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Abstract 
       In this paper, the effect of Baghdad climate ambient temperature 

dependence (indoor and outdoor) of the performance of solar cell in the 

temperatures range (5
 o
C –70

 o
C) had been studied. The solar cell performance is 

determined by its main important parameters, short circuit current (Isc), open 

circuit voltage (Voc), fill factor (F.F) and efficiency (ηm). The experimental 

results of the parameters of silicon solar cell showed that the conversion 

efficiency was decline when the temperature raised from optimal temperature.  

Keywords: silicon solar cell, I-V characteristics, indoor parameters, outdoor 

parameters,   

                      performance analysis, temperature effect.  

1. Introduction 
         The basic idea of a solar cell is to convert light energy into electrical 

energy. The energy of light is transmitted by photons, small packets or quantums 

of light. Electrical energy is stored in electromagnetic fields, which in turn can 

make a current of electrons flow. Thus a solar cell converts light, a flow of 

photons, to electric current, a flow of electrons [1]. Solar cell is a semiconductor 

electrical junction device which absorbs and converts the radiant energy of sun-

light directly and efficiently into electrical energy [2]. Solar cells may be used 

individually as light detectors, for example in cameras, or connected in series 

and parallel to obtain the required values of current and voltage for electric 

power generation. Most solar cells are made from single-crystal silicon  and 

have been very expensive for generating electricity, but have found application 

in space satellites and remote areas where low-cost conventional power sources 

have been unavailable [3]. 

         When photons are absorbed by matter in the solar cell, their energy excites 

electrons higher energy states where the electrons can move more freely. The 

perhaps most well-known example of this is the photoelectric effect, where 



Decline in the performance of silicon solar cell parameters with the 

Ambient temperature in Baghdad...Dr. Fouad Shaker Tahir ,  Mohammed S. Rasheed 
 

                        مجلةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة   ل ةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة        ةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة       ةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة                                       

  2102  خ مس و  سبعون   عدد 

96 

photons give electrons in a metal enough energy to escape the surface. In an 

ordinary material, if the electrons are not given enough energy to escape, they 

would soon relax back to their ground states. In a solar cell however, the way it 

is put together prevents this from happening. The electrons are instead forced to 

one side of the solar cell, where the build-up of negative charge makes a current 

flow through an external circuit. The current ends up at the other side (or 

terminal) of the solar cell, where the electrons once again enter the ground state, 

as they have lost energy in the external circuit [4]. Solar cell at present furnishes 

the most important long-duration power supply for satellites and space vehicles. 

Solar cells have also been successfully employed in small-scale terrestrial 

applications. As worldwide energy demand increases, conventional energy 

resources, such as fossil fuels, will be exhausted in the not-too-distant future. 

Therefore, we must develop and use alternative energy resources, especially our 

only long-term natural resource, the sun. The solar cell is considered a major 

candidate for obtaining energy from the sun, since it can convert sunlight 

directly to electricity with high conversion efficiency, can provide nearly 

permanent power at low operating cost, and is virtually free of pollution. 

Recently, research and development of low-cost, flat-panel solar cells, thin film 

devices, concentrator systems, and many innovative concepts have in-creased. In 

the near future, the costs of small solar-power modular units and solar-power 

plants will be economically feasible for large-scale use of solar energy [5]. 

2. Historical review 

       The solar cell was first developed by Chapin, Fuller, and Pearson in 1954 

using a diffused silicon p-n junction [6]. Subsequently, the cadmium-sulfide 

solar cell was developed by Raynolds et al [7]. To date, solar cells have been 

made in many other semiconductors, using various device configurations and 

employing single-crystal, polycrystalline, and amorphous thin-film structures. 

Hovel has given a comprehensive treatment on basic solar-cell characteristics 

[8]. Backus has compiled a volume of classic papers on solar cells prior to 1974 

[9]. Pulfrey and Johnson have reviewed the photovoltaic power generations 

[10,11], and Bachmann has discussed the material aspects of solar cell [12]. The 

most current literature can be found in the conference Records of the 

photovoltaic Specialists Conference [13,14]. The goal of this work is to study of 

the effect of Baghdad climate temperature on a single silicon solar cell 

performance. 

