Method to extract the model parameters of solar
cells using the 1-V characteristics
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Abstract— With the increase in the capacity of photovoltaic
generation systems, studies are being actively conducted to
improve system efficiency. To develop precise solar cell
simulators or design a high-performance photovoltaic generation
system, it is important to accurately understand the physical
properties of solar cells. However, solar cell models have a non-
linear form with numerous parameters. To obtain accurate
parameter values, assumptions that differ from real operating
conditions must be made to avoid computational complexity. In
this work, we proposed a new method to analyze the
experimental current-voltage of the solar cell models, and to the
numerically extraction of the intrinsic solar cells parameters (i.e.,
the ideality factor and the series resistance). The method
suggested in the present paper is based on the use of an external
variable resistor put in series with the solar cell studied. The
validity of these methods is confirmed by its application to
current-voltage theoretical and experimental characteristics.
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l. INTRODUCTION

An accurate 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 methods have been suggested for extracting the
series resistance of a solar cell [1-5]. Some of the suggested
methods involve both illuminated and dark I-V characteristics
[1,2], while others use dynamic measurements [3] or
integration procedures [5] based on computation of the area
under the current-voltage curves. However, the other
parameters have not received the same amount of attention, and
few methods of extracting the five parameters have been
proposed [6,10-12].
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Recent methods [6-9] have been successfully applied to
different solar cells. Ortiz-Conde et al. [6] have proposed an
elegant method to extract the five parameters based on the
calculation of the co-content function (CC) from the exact
explicit analytical solution of the illuminated current—voltage
characteristics, but this method has only been tested on a
plastic solar cell. An accurate method using the Lambert W-
function has been presented by Jain and Kapoor [7] to study
different parameters of solar cells, but it has been validated
only on simulated -V characteristics. A combination of lateral
and vertical optimization was used [8] to extract the parameters
of an illuminated solar cell.

The parameter extraction method proposed in this paper uses
characteristics of the diode 1-V curve to extract the series
resistance and the ideality factor from the measured 1-V curve
of the solar cell. Our method consists in the imposing an
external variable resistor put in series with the solar cell
studied.

Il.  THEORY AND APPLICATION

The current-voltage relation for a solar cell under

illumination is given by [13]

| =I ph—l{exp(g(\/ + Rsl)j—l}esh(v +Rs1) ()

lon, s, N, R and Gg, being the photocurrent, the diode
saturation current, the diode quality factor, the series resistance



and the shunt conductance, respectively. g=q/kT is the usual
inverse thermal voltage.

For large negative bias voltages —qV«kT with shunt
resistance Ry, = (1/Gg)>Rs, which is usually true, the shunt
conductance Gsh is evaluated from the reverse bias
characteristics by a simple linear fit [11]. The calculated value
of Gy, gives the shunt current I, = GgV which can be
subtracted in turn from the measured current to yield the
current across the solar cell.

Under forward bias for V+RI»KT The current across the
diode is given by

I =Iph—lsexp(§(\/+Rsl)) (2

As mentioned bellow, our proposed technique, for the
determination of the series resistance and the ideality factor is
to impose a variable resistance in series with the sample
studied according to the following equation:

I :Iph_lsem[g(v"'(Rs"'Ris)l):l @)
Or
V=%?|u D—%?MU)(R+RM @)

In our suggested method we need only two values of the
externals resistances R; and R,, but for more confirmation of
the value of the series resistance Rs obtained one can take
several values of Ri, the equation (4) given by:

nkT nkT

V':TI (I |)__|n(|s)_(Rs+R1)|1i )

nkT nkT

V'=T| (I |)__|n(|s)_(Rs+R2)|2i (6)

By addition Eq. (5) and Eq. (6), we obtain

nkT 2nkT

In[(lph L), - ()

_RS(Ili + |2i)_ Rllli _R2|2i

For another value of Vj, we obtain
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nkT 2nkT

2V, = ln[(lph L)y = 1) = In(l ) o

_RS(Ilj + I2j)_Rl|1j - Rzlzj

By subtracting Eq. (7) from Eq. (8), we obtain

2(V, _Vj)+ R (1 - Ilj)+ R, (15 — I2j) =

nkT In (I ph — Ili)(l ph — I2i) )

q (Iph_llj)(lph_lzj)

+ RS(Ilj +1 =1y - 1)

Eqg. (9) can be written in a simpler form:

x =Ty Rz (10)
q

Where

X =20/, -V,) +R,(l; -

Y:In{(lph_
(Iph_

Z:|1j+|2j_|1i_|2i

Ilj)+ R, (I — I2j)

Ili)(lph_ I2i)
Ilj)(l ph — I2j)

Firstly we divided the Eq. (10) by Y and secondly by Z, we
defined two new quantities X/Y and X/Z as follow:

X nkT Z

. +R, = (11)
Y q *y
and

X nkTY

—=—=+Rq (12)
Z q Z

According to Eq. (11) a plot of X/Y as a function of Z/Y
should produce a straight line with slope Rs and ordinates axis
intercept of nkT/g. Similarly, according to Eq. (12) a plot of
X/Z as a function of Y/Z should produce a straight line with
slope nkT/q and ordinates axis intercept Rs. The use of either
one of these equations represents the basis of the proposed
technique.



