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1. Introduction

A photovoltaic PV cell, or photoelectric cell, is a semiconductor device that transforms light into
electrical energy [1].The R, of the PV module contains resistive elements, such as cell solder
bonding and emitter and base regions, as well as bus bars for cell interconnections and terminations
at junction boxes [2, 3]. The solar cell series resistance is a parasitic, power-consuming characteristic.
It softens the |-V characteristics of a solar cell in the fourth quadrant by lowering the highest
attainable output power. It denotes a decrease in the solar cell's fill factor. The fill factor and FF of
the solar cell is found to drop by around 2.5 percent for every 0.1 increased in series resistance [4].
One of the most critical aspects influencing PV module performance is series resistance. Some
researchers are discovered that the series resistance is affected on the FF and power output of PV
modules due to the series resistance has a greater impact on the solar cell's output power than any
other parameter [3, 5, 6]. Also, the R, is reduced the short-circuit current but it didn’t influence on
the V,. [7]. This Ry is raised as the base doping density increasing. Therefore, the ability of the
materials to resist the passage of electric current is increased as a result of this phenomena. As a result
of the base doping density gradient, the semiconductor material's resistivity raised [8]. Commercial
solar cell has least FF than ideal, owing to R, , which is grown as the substrate size grows. However,
the FF in both laboratory and production cells is restricted not only by the R, but as well by factors,
such as the low parallel resistance and non-ideal diode parameters [8, 9].The voltage output and fill
factor ( 1/4 Byax = Isc V,c) Of the module, as well as its performance quality are reduced as the R,
is increased. The module I starts to fall at increasingly greater R;
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levels pacing, and finger area must all be adjusted [9]. So a rectangular device shape and tin busbars
on conductive substrate effectively reduce the R; . Meanwhile, an additional hot-pressed highly
conductive low-temperature carbon layer on the back carbon electrode also reduces the R [10]. In
Fig. 6 (e) it can clearly be seen that the electrical efficiency improves with increasing solar
concentration and decreasing series resistance. The lower the series resistance the higher the optimum
solar concentration under which the device can operate [11].A number of publications investigated
the effect of series resistance on performance of solar cell. Dyk and Meyer (2004) [2] discussed the
detrimental effect of series resistance on the performance of a PV device. The -V characteristics
were simulated buy the use of PV simulation software (PVSIM). This software uses the two-diode
model and calculates -V characteristics based on typical solar cell parameters. The simulations were
performed with 1000 W/m? irradiance and a temperature of 25 °C. Wafaa et al (2013) [12] studied
theoretically the effect of series resistance on solar cell parameters including Is. , V,. , Pnax and
FF. The simulations have been performed using the one-diode model of PV modules in
MATLAB/Simulink environment. The study considered light intensity of 1000 W/m2, and a
temperature of 25 °C. Fahmi et al (2017) [13] concluded that there is a variation in the |-V
characteristic curve of the solar cell due to the increase in the series resistance. In their simulation, a
software multisim10 was utilized to simulate the single-diode model. In current study, Multisim12
software is used in the simulation of double-diode model. Massaki et al (2018) [14] characterized the
effects of series resistance on performance of like an ACM tandem through solar cell simulations
and indoor experiments. M. S. Ahmed et al (2020) [15] investigated the impact of series resistance
on various parameters by using PC1D software simulation. Daiyu et al (2021) [10] demonstrated
that the increased series resistance is the main restriction that limits the PCE of large- area p-MPSCs.
series resistance was greatly influenced by the charge transport distance in the less-conductive
electrodes and the conductivity of the electrodes themselves. Hongliang et al (2022) [16] developed
and applied the numerical two- dimensional methods to study the effects of the series resistance in
solar cells .The simulations were performed using the MATLAB software.