3. Voltage and Current Characteristics 

       Two important quantities to characterize a solar cell are:, 1. Open circuit 

voltage (Voc): The voltage between the terminals when no current is drawn 

(infinite load resistance), 2. Short circuit current (Isc): The current when the 

terminals are connected to each other (zero load resistance) [15]. The short 
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circuit current increases with light intensity, as higher intensity mean more 

photons, which in turn mean more electrons. Since the short circuit current Isc is 

roughly proportional to the area of the solar cell, the short circuit current 

density, (Jsc = Isc/A), is often used to compare solar cells. When a load is 

connected to the solar cell, the current decreases and a voltage develops as 

charge builds up at the terminals. The resulting current can be viewed as a 

superposition of the short circuit current, caused by the absorption of photons, 

and a dark current, which is caused by the potential built up over the load and 

flows in the opposite direction. As a solar cell contains a PN-junction (LINK), 

just as a diode, it may be treated as a diode. For an ideal diode, the dark current 

density is given by [16]: 

                                                            …(3.1) 

Here J0 is a constant, q is the electron charge and V is the voltage between the 

terminals. The resulting current can be approximated as a superposition of the 

short circuit current and the dark current: 

                                                                 …(3.2) 

To find an expression for the open circuit voltage, Voc, we use (1.2) setting J = 

0. This means that the two currents cancel out so that no current flows, which 

exactly is the case in an open circuit. The resulting expression is: 

                                                                 …(3.3) 

4.  Efficiency 

       In general, the power delivered from a power source is P = IV, i.e. the 

product of voltage and current. If we instead use the current density J, we get the 

power density [17,18,19,20]: 

                                                                                   …(4.1) 

       The maximum power density occurs somewhere between V = 0 (short 

circuit) and V = Voc (open circuit) at a voltage Vm. The corresponding current 

density is called Jm, and thus the maximum power density is Pd,m = Jm Vm. The 

efficiency of a solar cell is defined as the power (density) output divided by the 

power (density) output. If the incoming light has a power density Ps, the 

efficiency will be [16,17,21] 

                                                                                                   …(4.2) 

The fill factor, FF, is another quantity which is used to characterize a solar cell. 

It is defined as [22] 

                                                                                 …(4.3) 

and gives a measure of how much of the open circuit voltage and short circuit 

current is "utilized" at maximum power. Using FF we can express the efficiency 

as [16,19,17,23]: 
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                                                                                         …(4.4) 

The four quantities Jsc, Voc, FF and η are frequently used to characterize the 

performance of a solar cell. They are often measured under standard lighting 

conditions (SLC), which implies Air Mass    (AM 1.5) spectrum, light flux of 

1000 W/m
2 
and temperature of 25

°
C. 

5.  Equivalent circuit of a solar cell 

 
Fig. (1) Simple equivalent circuit for a solar cell [13,16,]. 

       Fig. (1) illustrate the equivalent circuit for a solar cell, The solar cell can be 

seen as a current generator which generates the current (density) Jsc. The dark 

current flows in the opposite direction and is caused by a potential between the + 

and - terminals. In addition you would have two resistances; one in series (Rs) 

and one in parallel (Rp). The series resistance is caused by the fact that a solar 

cell is not a perfect conductor. The parallel resistance is caused by leakage of 

current from one terminal to the other due to poor insulation, for example on the 

edges of the cell. In an ideal solar cell, you would have Rs = 0 and Rp = ∞. 

Experimental Details 
       Solar cell on the building roof will suffer from the wide variety of operating 

temperatures [24].  Thus it is imperative to study of the effect of ambient 

temperature on the solar cell parameters. Also, this effect is taken into account 

when the solar cell parameters are determined. Reverse saturation current (Io) is 

an important parameter which controls the change in performance parameters 

with temperature. Moreover, temperature changes are more suitable to describe 

the performance of solar cell. This solar cell has (AM 2) with conversion 

efficiency and the total cell was (100 cm
2
 area). The output power extracted 

from the cell was delivered to the resistive load. The terminals of the load 

resistance nil and infinity correspond to the Isc and Voc respectively.  From pW 

(peak watt) , ηm was calculated and the ratio of pW and (Isc Voc) represent FF 

was evaluated from the curve PV performance. The experimental set-up of this 

technique is shown in Fig. (1). All the above measurements were repeated in the 

indoor and outdoor at a different temperatures (T= 5.8 
o
C -70

 o
C). The 

equipments of this circuit were,  solar cell, two digital multimeters (Victor 70C, 

DM-9960 utron), variable box resistance (Decade Resistance Box NV705-[1 Ω-

100 MΩ]), halogen light source (100 W/m
2
), digital light intensity meter (digital 
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lux meter range (0-50000 Lux), Digital thermometer, (temperature meter 

DM68o1A). Fig. (2) shows the circuit set-up which is used in this paper. 

  

 
Fig. (2) gives the schematic setup for measuring the IV curve for a solar 

cell. 
 

