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Abstract: This paper presents, a simplified accuracy solar cell mathematical model is suggested depend on the analysis
of single-diode PV cell mathematical model, and afford a parameter determination method depend on two methods
Newton-Raphson method (NRM). The voltage of the single-diode is measured numerically based on NRM, then the
current and power of the diode is predicted with the variable resistance parameter characteristics are tested under
different values of load resistance R from (1-5) Ω under room temperature conditions. The results show that the
proposed mathematical model (equation) can quickly and accurately for the PV model I-V and P-V characteristics,
which have good methods, and supplies strong support for solar cell system related work.
Keywords: Newton-Raphson Method; Solar Cell Parameters; Mathematical Model; Output Characteristics;
Single-diode Equivalent Circuit

1. Introduction
Renewable energy such as solar, wind, wave, and

other energy provides new solutions to the growing
energy needs. Solar energy is one of the best and most
common energies, including photovoltaic technology,
which directly generates electricity from solar radiation
to DC using semiconductor materials. They are made of
monocrystalline or polycrystalline silicon. Due to the
exposure of these cells to some external conditions and
factors affecting their performance and efficiency, it is
necessary to predict their performance under the
influence of these conditions. PV cells of any
representation of their behavior through mathematical
equations, which gives the cell stream as a relationship in
its best-known curves characteristics of equations,
actually represent the behavior of electrical components
circuit equivalent to a cell photovoltaic, which gives the
performance its indicators as the value of the maximum
possible efficiency cell capacity. The application of the
solar cell in satellite (Celestial Mechanics) which the

Kepler and Barker equations can be calculated as a
nonlinear equation[1-8]. In addition, solar energy is used
as an alternative energy to conventional sources such as
oil and gas, as it generates clean energy in large
quantities and can be transported over long distances.
Solar cells can be categorized based on its materials and
manufacture process, e.g. monocrystalline,
polycrystalline, and thin films, while emergent PV cell
can be classified into organic, quantic point; sensitized;
CZTS; perovskite and polymer solar cells[9-37]. Another
application of solar cell is Laser application[38-40]. It is
a branch of mathematics that studies algorithms to solve
some mathematical problems related to the use of simple
mathematical operations in various areas such as
sciences and engineering by using fractional differential
equations, optimal control theory and integral
equations[41-67].

This paper analyzes the single-diode equivalent
circuit model, establishes an accurate engineering
mathematical model based on precise mathematical
model. Newton- Raphson parameter calculation method
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(NRM) is extracted to solve solar cell model, which has
an advantage of fast convergence. If we have good initial
values, it can accelerate convergence, and precise
solution can be got after generally 3-7 times iteration, at
the same time meets the requirement of speed and
accuracy. By means of the proposed method, this
research sets up a simulation model (solar cell model) in
MATLAB. The established PV cell model is tested for
this method and results show that the (NRM) model has
sufficient sensitivity with fewer numbers of iterations in
the different values of load resistance in ambient
conditions.

2. Analysis of Engineering
Mathematical Model
2.1 Single-diode PV Cell Mathematical
Model

The method of graphing the relationship between
current and voltage produced by a solar cell is the
standard form of representation of a cell's output. This
graphical representation is called the current-voltage
curve (IV Curve). This curve shows an integrated picture
of all possible combinations of current and voltage
produced by the cell under specific environmental
conditions such as radiation, ambient air mass, and
temperature. The most commonly used equivalent circuit
is a DC source connected in parallel to a semiconductor
diode. The equivalent circuit for the simplest solar cell
consists of diode and current source connected
paralleling, as shown in Figure 1.

Figure 1. PV-cell equivalent-circuit models: single-diode

model.

Current source current is directly proportional to the
solar radiation and diode represents PN junction of a
solar cell. Equation of ideal solar cell, which represents
the ideal solar cell model, is
Ipv = Iph − ID Ideal PV cell equation (1)

ID = I0 e
−Vpv
nVT − 1 Diode equation

I = Iph − I0 e
−Vpv
nVT − 1 (2)

where:
��t is the photocurrent in �th ; �0 is reverse

saturation current in �th ; ��� is diode voltage in ��h ;
�� is thermal voltage = 27.5 ≅ 26 �� at (� = 25 oC
Air-Mass = 1.5); n is diode ideality factor (1 t h t 2h .
On the other hand, thermal voltage can be determined in
the following equation

�� =
��
�

(3)

where:
� is Boltzmann constant= 1.��× 10−2��th ; � is

PV temperature in �hh ; q is the charge of
electron=1.6× 10−19 C.

2.2 Newton-Raphson Method (NRM)

As can be seen, the inclusion of a series resistance
makes the solution for current a recurrent equation. One
initially applied simple iterative technique only
converged for positive currents, but Newton-Raphson
method (NRM) used converges much more rapidly, and
for both positive and negative current.