For most practical illuminated solar cells, we usually consider
that Is«lp,, the photocurrent can be given by the approximation
lsc = lpn, where Ig is the short circuit current. This
approximation is highly acceptable, and it introduces no
significant errors in subsequent calculations [12].

The saturation current Is was evaluated using a standard
method based on the 1-V data by plotting In(lp-1) versus V.
where the 1-V data were corrected taking into account the
effect of the series resistance.

I11. DISCUSSION

In order to test the effectiveness of the method, it is applied
to the synthetic 1-V characteristics of figure 2, corresponding to
a single exponential expression, of the type of equation (3),
with Is = 13.6 10°A, n = 2.32, Rs = 8.59 Q, |,, =7.94 10°A
and three different values of series external resistances Ri =
8.79 , 8.99 and 9.19 Q. These parameters were chosen by
Ortiz-Conde et al. [6], so as to produce results comparable to
the experimental data. Then we extract the different
parameters, considering the synthetic 1-V characteristics and
using our method.

In our suggested method we need only two values of the
externals resistances, but for more confirmation of the value of
the series resistance Rs obtained one can take several values of
Ri, as an example let us take two following resistances:
R;=8.79 Q and R,=8.99 Q.

1.0
0.84
<
= 0.6
S —Rs=8590
g ——Rs=8.790
o 041 Rs =899 0
—Rs=9.19 Q
0.2-
0.0 ; r

0.0 0.2 074 076 0:8 1.0 1.2
Voltage (Volts)

Fig. 1. Current-voltage characteristics of a solar cell simulated by (3) with
Is = 13.6 10°A, n =2.32, Rs = 8.592. and three different values of series
external resistances Ri = 8.79, 8.99 and 9.19 Q
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The corresponding plot of auxiliary function X/Y as
calculated by Eqg. (11) is presented in figure 3. A value of Rs =
8.60 Q can be extracted from its slope, and the ordinates axis
intercept gives an extracted value of n=2.31. Alternatively, a
plot of auxiliary function X/Z as calculated by Eq. (12) is
shown in figure 4. It has a slope that corresponds to a value of
n=2.32, and an ordinates axis intercept corresponding to an
extracted value of Rs =8.58 Q. It is clear that all the parameters
extracted with the proposed method are in excellent agreement
with their theoretical values.
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Fig. 2. Plot of (11) using simulated data of Fig. 1. the slope gives an
extracted value of Rs = 8.60 ©Q, and the ordinates axis intercept gives an
extracted value of n=2.31.
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Fig. 3. Plot of (12) using simulated data of Fig. 1. The slope gives an
extracted value of n=2.32, and the ordinates axis intercept gives an extracted
value of Rs =8.58 Q.



In the last part of this paper we present a experimental
comparison of our proposed methods with the set of
other methods [6,14] for the purpose to make a
comparison with our proposed methods. The obtained
results are shown in Table 1. Good agreement is
obtained between the parameters used in modelling
and the extracted values.

TABLE 1 EXPERIMENTAL EXTRACTED PARAMETERS
VALUES OF A COMMERCIAL SILICON SOLAR CELL USING
VARIOUS METHODS

- Ortiz- In this

seraer | e ™ | Conde | TR | wark
Rs (Q) 8.59 8.586 8.59 8.59
n 2.32 2.59 2.31 2.31

Is (A) 136 10° 3.2910° | 13.610° | 13.610°

IV. CONCLUTION

In this paper, a simple and powerful method of
extracting parameters of a solar cell model was
proposed. The proposed method is useful for the
accurate and easy extraction of solar cell parameters
from the 1-V curve provided by the manufacturer or a
measured |-V curve.

The method has been on the successfully applied
to commercial solar cells and the results obtained are
in good agreement with those published previously.
The method is very simple to use and presents the
advantage of being independent of the voltage step. It
allows real time characterisation of different types of
solar cells and modules in indoor or outdoor
conditions.
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