Results and Discussion 

       Solar Cell Indoor Calculations 

Solar Lab Indoor Data 
       This data was gathered using a 100 W halogen lamp (at high 30 cm 

vertical) construction workers light. The performance of solar cell is slightly 

variable, so the data should be approximately correct for whatever cell you are 

using. The calculated resistance in the 10
th
 column includes the internal 

resistance of the solar cell. This increase in internal resistance does not occur if 

you use the solar cell outside. We attribute this increase in the internal resistance 

to the temperature increase in solar cell as a result of illumination with the 

halogen lamp. To monitor the effect of temperature on the solar cell, a 

temperature sensor was attached to the back of a couple of the cells. When 

illuminating the cell with the halogen lamp, the back of the cell reached approx 

(40 ºC to almost      60 ºC). The indoor data is shown in Table (1), and the 

relation between the current and voltage vs. the distance is shown in Fig (3[1-

14]). In the Outdoors, the temperature cycled between approx (6 ºC with the 

(Rheostat at 0) to 70 ºC (Rheostat at 100%). The outdoor data obtained from the 

Table (2). The outdoor data is much smoother and open circuit voltage and 

maximum current will be higher. 

 

Table (1): shows indoor calculations of the silicon solar cell parameters. 

Time 

(H) 

Isc 

(mA) 

Voc 

(mV) 

Im 

(mA) 

Vm(m

V) 

Pm 

(W) 

Pin 

(W/m
2
) 

F.F ηm 

% 

Rcell 

(ohm) 

T cell 

(
o
C ) 

10 0.47 0.45 0.41 0.342 

0.140

22 10 

0.66

3 

1.40

22 0.834 40 

14 0.65 0.45 0.49 0.35 

0.171

5 10 

0.58

63 

0.71

49 0.714 60 
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              Ten tests were performed in the month of April 2012, and results of 

only two of these are deplicated in  

               table (1). Effecieny of single crystal silicon solar cell for this month 

ranges from (0.7 % - 0.8 %). 

Fig. (4[1-2]) shows the relation between the distance 
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Fig. (3, [1-14]) the PV performance of the silicon solar cell, drawn in the forth 

quadrant to explain that the electrical power is extracted from the cell to the 

output circuit. The best results of Isc and Voc are obtainable at T=  5.8 
o
C and the 

input power Pin=100 mW/cm
2
 in the outdoor calculations (see table  ), Forward 

and reversed bias for the characteristics of  the solar cell is obtained from this 

figure. 

 

 

 

 

 

 

 

Fig. (4-2) 
 
 
 
 

Fig. (4, [1-2]) the relation between the current and voltage with the distance 

from the solar cell (indoor Lab.). 

2. Solar Cell Outdoor Calculations 
        The outdoor data is achieved and shown in the table (2), this table shown 

the main important parameters of the silicon solar cell. twenty tests were 

conducted in he month of April 2012. Effeciency for this month lies in the 

ranges (0.14 % - 2.012 %). 
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Table (2): shows outdoor calculations of the silicon solar cell parameters. 

 

Time (H) Isc 

(mA) 

Voc 

(mV) 

Im (mA) Vm 

(mV) 

Pm (W) Pin 

(W/m2) 

F.F ηm  % Rcell 

(ohm) 

T cell (oC 

) 

6 0.65 0.441 0.59 0.341 0.20119 10 0.7019 2.012 0.676 5.8 

7 0.63 0.452 0.57 0.352 0.20064 15 0.7046 1.3376 0.717 10.6 

8 0.61 0.473 0.55 0.373 0.20515 20 0.711 1.0257 0.775 15.7 

9 0.52 0.485 0.46 0.385 0.1771 25 0.7022 0.7084 0.933 20.6 

10 0.43 0.514 0.37 0.414 0.15318 30 0.6931 0.5106 1.195 27 

11 0.37 0.535 0.31 0.435 0.13485 32.5 0.6812 0.4149 1.446 38.6 

12 0.36 0.543 0.36 0.443 0.15948 35 0.8158 0.4556 1.508 42.5 

13 0.35 0.567 0.29 0.467 0.13543 37.5 0.6824 0.3611 1.62 48.4 

14 0.343 0.582 0.283 0.482 

0.13640

6 40 0.6833 0.341 1.696 55.7 

15 0.301 0.611 0.241 0.511 

0.12315

1 36 0.6696 0.3421 2.029 60.6 

16 0.26 0.622 0.2 0.522 0.1044 35 0.6456 0.2983 2.392 70 

17 0.21 0.631 0.15 0.531 0.0797 32.5 0.6011 0.2451 3.004 65.3 

18 0.14 0.635 0.08 0.535 0.0428 30 0.4814 0.1427 4.36 40.2 
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In this case, the relation between all (outdoor) solar cell parameters is 

shown in                    Fig. (5-[1-27]). 
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The Current short circuit vs. Solar cell temperature
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Solar cell temperature vs. intput power
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Fig. (5-5) 