NRM can be applied to calculate the voltage of the
single-diode Vpv as follows

�݂�ሺh
�ሺ

= ݂ ሺ1 −݂�ሺ0h
ሺ1−ሺ0

(4)

From above equation; in order to calculate x
ሺ1 − ሺ0 =

݂ ሺ1 −݂�ሺ0h
�݂�ሺ0h
�ሺ0

then x1 = x0 −
f�x0h
df��x0h
dx0

generalizing NRM
xn+1 = xn −

f�xnh
f��xnh

(5)

This process is repeated until the convergence
criterion is satisfied:

ሺ� − ሺ�−1 t � (6)
where � = 10−10 is the error tolerance. A graphical
representation of Eq. 6 can be seen in Figure 2.

It is apparent that for every approximation ሺ�−1 ,
a better one (ሺ�) of the actual solution xi can be achieved
through Eq. 5, ሺ� is at the intersection of the function's
tangent at ሺ�−1 and axis ሺ.
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Figure 2. Graphical explanation of the Newton-Raphson

method.

The following algorithm suggestion for solving Eq.
15 by using NRM (see Figure 3)

INPUT initial approximate solution x0 = 1 ,
tolerance , maximum number of iterations N.

OUTPUT approximate solution xn+1
Step 1: Set x = 0
Step 2: while i ≤ x0
Step 3: Calculate
xn+1 = xn −

f�xnh
f��xnh

for n = 0, 1, 2,….

Step 4: if ሺ� − ሺ�−1 t � ; then OUTPUT ሺh+1
and stop.

Step 5: Set h = h + 1; � = � + 1 and go to Step 2.
Step 6: OUTPUT.

Figure 3. Simulation results.

From Figure 1 ��t � ��晦䁔�䀀㌳ suppose for 1000 Wt
m2 of isolation ��t = 10 A

��t = ��晦䁔�䀀㌳ (7)

�� = �� ∗ ㌳
��
h�h − 1 t = �� ∗ ㌳

��
h�� − 1 (8)

where h ideally factor 1 t h t 1.5 , �� reverse
saturation current= 10−12t. In parallel, �� = ��� = �

��� = ��t − �� (9)
where ��� = ��� × �→ ��� =

�
���

(10)

��� = ��t −
�
���

(11)

From Eq. 4,
��t − ��� =

�
���

(diode) (12)

��� = ��t −
�
���

�1�h

then
��t − �� =

�
���

�14h

Substitute Eqs. 7 and 8 into Eq. 14 we get

� − 10−12 ㌳
−���

1.2∗0.026 − 1 = �
���

(15)

Eq. 15 can be applied to determine ��� of the
diode by using this equation and the first derivative of
this equation.

3. Results and Discussion
To evaluate and compare the performance of the

��NRM in catering for the variations of parameters, with
the current ��� and voltage ��� , of a solar cell,
MATLAB software has been developed to extract
parameters of this cell. The values of the parameters
can be obtained as the voltage ��� have different values;
also; with the different values of the load resistance � .
The values of R is between 1 to 5 Ω, and using Eq. 16
and the derivative �݂ �ሺh by means of NRM we can get
the Tables from 1 to 5. Table 1 shows the values of the
��� and ��� depending on the extracted values of ���
and using the Eq. 15 based on NRM when the load
resistance � = 1 . Then, the values of ��� and ���
can be calculated.

Figure 4 shows number of iterations vers the solar
cell parameters ��� , ��� and ��� . From this Figure;
on can see that the values of the initial values of the
voltage ��� is higher than those of ���

Table 2 shows the values of the ��� and ���
depending on the extracted values of ��� based on
NRM when the load resistance � = 2.

Figure 5 shows number of iterations vers the solar
cell parameters ��� , ��� and ��� . From this Figure;
on can see that the values of the initial values of the
voltage ��� is higher than those of ���

Start

Define: �, �, h,
�晦䀀, ��䀀, ��㌳݂

��, ��t, ��

NRM to calculate Current

I-V and P-V
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Iterations R �� ��-NRM Ipv-NRM Ppv-NRM �

1 1 x0 1 1 1 0.028583139

2 1 x1 0.971416861 0.971416861 0.943650719 0.024684255

3 1 x2 0.946732606 0.946760241 0.896354955 0.0168669

4 1 x� 0.929865706 0.929997245 0.864894877 0.006617812

5 1 x4 0.923247893 0.923543615 0.852932809 0.000813893

6 1 ሺ5 0.922434 0.922805274 0.851569573 1.08636㌳−05

7 1 ሺ6 0.922423136 0.922800229 0.851560264 1.9025㌳−09

8 1 ሺ7 0.922423135 0.922800256 0.851560312 1.11022㌳−16

9 1 ሺ� 0.922423135 0.922800256 0.851560312 0.000000000

Table 1. Number of iterations using Newton-Raphson method with absolute error � when � = 1.

Iterations R �� ��-NRM Ipv-NRM Ppv-NRM 
1 2 x0 1 0.5 0.5 0.028969528

2 2 x1 0.971030472 0.485515236 0.471450089 0.025608505

3 2 x2 0.945421967 0.472710983 0.446911348 0.01858749

4 2 x� 0.926834477 0.463417238 0.429511073 0.008395731

5 2 x4 0.918438746 0.459219373 0.421764865 0.001371861

6 2 ሺ5 0.917066885 0.458533442 0.420505836 3.14863㌳−05

7 2 ሺ6 0.917035399 0.458517699 0.420476961 1.61176㌳−0�

8 2 ሺ7 0.917035382 0.458517691 0.420476946 4.21885㌳−15

9 2 ሺ� 0.917035382 0.305678461 0.280317964 0.000000000

Table 2. Number of iterations using Newton-Raphson method with absolute error � when � = 2.

