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 In this research, the effects of magnetic field intensity on electrical 
characteristics of a monocrystalline silicon solar cell were investigated. The 
experimental test-rig under Standard Test Condition was set up and tested to 
observe the respective effects. The electrical characteristics in terms of 
current-voltage-power curves, critical solar cell parameters and fill factor 

were then examined and analyzed. The outcome of this study demonstrates 
that the external magnetic field has a positive impact on electrical 
parameters, the experimental results showed that applying magnetic intensity 
of 60-260mT significantly affected the electrical characteristics of the cell; 
i.e., maximized cell current, voltage and power by 12.20, 7.12 and 23.60%, 
respectively. In addition, this positive impact consequencely happened on the 
i-v and p-v electrical characteristics curves of the solar cell; reflected by 
3.69% increasing in the fill factor.  
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1. INTRODUCTION 

Electricity that is directly produced from sunlight using a solar cell is DC [1]. Besides being able to 

convert sunlight to DC with good quality of output power, the cell is also required to have high energy 

conversion efficiency for maximum amount of generated power [2]. In fact, the best efficiency recorded for 

monocrystalline silicon solar cell (most attractive material and structure) is relatively low, being only 15-20% 

[3]. Therefore, a number of studies on solar cell efficiency enhancement have been carried out [4, 5], which 

can be classified into three common approaches. First, by using new or modified cell materials and 

structures, earth abundant absorbers, and innovative devices [6, 7]. This approach can enable more effective 

charge collection as well as better absorption of the solar spectrum that to be built inside the solar cells. 

Second, employing suitable peripheral elements or devices to improve the solar cell efficiency [8, 9]. Third, 
dealing with sophisticated environmental factor enhancement, e.g., reducing temperature on the cell’s surface 

[10, 11]. However, controlling environmental factors such as wind, dust, and mud would cause more 

complexity and excessive power consumption for the cell [12, 13].  

Alternatively, in 2002, [14] proposed that electric fields could change the open-circuit voltage (Voc) of 

the silicon Photovoltaic (PV) cells and subsequently several reports on the impact of magnetic fields on the solar 

cells, indicated similar results as with electric fields [14, 15]; the details of these studies are as follows:  
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The simulated test results from showed that an external magnetic field intensity of 0.003 to 0.079T 

could linearly increase Voc of the CdS/CuInSe2 solar cells. With similar effects, applying external magnetic 

field intensity (B) less than 10mT on the Ru-bipyridyl dye N719 or CdS-sensitized ZnO nanorods-based solar 

cells (DSCs) could increase the photocurrent of the cells by 25% and 34%, respectively [14]. External B of 

45mT could increase the short-circuit current of the dye-sensitized TiO2 nanoparticle-based solar cells 

(DSCs) by 13% [16]. Magnetic field intensity B of 0-10mT could increase Voc and Fill Factor (FF; ratio of 

maximum power from the actual solar cell to the maximum power from the ideal solar cell; where the good 

cell has FF between 0.7 to 0.8 while the bad cell has 0.4) of the bifacial silicon solar cell from 653.89 mV to 

662.69-704.40 mV and 0.83 to 0.83-0.84, respectively [17]. These results were also supported by M. 

Zoungrana et al., where applying an external B of 1-5mT could provide higher Voc (from 717mV to 721-
756mV) and FF from 0.84 to 0.84-0.88, respectively [18]. These results were similar to the research [19], 

where applying an external B of 15-50mT could increase Voc (from 20V to 20.5-21.5V) and FF (0.50 to 0.53-

0.59) on the silicon solar panel. Magnetic vinyl (B less than 0.05T) attachment to SJ Si-SC from the side of 

back electrode of single-junction (SJ) single-crystal silicon solar cells (Si-SC) with horizontal n+-p-p+ diode 

structure could increase of minority charge carriers lifetime and reduce recombination centers quantity in SJ 

Si-SC. In the research [20], after storage of investigated objects on magnetic vinyl during three weeks their 

efficiency decrease quantity of recombination centers insignificantly, from 11.8-12.5 to 11.5-12.2%, in a 

difference from samples without attached magnetic vinyl, for which efficiency only for the first 7 days 

decrease up to 9.2-10.5%.  