2. The double - diode model.

The effects of series resistance can be sufficiently described and revealed by a p-n junction solar
cell's double-diode equivalent circuit model. The model is demonstrated in Fig. 1, which is displayed
the Ry, and R, together with the photon-generated current, I, , the optimal recombination current
in the bulk region, I, , the non- optimal recombination in the depletion region I, and V; are the
thermal voltage defined as V; = (KgT)/q where ( Kg ) is the Boltzmann constant (1.38x 10723
JIK). Fig. 2 shows that the ( 1-V) and ( P-V) output characteristics of a double exponential can be
defined using the equations below [2] :

q(V—IRs) q(V—IRy) V — IRs
I =1y —|lps| e "KeT |+ Iy, | e 2K6T || — D

Rsh

Where I, denotes the photogenerated current, Iy, and nl indicate the first diode's saturation

current and ideality factor,I,, and n2 indicate the second diode's saturation current and ideality factor,
Ry, and R, account for parallel and serial resistances and T is the p-n junction’s absolute

temperature, and ( q ) is the elementary charge (=1.6x1071°C), V is the applied voltage [17, 18].
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Fig. 1. Solar cell's two-diode equivalent circuit model.
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Fig. 2. Shows I-V and P-V output characteristic of solar cell [19].

The photogenerated current |_ph can be found as follows [20, 21] :-

G
Iph = (G ){Iph,stc + Ki(T - Tstc)} (2)
stc

Where G is the solar radiation, Gg:..is the solar radiation under standard temperature
conditions, L,, st is the photogenerated a current is the current coefficient, and Ty is the
temperature under standard temperature conditions (stc). The parameters at open-circuit voltage V.
short -circuit current I, and short circuit current I can be calculated as [20]:

Voc Voc_ V.
[ =1y {e(nflft) — 1} +1,, {e(nzolft) — 1} + (RL;) 3)
S
_ ISCRS ISCRS ISCRS
fse = Ipn = lox {exp (ant) N 1} 1oz {exp (n2Vt> N 1} - ( R,, ) )

The fill factor reduced as (FF) is used to calculate the solar cell's top power output. The fill factor
is the ratio of the top power of a solar cell to the production of .V, and I as below [9]:

= (5)
IscVoc

Where P,,,, the maximum out power of solar cell ,the relationship between I, and R, which
is derived from Eq. (1).
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I..R
lye = ph — Sths (6)
s

The solar cell's conversion efficiency is defined as [7]:

— Pmax — FF [/OCISC
TR P;

(7)

The input power ( P, ) is specified by the features of the light spectrum incident (KW/m?)
on the solar cell, therefore, the input power for efficiency equal the product to ( 1 kW/m? and
solar cell's Area) . So, the input power for a (160 * 80.4) cm is (1.286 W).

3. Result and Discussion

To investigate the effect of the series resistance on the behavior of the electrical parameter of
a solar cell by using the double-diode equivalent circuit model for a p-n junction solar cell, which
understudy by using the simulation software multisim. Multisim includes a broad set of SPICE
analysis to study the circuit behavior. These analysis range from basic to advanced. Each analysis is
provided with beneficial information, such as the implications of component tolerances and
sensibilities. To do the analysis, some pieces of information are required to specify the parameters.
This will assist the used software (Multisim) what and how to analyze the required parameters. Fig.
3 shows the flowchart of the simulation process as DC weep and Table 1 explains the impact of series
resistance increase on the performance parameters of a solar cell.

Select
1,=1A,¥, =1V, R,,= 600

v
Set R, =(0.03 to 0.5) ©

AN
hd
Reconstructed circuit

v

Simulate
DC sweep analysis

v

Plot P-V and I-V

v

Calculate FF and n

End

Fig. 3. A flowchart of the simulation process.

72



A.N. Tuaimah

Table 1. Impact of series resistance on performance parameters.

