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Abstract: 
This research presents a theoretical method to calculate the mismatch factor for 

the PV module. Within this study the effect of mismatch on I-V and P-V of the 

module is observed. In practice, the PV panel module consists of 36 cells connected in 

series part that is built into PSPICE (from previous work) is used for this study. The 

PV modules are wired in a long series string in most of PV applications; the 

performance will be disproportionately limited by any one module that is not 

producing as much power. Fortunately, by changing the system configuration it is 

possible to isolate losses so that entire arrays are not affected by poor performance in 

one module. So, in this work the mismatch effect has been tested for series and 

parallel wiring of the modules, the parallel configuration produced significantly the 

same power as mismatch arises on the array. 
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Introduction: 
A module has the optimum 

performance when it operates at its 

maximum power point. The maximum 

voltage depends on the shape of the I-

V characteristic of the module, which 

is dependent on the meteorological 

conditions. Differences in the I-V 

characteristics of the various modules 

in the PV system cause a sub-optimal 

operation of the modules. This effect is 

minimized by grouping modules with 

characteristics as much as possible. 

The remaining mismatch in the I-V 

curves of the modules causes a loss in 

DC energy, which is defines as the 

mismatch loss.[1]  

 

Several sources of mismatch can be 

distinguished: 

 Individual differences between 

the I-V characteristics of the 

installed modules. 

 Inhomogeneous temperatures in 

the array. 

 Inhomogeneous shading of the 

array. 

 Inhomogeneous soiling of the 

array. 

 Shapes of solar cells in panels 

(square, circular or hexagonal) 

 Type of cell distribution (fill 

factor) in each panel. 

 Differences in DC cables, 

causing differences in the drop 

of voltage.[1] 

Partial shading of a PV array can 

significantly reduce its output, since 

heavily shaded cells will limit the 

output of the other cells with which 

they are connected in series trees, 

buildings, television aerials', roof 

structures, leaves and bird dropping 

can partially shade a PV array and 

results in substantial reduction in 

system performance.[2]  

The mismatch factor can be defined in 

terms of the following equation:[3] 
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In this paper, a study has been 

made for quantifying the effects of PV 

module mismatch on I-V and power 

curves also demonstrate the 

performance difference between 

parallel and series PV modules wire. 

Details are also given method of 

measuring the mismatch factor. In 

practice the PV panel module part that 

is built into Personal Simulation 

Program for Integrated Circuits 

Emphasis PSPICE (from previous 

work) is used for this study. The results 

of this paper can help the workers to 

determine the tolerances on their 

module performance bins. 

 

PSPICE PV module model 
The PV panel (SP75) consists of 36 

cell connected in series was created in 

the ORCAD PSPICE simulator. The 

model shown in figure(1)a is very large 

so to minimize it an integrated part 

(hierarchical block) has been built into 

special library as shown in figure(1)b. 

[4] 
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Fig(1): (a)The electrical circuit of the 

PV model 

 (b)The hierarchical block 

This part will be called from that 

library to simulate the I-V and P-V 

characteristic of the PV model shown 

in figure(2), as well as this part is used 

as a source of energy to the power 

circuits.[4]  
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Fig(2): (a) The I-V curves of the 

PSPICE PV module model 

   (b) The P-V curves of the 

PSPICE PV module model 

   

The effect of mismatch on PV 

PSPICE module 
PV systems are subject to variety 

of changing and uncertain conditions 

that can affect the I-V curve, and 

therefore the output power of the 

module. Examples are cloud coverage, 

temperature variations, dust coverage 

or soiling, partial shading, alignment of 

modules to the sun, and manufacturing 

tolerances. Almost all the variable 

conditions tend to affect the current.[5]  

     Mismatch was introduced into the 

simulations by varying the value of a 

single cell current in the module. This 

causes the single cell to operate at a 
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lower current. To extract mismatch 

from PSPICE PV module, the current 

source (IL in figure (1)) will be varies 

from 4.3A to 4.8A. Simulation with 

this technique will change the amount 

of cell mismatch from 0% to 16.6%. 

The I-V and P-V curves for shadowed 

module are presented in figure (3)a and 

figure (3)b respectively. These curves 

are obtained from DC analysis 

(secondary sweep) since RL is defined 

as Rbreak to cover all the values of the 

current. 
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Fig(3): (a) The I-V curves for 

mismatch panel 

           (b) The P-V curves for 

mismatch panel 

The curves of I-V for mismatch 

module affect the current value but not 

affect the voltage value. Figure (3)b  

shows that the power has been 

decreased as the mismatch increased. 