The photoactive film was prepared under the application of a magnetic field perpendicular to the 

substrate during solvent drying process. The power conversion efficiency was improved up to ~ 60% for the 
treated cell. The improved device performance can be attributed to the overall improvement of polymer 

crystallinity [21]. The photovoltaic performance of the perovskite solar cells using magnetic field to improve 

power conversion efficiency (PCE) was reported. The cell films with larger crystalline gain and longer carrier 

lifetimes had an average PCE of 17.84% and the highest PCE of 18.56% using an optimized magnetic field at 

80mT. In contrast, the PSCs fabricated without a magnetic field give an average PCE of 15.52% and the 

highest PCE of 16.72% [22]. The effect of a magnetic field on the photocurrent generated by a bulk 

heterojunction solar cell made from poly-3-hexylthiophene (P3HT) and [6,6]-phenyl C61-butyric acid methyl 

ester (PCBM) was investigated. At the operating voltage, ∼9% increases in photocurrent of can be obtained 

at magnetic fields of less than 100mT [23]. Weak dc magnetic fields (0.17 T) increased the free carrier 

lifetime in Si wafers, which was thought to be convincing evidence of the metal impurity gettering effect. 

This processing was found to improve carrier lifetimes by up to a factor of 2, from about 3 μs to 7 μs in 
silicon wafers [24]. The effect of magnetic field on the photocurrent generation of organic solar cells, was 

investigated. In the case of bulk-heterojunction organic solar cell with the active layer made of P3HT:PCBM 

found that an increase of about 8% in the photocurrent density of the cell was observed when the intensity of 

the magnetic field reached 15mT, and moreover, the increase in the photocurrent density saturated at about 

9% when the magnetic fled was further intensified [25]. Over 50% enhanced efficiency was observed from 

bulk heterojunction (BHJ) polymer solar cells (PSCs) incorporated with magnetic nanoparticles and an 

external magnetostatic field alignment when compared to the control BHJ PSCs. The optimization of BHJ 

thin film morphology, enhancement in charge carrier collection resulted in a greatly increased short-circuit 

current density, fill factor and power conversion efficiency [26].  

However, most of the above mentioned research applied magnetic fields in parallel direction with 

respect to the surface of the p-n junction of the solar cell by simulation. In case of perpendicular direction, 

preparing solar cell films. In addition, the works proposed only the results that were obtained from point-to-
point tests, while the whole v-i-p characteristics curves of the cells have not been presented.  

In this research, the direct application of external magnetic fields (perpendicular direction) to the 

most commonly used structure of monocrystalline silicon solar cell was examined and analyzed. The most 

effective B in theory [27] in the range of 0-260mT was used. The comprehensive v-i-p characteristic curves 

and therefore the critical parameters: Voc, Isc, Vmp, Imp, Pmax and FF could be determined based on both 

theoretical and experimental verifications. This paper is organized as follows: methodology in Section 2, 

experimental test-rig and test scenarios in Section 3, results, discussion in Section 4 and the conclusions in 

Section 5.  

 

 

2. METHODOLOGY 
Figure 1 presents a diagram of the components, curves and parameters used for verifying the 

proposed concept. There were 3 main components used for the experimental test-rig: a light source, a solar 

cell and a magnetic field source which were located in order as shown in the diagram. The light source 

generates light beams close to the solar spectrum under controlled standard test conditions (STC) of 25°C, 
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1,000W/m2 and 1.5 Air Mass. The monocrystalline silicon solar cell was selected to be used in the 

investigation due to its simplest form of p-n junction (as well as being the most commonly used solar cell 

material). The commercial permanent magnetic sheets were managed to provide uniform magnetic field 

intensity in the range of 0-260mT by placing them underneath the solar cell to avoid shading on the top 

surface of the cell. Detailed specification and dimension for each component that was actually implemented 

in the experimental tests are proposed in Section 3.  

 

 

 
 

Figure 1. Diagram of the test concept in this research 

 
 

3. EXPERIMENT TEST-RIG AND TEST SCENARIOS 

3.1.   Light source 

As using sunlight would encounter problems of uncontrollable test conditions, a more flexible and 

reliable tungsten-halogen lamp with the light output spectrum [28] was used instead in this research. The 

irradiance level of 1 sun (1,000 Watt/m2; the intensity was measured by the solar power meter [29]) was 

achieved by placing the light 30 cm above the cell The 500W halogen lamp [30] was installed inside the 

temperature and air control chamber to provide constant 25oC with almost air free condition (1.5 Airmass) 
solar meter, 500W halogen lamp and systems [31] as shown in Figure 2. The i-v-p curve tester model (Prova 

200A) was used to measure the i-v, p-v characteristics curves and critical parameters of the solar cell [32]. 

 

3.2.   Solar cell 

The monocrystalline silicon solar cell model c-si solar cell model SG 20184 [33] was used for this 

research due to its simplest p-n junction and structure, an because it is the most popular commercial cell. The 

structure consists of only one material type (c-si) but with different impurity (doping) rate on each side [34] 

as shown in Figure 3. The cell has the top surface area of 10.8 x 50 mm and thickness of 2 mm (size to fit 

with the magnetic sheet) and has Voc, Isc and internal resistance of 6 V, of 0.25 A and 1.3 ohms.  