Solar cell temperature vs. maximum output power density
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Fig. (5-1) 

The solar cell temperature vs. open circuit voltage
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Fig. (5-4) 

Efficiency of Solar cell vs. Solar cell temperature 
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Fig. (5-3) 

Solar cell temperature vs. R of solar cell
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The Irradiance H vs. Current-short circuit Isc
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Fig. (5-11) 

The Irradiance H vs. Voltage-open circuit Voc
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Fig. (5-12) 

The Current short circuit Isc vs. Power maximum Pm
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Fig. (5-15) 

The Voltage-open circuit Voc vs. Fill Factor FF
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Fig. (5-13) 

The Current-short circuit Isc vs. Voltage open circuit Voc
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The Voltage-open circuit Voc vs. Current-short circuit Isc
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Fig. (5-

17) 

The Rcell vs. Voltage-open circuit Voc
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Fig. (5-18) 

The Voltage-open circuit Voc vs. Power maximum Pm
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The Time (T) Vs. Voltage-open circuit Voc 
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Fig. (5-[1-27]) Dependence of Isc, Voc, Pm, FF, ηm, on the Baghdad ambient 

temperature and the relation between them (outdoor). The output (I-V) 

characteristics of a single crystal silicon solar cell under investigation of size 
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The Time (T) vs. Irradiance (W/m2)

0

5

10

15

20

25

30

35

40

45

0 2 4 6 8 10 12 14 16 18 20

T (H)

Ir
ra

d
ia

n
c
e
 (

W
/m

2
)

Fig. (5-27) 

The Time (T) vs. Power maximum (Pm)
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The Time vs. Fill Factor (FF)
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(100 cm
2
 area) on a typical day of April 2012 with various irradiations (100 

W/cm
2
 – 400 W/cm

2
). 

Conclusions 

       Like all other semiconductor devices, solar cells are sensitive to 

temperature. Increases in temperature reduce the band gap of a semiconductor, 

thereby effecting most of the semiconductor material parameters. The decrease 

in the band gap of a semiconductor with increasing temperature can be viewed 

as increasing the energy of the electrons in the material. Lower energy is 

therefore needed to break the bond. In the bond model of a semiconductor band 

gap, reduction in the bond energy also reduces the band gap. Therefore 

increasing the temperature reduces the band gap. In a solar cell, the parameter 

most affected by an increase in temperature is the open-circuit voltage. The 

impact of increasing temperature is shown in the figure below. The open-circuit 

voltage decreases with temperature because of the temperature dependence of I0. 

Most semiconductor modeling is done at 300 K since it is close to room 

temperature and a convenient number. However, solar cells are typically 

measured almost 2 degrees lower at 25 °C (298.15 K). In most cases the 

difference is insignificant and both are referred to as room temperature.   

Occasionally, the modeled results need to be adjusted to corrolate with the 

measured results. Above the following conclusions the main important 

parameters on silicon solar cell are very sensitive to operating temperature; 

neither high temperatures nor low temperatures are favorite when silicon solar 

cell is used as a solar converter. 
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 .  غد د في   جو ح  رة درج  مع   سل كون     شمس     خل   معلم ت  د ء  نخف ض
                                                      د.فؤ د ش    ط ه                                                                 

 محمد  ه م رش د

 قسم   علوم    طب ق  

   ج مع     كنو وج  
 

 

   خلاص 
في هذا البحث، جرى دراسة تأثير درجة حرارة جو مناخ بغداد ) في الداخل والخارج( على كفاءة      

 5)تتراوح بين     تياداء الخلية الشمسية في مديات درجات الحرارة ال
o
C-70 

o
C) ان المعلمات المهمة .

، معامل (Voc)، فولتية الدائرة المفتوحة (Isc)لاداء للخلية الشمسية  قيست من خلال تيار الدائرة المغلقة 

هو معلم مهم ايضاً لانه يحافظ على التغير  (Io). ان تيار الاشباع العكسي (ηm)، والكفاءة   (F.F)المليء 

في المعلمات مع درجة الحرارة. علاوة على ذلك، ان التغيرات في درجة الحرارة اكثر ملائمة الحاصل 

لوصف اداء الخلية الشمسية. النتائج التجريبية لمعلمات الخلية الشمسية السليكونية بينت ان كفاءة تحويل 

 .الخلية كانت منخفضة عندما ترتفع درجة الحرارة عن القيمة المُثلى للخلية

http://www.ivsl.org/
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