The mismatch factors were calculated 

using eq. (1) as listed in table (1) and 

figure (4) represents these results 

graphically. 

 

 

 

 

 

 

 

Table (1) 
M F coverage 

1 0 

.99 .8% 

.976 2% 

.956 4% 

.938 6.25% 

.922 8.3% 

.900 10.4% 

.880 12.5% 

.867 14.6% 

.850 16.6% 

 

 

Fig.(4): Mismatch factor for 

different amount cell shading 

 

The effect of mismatch on 

series and parallel wiring  
  When PV panels are connected in 

series to achieve the desired system 

operating voltage, and the series strings 

are paralleled to achieve higher system 

currents, the resulting system voltage is 

usually an "average" of the individual 

voltage maximum point of the 

individual panels. The difference 

between the new system voltage that is 

created when the panels and sub-arrays 

are connected and the voltage 

maximum point of the individual 

panels is the "mismatch". As the 

operating point is moved away from 

the voltage maximum point, the power 

is reduced by some amount.[6] 

     In this study the PV PSPICE 

module will be wiring in series and 
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parallel to compare the performance of 

the parallel vs. series array.  When 

connecting an array of modules with 

different I-V curves, there can be 

drastically different performance from 

the array depending on the 

configuration. The principles can be 

demonstrated by comparing the 

performance of three modules when 

connected in series vs. parallel. One of 

the modules has been defined in the 

same manor of the panel mismatch test 

but the other modules defined as 

hierarchal block. First the modules 

connected in parallel as figure.(5).  
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Fig.(5) PV arrays wired in parallel 

 

Figure(6)a and figure(6)b presents 

the I-V and P-V curves of this system 

under mismatch test for third panel.  

The aggregate power is the sum of the 

three individual modules even though 

one of the modules has reduced output; 

each is free to operate at its own full 

potential, resulting in 225w output. 

These curve shows that the Parallel 

configuration dos not affected by 

mismatch. 
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(b) 

Fig.(6): (a) the I-V curves for 

parallel wiring of PV 

 (b)The P-V curves for 

parallel wiring of PV 

 

In the series configuration in figure 

(7), the I-V and P-V power curves 

shown in figure (8)a and b are distorted 

and output power is reduced by over  

(24% ) to approximately 171w due to 

the mismatch between the modules.  
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Fig.(7): PV arrays wired in series 
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(b) 

Fig.(8): (a) the I-V curves for series 

wiring of PV 

   (b)The P-V curves for series 

wiring of PV 

 

Conclusion: 
From the results presented in this paper 

the following concluding remarks can 

be made: 

 This paper presents a method to 

measure the effect of cell 

mismatch on I-V and P-V 

modules. An accurate 

measurement of the effect of 

cell mismatch may help module 

manufacturers select their cell 

sorting strategies and binning 

tolerances. 

 In this study, the parallel 

configuration produced 

marginally more power even 

when absent of mismatch 

conditions, but produced 

significantly more power as 

mismatch arises on the array. 
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موديل للوح  PSPICEقياس تـأثير عدم تماثل الخلية الشمسية في مخارج 

 الشمسي 
   

 

 *زينب منذر كبة
 

 قسم الفيزياء -كلية العلوم -جامعة النهرين*

 

 :الخلاصة

( باسددد م ام بر دددام  mismatch factorيقدد م  ادددبا الريدددن رريقدددة  عريدددة ليسدددال )امددد  )ددد م ال  ا ددد      

PSPICE   ادبا العامد  ت دلا ملا عدة تدع ير )امد  )د م ال  ا د  ادل خدواش اللدو  ال  سدل . من خلال دراسة

خليدة م سدية مربوردة )لدت ال دوالل  36وكبلك ق رته. ) ليا ال ابه ال راسة تم اس م ام مودي  للو  ي كون من 

ج الدت من )   سابق قاملا به الرا ثة.  وب ا ان تطريقات اللو  ال  سل كااة تي اPSPICEوال رنل ال بر ام  

سلسلة من الالوا  ال ل تربط )لت ال والل او ال وازي ل يقيق ال يار والفول ية ال ناسرة لبلك، تم ايص تع ير )د م 

ال  ا   ال خلايا اللو  ال  سل )ن  ربطهدا )لدت ال دوالل وال دوازي ايأدا.   ر دلا ال راسدة ان تدع ير ادبا العامد  

 يم فل )ن   ربط الالوا  )لت ال وازي. 

 

 