 

 

 

 

 
 

Figure 2. Illustrates the experimental arrangement of 

magnetic field effect on the solar cell irradiated by 

500W Halogen lamp 

 

Figure 3. Basic structure of a monocrystalline silicon 

solar cell [35] 
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3.3.   Magnetic field source 

To investigate the magnetic field influence on electrical characteristics of the silicon solar cell, 

external magnetic field intensities (B) of 0, 60, 160 and 260mT (the magnetic intensity was measured and 

tested by using GV-400A gauss meter for each particular testing permanent magnetic bar) were applied. A 

diagram of the test cell is shown in Figure 4. These B sources were generated from the Neodymium 

permanent magnet sheets with the same surface size of 100.2x50mm (fitted to the size of solar cell’s surface) 

but having different thicknesses of 5, 10 and 20mm, as shown in Figure 5. In fact, the external B could affect 

the electrical characteristics of the cell in terms of photocurrent density (J) as expressed by the equations of 

transportation phenomenon in (1)-(3):  

 

Jb (x)=qDn ∇δ(x)+qμnδ(x)E(x) (1) 

 

∇×B=μo (J+εo (∂E)/∂t) (2) 

 

Dn=μn kT/q = τn kT/me (3) 

 

Where: 

Dn is the electron’s intrinsic diffusion coefficient 

δ(x) is excess minority carrier density in the base (g) 

Ê(x) is the electric field originating from carrier concentration gradient along the base (g) 
me is the electron mass  

T is the absolute temperature 

τn is the charge carrier lifetime 

The magnetic field helps to reduce electron-hole recombination rate for the silicon crystal, while 

increasing charge carrier lifetime τn [20, 36, 37] and thus consequently increasing Dn [38] and electric 

voltage-current, respectively.  

 

 

 
 

Figure 4. Diagram of the cell (a.) without and (b.) with magnetic field source 

 
 

 
 

Figure 5. Photographs of the permanent magnet sheets used as magnetic field source in this research 
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3.4.   Ambient temperature control 

In this research, the experimental test-rig utilized a closed chamber with the w × l × h size of 40 × 

40 × 60cm to control the ambient temperature for the test components. A thermoelectric cooling (TEC) set 

based on the Peltier effect was used to control the ambient temperature inside the chamber to be within 25-

26oC. The TEC set was mounted on the separated heatsink to dispose heat out of the chamber. The elements 

used for the aforementioned experiment test set-ups are shown in Figure 3. 

 

3.5.   Solar module analyzer  
The solar module analyzer model Prova 200A [32] was used to measure the electrical characteristics 

curves and critical parameters of the solar cell; having the measurement capability as follow: 

DC Voltage Measurement  

Range, Resolution and Accuracy of Reading  

(0 ~ 10 V, 0.001 V and ±1% ± (1% of Vopen ± 9mV)) 

(10 ~ 24 V 0.01 V, ±1% ± (1% of Vopen ± 0.09V)) 

DC Current Measurement  

Range, Resolution and Accuracy of Reading  

(0 ~100 mA, 0.01 mA, ±1% ± (1% of Ishort ± 0.09mA)) 

(100 ~600 mA, 0.1mA, ±1%± (1% of Ishort ± 0.9mA)) 

Electrical Specification (23 ºC ± 5ºC), Internal Resistance at Ishort: 0.05 Ohm.  

 

3.6.   Experimental test scenarios 

The experimental test-rig was set up and tested. The results were used to compare the effects among 

B levels of 0, 60, 160 and 260mT. The test scenarios are listed as follows: 

a) Individual i-v, p-v electrical characteristics curves for each particular testing B level 

b) Average i-v, p-v electrical characteristics curves of each particular testing B level  

c) Normalized values of the critical solar cell parameters: Voc, Isc, Vmp, Imp, Pmax and FF. 

 

 

4. RESULTS AND DISCUSSION 

In this section, it is explained the results of research are organized as follows : The measured i-v, p-v 

electrical characteristics curves for each particular testing B level, The measured average i-v, p-v electrical 
characteristics curves of each particular testing B level and The normalized values of the critical solar cell 

parameters: Voc, Isc, Vmp, Imp, Pmax and FF.  

 

4.1.   The measured i-v, p-v electrical characteristics curves for each particular testing B level 

Figures 6 to 9 show the measured i-v electrical characteristics curves for each particular testing B level of 

0, 60, 160 and 260mT could provide spread Isc (0.157-0.179 A) and Voc (5.25-5.37 V), B of 60 mT could provide 

spread Isc (0.178-0.187 A) and Voc (5.29-5.55 V), B of 160mT could provide spread Isc (0.187-0.198 A) and Voc 

(5.34-5.72V) and B of 260mT could provide spread Isc (0.188-0.213A) and Voc (5.56-5.82V). Figures 10 to 13 

shows the measured p-v electrical characteristics curves for each particular testing B level of 0, 60, 160 and 260 

mT could provide spread Pmax (639-669 mW), (665-720 mW), (718-776 mW) and (782-844 mW) respectively. 

