to those obtained by the optimisation
techniques. Although it seems faster and simpler, the
uncertainties prevailing in measuring the open circuit
voltage and the short circuit current, in locating the
maximum power point and in graphically determining the
two slopes, impede an accurate solution for the parameters
and thus a constructed fit may not represent accurately
the I-V characteristics over its whole range. Our simple
conductance technique has the advantage that it needs no
a priori knowledge of the parameters. Note however, the
drawbacks of the method is that in the case of the module
our calculated saturation current is far higher than that
obtained numerically and it does not give all the

1,00
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Fig. 2. Experimental data (n) and the fitted curves for the
commercial ( Photwatt-PWP 201) solar module.

20

M. Chegaar et al. / Journal of Electron Devices, Vol. 2, 2003, pp. 17-21

REFERENCES
[1] M. Wolf, and H. Rauschenbach, Advanced Energy
Conversion, 1963, 3, 455.
[2] M. S. Imamura, and J. I. Portschheller, Proc. VIII. IEEE
Photovoltaic Spec. Conf., Seattle 1970 (p.102).
[3] J. P. Charles, M. Abdelkrim, Y. H. Muoy, and P. Mialhe,
1981, Solar Cells, 4, 169-178
[4] S. K. Agrawal, R. Muralidharam, A. Agrawala, V. K. Tewary,
and S. C. Jain, J. Phys. D, 1981, 14, 1634.
[5] G. L. Araujo, and E. Sanchez, 1982, IEEE Transactions on
Electron Devices Vol ED-29, 1511 -1513.
[6] J.Cabestany and L. Castaner , Revue Phys. Appl. 18,565 -567,
1983
[7] D. Laplaze, and I. Youm, Solar Cells, 1985, 14, 167-177
[8] D. Laplaze, and I. Youm, Solar Cells, 1985, 14, 179-186
[9] A. Kaminsky, J. J. Marchand, A. Laugier, 26th IEEE
Photovoltaic Specialist Conference, 1997.
[10] A. Kaminsky, J. J. Marchand Laugier, Solid-state Electronics,
1999, 43, 741 -745
[11] K. Rajkanan, and J. Shewchun, Solid-St. Electron., 1979, 22,
193.
[12] A. G. Aberle, S. R. Wenham, M. A. Green, In: 23th IEEE
Photovoltaic Specialist Conference, 1993. P.133.
[13] E. Van Kerschaver, R. Einhaus, J. Szlufcik, J. Nijs, R. Mertens,
In: Proc. 14th Euro. Com. PV. Sol. En. Conf., 1997. P.2438.
[14] P. Miahle, A. Khoury and J. P. Charles, phys. Sta. Sol. (a),
1984, 83, 403
[15] M. Bashahu, and A. Habyarimana, Renewable Energy,
1995,6,2, 129 -138
[16] D. S. H Chan, J. R. Phillps, and J. C. H. Phang, Solid-state
Electronics, 1986, 29, 3, 329-337.
[17] M. Wolf, G. T. Noel, and R. J. Strin, IEEE Trans. on Electron
devises, 1977, 24, 419
[18] J. Cabestany, and L. Castaner, J. Phys. D: Appl. Phys. 1983,
16, 2547.
[19] D.fuchs and H. Sigmund, solid state Electronics V29, N8,
P791, 1986.
[20] J. P. Charles, I. Mekkaoui-Allaoui, and G. Bordure, Solid-state
Electronics, 1985, 28, 8, 807-820
[21] S. K., Datta, K. Mukhopadhyay, S. Bandopadhyay, and H.
Saha, Solid-St. Electron., 1992, 35-11, 1667.
[22] J. Boucher, M. Lescure, and J. Vialas, 1978, Proc. 1st Euro.
Com. Ph. Sol. En. Conf., 1044-1055
[23] J.P., Charles, M. Abdelkrim, Y.H. Muoy, and P. Mialhe, 1981,
Solar Cells, 4, 169-178.
[24] T. Easwarakhanthan, J. Bottin, I. Bouhouch, and C. Boutrit,
1986, Int. J. Sol. En., 4, 1-12.
[25] J. H. Werner, 1988, Applied physics A, 47, 291-300.
[26] D. S. H Chan, G. R. Philips, J. C. H. Phang, Solid-St.
Electron., 1986, 29, 329-337.
[27] Z. Ouennoughi, K. Boulkroun, M. Remy, R. Hugon, and J. R.
Cussenot, 1994, Jour. phys. D: Ap. Phy., 27,1-6.
[28] Z. Ouennoughi, and M. Chegaar, Solid-St. Electron., 1999, 43,
1985-1988.
[29] S.M. Sze, 1981 Physics of Semiconductor Devices, (New York
, USA : Wiley).
[30] F. Fujita, and H. Yamazaki, 1990, Japanese Journal of applied
Physics.
[31] M. Chegaar, Z. Ouennoughi, A. Hoffmann, Solid State
Electronics, 45 (2001) 293-296

21