Figure 4. No of iterations against Vpv, Ipv , Ppv at R = 1. Figure 5. No of iterations against Vpv, Ipv , Ppv at R = 2.



24 | Mohammed RASHEED et al. Electronics Science Technology and Application

Table 3 shows the values of the ��� and ���
depending on the extracted values of ��� based on
NRM when the load resistance � = �.

Figure 6 shows number of iterations vers the solar
cell parameters ��� , ��� and ��� . From this Figure;
on can see that the values of the initial values of the
voltage ��� is higher than those of ���.

Table 4 shows the values of the ��� and ���
depending on the extracted values of ��� based on
NRM when the load resistance � = 4.

Figure 7 shows number of iterations vers the solar
cell parameters ��� , ��� and ��� . From this Figure;
on can see that the values of the initial values of the
voltage ��� is higher than those of ���.

Iterations R �� ��-NRM Ipv-NRM Ppv-NRM 
1 3 x0 1 0.333333333 0.333333333 0.029356208

2 3 x1 0.970643792 0.323547931 0.31404979 0.02655956

3 3 x2 0.944084232 0.314694744 0.297098346 0.020489989

4 3 x� 0.923594243 0.307864748 0.284342109 0.010716403

5 3 x4 0.91287784 0.304292613 0.277781984 0.002376578

6 3 ሺ5 0.910501262 0.303500421 0.276337516 9.77309㌳−05

7 3 ሺ6 0.910403531 0.303467844 0.276278197 1.57416㌳−07

8 3 ሺ7 0.910403374 0.303467791 0.276278101 4.07563㌳−1�

9 3 ሺ� 0.910403374 0.227600844 0.207208576 0.000000000

Table 3. Number of iterations using Newton-Raphson method with absolute error � when � = �.

Iterations R �� ��-NRM Ipv-NRM Ppv-NRM 
1 4 x0 1 0.25 0.25 0.029743178

2 4 x1 0.970256822 0.242564205 0.235349575 0.027538101

3 4 x2 0.94271872 0.23567968 0.222179646 0.022595711

4 4 x� 0.920123009 0.230030752 0.211656588 0.013776515

5 4 x4 0.906346494 0.226586624 0.205365992 0.004268788

6 4 ሺ5 0.902077706 0.225519427 0.203436047 0.000335204

7 4 ሺ6 0.901742503 0.225435626 0.203284885 1.90082㌳−06

8 4 ሺ7 0.901740602 0.225435151 0.203284028 6.06911㌳−11

9 4 ሺ� 0.901740602 0.18034812 0.162627223 0.000000000

Table 4. Number of iterations using Newton-Raphson method with absolute error � when � = 4

Figure 6. No of iterations against Vpv, Ipv , Ppv at R = �. Figure 7. No of iterations against Vpv, Ipv , Ppv at R = 4.
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Table 5 shows the values of the ��� and ���
depending on the extracted values of ��� based on
NRM when the load resistance � = 5.

Figure 8 shows number of iterations vers the solar

cell parameters ��� , ��� and ��� . From this Figure;
on can see that the values of the initial values of the
voltage ��� is higher than those of ���.

Iterations R �� ��-NRM Ipv-NRM Ppv-NRM 
1 2 x0 1 0.2 0.2 0.03013044

2 2 x1 0.96986956 0.193973912 0.188129393 0.028544829

3 2 x2 0.941324731 0.188264946 0.17721845 0.024928888

4 2 x� 0.916395843 0.183279169 0.167956268 0.017860198

5 2 x4 0.898535645 0.179707129 0.161473261 0.008058636

6 2 ሺ5 0.890477009 0.178095402 0.158589861 0.001351246

7 2 ሺ6 0.889125763 0.177825153 0.158108925 3.30291㌳−05

8 2 ሺ7 0.889092734 0.177818547 0.158097178 1.91907㌳−0�

9 2 ሺ� 0.889092715 0.177818543 0.158097171 0.000000000

Table 5. Number of iterations using Newton-Raphson method with absolute error � when � = 5

Figure 8. No of iterations against Vpv, Ipv , Ppv at R = 5.

4. Conclusion
Mathematical model of the solar cells has strongly

nonlinear, multi-parameter that cannot meets needs of
practical engineering problems. This research proposed
PV cells engineering mathematics model based on
single-diode. Newton-Raphson iterative method has been
used which is a relatively simple method to calculate the
model parameters. Using this method created
engineering mathematical model of PV module in
MATLAB, test and analysis the PV components such as
��� , ��� with various values of ��� in different values
of load resistance R from (1-5) Ω. The results show that
the proposed method has simple characteristics, for PV
cells exhibit good versatility, the model can accurately
reflect the output characteristics of PV cells.
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