The obtained results showed that applying magnetic fields on the solar cell could improve the 
electrical i-v and p-v characteristic curves of the cell along the increasing rate of the magnetic fields intensity 

range under the study. However, larger variation in measured values of electrical parameters could be 

noticeable for higher magnetic intensity. 

 
 

  
 

Figure 6. I-V electrical characteristic curves,  

5 tests and case B:0 mT 

 

Figure 7. I-V electrical characteristic curves,  

case B: 60 mT 
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Figure 8. I-V electrical characteristic curves,  

5 tests and case B: 160mT 

 

Figure 9. I-V electrical characteristic curves,  

5 tests and case B: 260mT 

 

 

  
 

Figure 10. P-V electrical characteristic curves,  
5 tests and case B: 0mT 

 

Figure 11. P-V electrical characteristic curves,  
5 tests and case B: 60mT 

 

 

  
 

Figure 12. P-V electrical characteristic curves, 5 

tests and case B: 160mT 

 

Figure 13. P-V electrical characteristic of cell, 5 tests 

and case B: 260mT 

 

 

4.2.   The measured average i-v, p-v electrical characteristics curves of each particular testing B level 
Figure 14 shows the measured average i-v electrical characteristics curve of each particular testing B 

level, where applying external B of 60 160 and 260mT could provide higher curve profile than with applied 

B of 0mT. Figure 15 shows the measured average p-v electrical characteristics curve of each particular 

testing B level, where applying external B of 60 160 and 260mT could provide higher curve profile than case 

applied B of 0mT.  
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Figure 14. Average i-v electrical characteristic 
curves, case B: 0 60 160 260mT 

 

Figure 15. Average p-v electrical characteristic curves, 
case B: 0 60 160 260mT 

 

 

4.3.   The normalized values of the critical solar cell parameters: Voc, Isc, Vmp, Imp, Pmax and FF  

The experimental results shown in Figures 16 to 21 where applying external B of 0-260mT could 

provide higher Voc (from 5.29V to 5.41-5.67mV), Vmp (from 4.13V to 4.18-4.43mV), Isc (from 177mA to 

182-199mA), Imax (from 156mA to 166-181mA), Pmax (from 650mW to 694-804mW) and FF (from 0.69 to 

0.7-0.72). The results of this section showed that the electrical parameters, Voc, Vmp, Isc, Imp, Pmax and fill 

factor were improved for the treated cell with higher in values and thus increased the electricity generation 

performance and efficiency for the solar cell in overall.  

The above explanation would be clearly shown by Figures 22-27; where applying the external B 

of 0-260 mT could provide higher values of Voc (1.02-1.07%), Vmp (1.02-1.07%), Isc (1.02-1.12%), Imax 
(1.05-1.15%), Pmax (1.06-1.23%) and FF (1.01-1.03%).  

 

 

  
 

Figure 16. Open circuit voltage value (Voc) of  

each testing B level 

 

Figure 17. Maximum power voltage value (Vmp) of 

each testing B level 

 

 

  
 

Figure 18. Short circuit current value (Isc) of  

each testing B level 

 

Figure 19. Maximum power current value (Imp) of 

each testing B level 
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Figure 20. Maximum power value (Pmax) of  

each testing B level 

 

Figure 21. Fill Factor (FF) of each testing B level 

 

 

  
 

Figure 22. Normalized open circuit voltage value of 

each testing B level 

 

Figure 23. Normalized maximum power voltage 

value of each testing B level 

 

 

  
 

Figure 24. Normalized short circuit current value 

of each testing B level 

 
Figure 25. Normalized maximum power current value 

of each testing B level 

 

 

  
 

Figure 26. Normalized maximum power value of 

each testing B level 

 

Figure 27. Normalized fill factor of each testing B 

level 

 

 

5. CONCLUSION 

The effects of magnetic field intensity on electrical characteristics of a monocrystalline silicon solar 

cell were presented. The experimental test-rig under standard test condition was set up and tested to observe 
the respective effects. The electrical characteristics in terms of current-voltage-power curves, critical solar 

cell parameters and fill factor were then examined and analyzed. The experimental results showed that 
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applying magnetic intensity of 60-260mT significantly improved electrical characteristics curves, as well as, 

providing higher Voc (1.02-1.07%), Vmp (1.02-1.07%), Isc (1.02-1.12%), Imax (1.05-1.15%), Pmax  

(1.06-1.23%) and FF (1.01-1.03%).  
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