R LA )V P
s m max( Isc (A) Voc (V) FF -rl %
Q Vm W)
0.03 0.904 650.6 0.601 0.9995 0.8435 0.7 46
0.06 0.900 0.0631 0.568 0.999 0.8435 0.68 44
0.09 0.879  610.0 0.536 0.9985 0.8435 0.64 42
0.12 0.885 0.588 0.520 0.998 0.8435 0.62 40

3.1. Output characteristic of the solar cell via DC sweep analysis.

It is apparent from the results shown in Fig. 5 and Fig. 6 that the I-V and P-V characteristics of
solar changed due to the effect of series resistance which equal to (0.03 ohm and 0.5 ohm)
respectively, by using the DC sweep Analysis which is simulated in Multisim. Clearly, there is a
decrease in the area under the properties of the I-V curve which is in agreement with findings of
Fahmy et al [14] .

. DC Transfer Characteristic 1,=09994
1.5 Ve = 0843V
114 OL) Wil Pye = 0.601W]
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Fig. 5. P-V and I-V curve at series resistance Ry = 0.03(Q.
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Fig. 6. P-V I and I-V curve at series resistance Rg = 0.5 Q.
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3.2. Effect R;on the performance of output a solar cell

The 1-V and I-P characteristics curves of the solar cell for different values of series resistance
(0.03 Qto 0.5 Q) are illustrated in Fig. 7 , Fig 8, respectively. Fig. 7 shows that the increase in the
series resistance leads to a reduce in the area under the curve. This means that the curve shifted to the
left. Consequently, the impact of the series resistance is more significant on the shape of the I-V
curve. This findings agree with the results of Koffi et al [17].
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Fig. 7. I-V curves with the impact of increasing series resistance.
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Fig. 8. P-V curves with the impact increasing series resistance.
3.3. Variation of I, Ppax » Vo and FF with Ry

Parameters of I/, , Pmax, Isc are extracted from the characteristic curve in Fig. 7, Fig. 9 shows
the open-circuit voltage V,. which is nearly constant. Thus, it decreases slightly by ~0.0032 V when
the series resistance is increased from (0.12 Q to 0.5 Q). This is because the series resistance (R; )
has no effect on the open-circuit voltage, but the short-circuit current decreased from 0.999 to 0.989
A. This might because the power loss which leads to a decrease in the maximum value of voltage
and electrical current as shown in Table 1. The conducted results are consistent with the results
reported by Dyk and Meyer [2].
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Fig. 9. Variatioof n V., Is. withRy.

The effect of series resistance on all of P, and FF of a the solar cell is shown in Fig. 10. The
results revealed that the maximum power and fill factor decreased as series resistance increased.
Therefore, the performance of the solar cell degraded. These results are in line with the results of
Deepthi et al [22], Damian. G and Y. Galagan [22] and Alfredo and Rune [23].
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Fig. 10. Variation P,y , FF with Ry

3.4. Efficiency

According to Eq. (7), the efficiency of the solar cell was calculated and the values of efficiency
are listed in Table 1. The simulation results suggest that R, remarkably affects the value of n of the
solar cell. It can be observed from Fig. 11 that the calculated efficiency decreases with increasing
R, and accordingly there is a decrease in the output power of the solar cell due to the ohmic
resistance. The collected results agree with the results reported by Masaaki et al [14] and Hongliang
et al [16].
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2 ~
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Fig. 11 . Variation efficiency n with Rq.
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4. Conclusion

In the present study, the influence of series resistance on the performance of solar cells was
investigated utilizing the simulation performed by Multisim software. The DC Sweep Analysis was
used to estimate V-1 Characteristics and P-V curve for the double diode model. The results show that
further increase in R has a direct effect on the solar cell's electrical parameters. At room
temperature, the short-circuit current, fill factor FF, maximum power B,,,, and efficiency decrease
linearly with the increase of series resistance, but it has no effect on the open-circuit voltage. This
work illustrates effectively and decisively that series resistances can be detrimental to the
performance of the solar cell. Based on the collected results, it is recommended to use Multisim
simulation software to investigate the performance of solar cells.
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