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ABSTRACT 

The work is a study of the transient decrease obtained between two operating points on the currentvoltage characteristic 

of a series vertical junction silicon solar cell placed under a magnetic field and constant multispectral illumination. The 

magneto-transport equations relating to the excess minority carrier density in the base of the solar cell is studied in 

transient state by the Sturn- Louiville method, taking into account the recombination speeds (Sf) and (Sb) respectively at 

the junction (n+/p) and on the rear face exponential decay of the charge carrier density are analyzed through the 

thickness of the base. 
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1. INTRODUCTION 

The efficiency of a solar cell is related to its ability to convert solar energy into electricity. Thus, there are several 

parameters that contribute to this improvement. Among the most important parameters we can note the coefficient (D) of 

diffusion [1, 2], the length (L) of diffusion [3] [4], the lifetime ( ) [5], and the velocities of recombination at the Sf 

junction [6] and on the rear face Sb [7] of the minority charge carriers. Added to this are the series resistance Rs and the 

shunt resistance Rsh as well as the power. The characterization of solar cells by determining the phenomenological and 

macroscopic parameters can be obtained by different techniques based on the operating regimes that are the static and 

dynamic regimes. The dynamic regime   includes: the dynamic frequency regime and the transient dynamic regime. To 

produce low-cost solar cells, vertical multi-junction (VMJ) solar cells have been manufactured, allowing on the one 

hand, incident illumination parallel to the space charge zone, uniform and constant. on all regions and on the other hand, 

to the excess minority charge carriers of short diffusion length to be better collected. These vertical multi- junction solar 

cells are of two types depending on the basic connection between the cells (n/p or n/p/p+), in order to improve either the 

photogenerated current (connection in parallel) or voltage (series connections. In this work, a transient study of a series 

vertical junction solar cell obtained by variation of the operating point is proposed. The solar cell is maintained under 

constant multispectral illumination and under magnetic field. 

The decay time constant is obtained using the diffusion equation of excess minority charge carriers in the base placed in a 

magnetic field. The boundary conditions allow us to obtain the transcendental equation [8,9] from which the eigenvalues 

are obtained. The fundamental mode corresponding to n=0, predominates over the harmonics of order (n0) and the 
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transient regime is then obtained with a single exponential decay term and the time t0 indicates the origin of the 

exponential type decay time.  

2. THEORICAL STUDY 

Experimental Devices  

The figure 1 represenst the experimental device used to obtain the transient state by variation of the solar cell operating 

point.  
This device includes a generator (Bri8500) which supplies an REP 50n06 type mostet transistor , two adjustable resistor 
r1 and r2 , a solar cell placed in a magnetic field , a digital oscilloscope, a microcomputer and a multi-spectral light 
source to illuminate the solar cell.  

 

Fig. 1 Experimental device for the characterization of the solar cell  

Operating principle of the experimental device at the instant greater than zero (Figure 1), the solar cell being under 

constant multispectral illumination, the Mosfet transistor is open and the solar cell is charged by the resistor R2 alone: 

which represents the operating point F2 in steady state [8-9] (Figure At t = 0, the closing of the MOSFET T begins and 

after a very short time (600-800 ns) the MOSFET is totally closed and the resistor R1 is in parallel with R2. We are at the 

operating point F1 in steady state (Figure 2). The transient state is obtained between the two operating points in steady 

state F1 and F2. The transient voltage at the terminals of the solar cell is recorded by a digital oscilloscope (Tektronics) 

which then transmits it to a microcomputer for processing and analysis.  

By varying the resistors R1 and R2, the steady-state operating points F1 and F2 move on the currentvoltage characteristic 

of the solar cell (Figure 2), which allows us to perform the experiment at any point of this characteristic from open circuit 

to short circuit and record the voltage or current response of the solar cell under constant multispectral illumination. 

Figure 2 below gives the plot of the I-V characteristic of the solar cell, under different values of the magnetic field. cited  

 
Fig. 2 The I-V characteristic of the solar cell, under different values of the magnetic field. cited. 

 
Fig. 3 Open Circuit Solar Cell Minority Carrier Density Profile for aMagnetic Field B=0 T 
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For the fundamental mode and the various harmonic states in the vicinity of the Open Circuit.  

We note at the level of this figure 3 that the density of the carriers decreases to reach the final steady state. It is the same 

for all the harmonics of order n. However, one can observe that after a time t0, the densities of the other modes or 

harmonics n≠0 rapidly tend towards 0, while that of the fundamental mode merges with the total density δ(x, t).  

 
Fig. 4 Open Circuit Solar Cell Minority Carrier Density Profile for a Magnetic Field B=0.0001 T 

Figure 4 represents the profile of the density of minority carriers as a function of time for a Magnetic Field B=0.0001 T 
for the fundamental mode and the various harmonic states in the vicinity of the Open Circuit  

 
Fig. 5 Open Circuit Solar Cell Minority Carrier Density Profile for a Magnetic Field B=0.0005 T 

We note at the level eof figures 3, 4 and 5 that the magnetic field influences the transitory variation of the density of the 

carriers. Indeed when the field increases, the carrier density decreases and the time variation is faster  

We note in these Figures that the densities of the minority charge carriers corresponding to the different values of n 

decrease and all tend towards the same limit for a relatively long observation time. They are all convergent. The density 

of the fundamental mode is preponderant and is joined by those of the harmonics which always form the same block and 

become negligible compared to that of the fundamental mode.  

However, we notice that the density of the total minority charge carriers merges with that of the fundamental mode from 

a time that can be noted t0.  

These Figures also show that the density of the carriers decreases with time and after a time to (> 1.8 μs), the densities of 

the modes other than the fundamental mode become negligible.  

Thus, for a given value of magnetic field we feel the same effects.  

After having drawn the curves of density of the minority carriers for various values of the Field we also drew the curve of 

density of the minority carriers for the fundamental mode of all the B together.  
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CONCLUSION 

This study of the transient state obtained from a silicon solar cell was carried out through the transient density of 

excess charge minority carriers in the base. The graphical resolution of the transcendent equation has been carried 

out. Thus, the eigenvalues and the decay time constants obtained are dependent on the magnetic field. The 

eigenvalues obtained for the solar cell in open circuit are relatively lower than those obtained for the short circuit 

mode. So the decay time is much longer for open circuit to short circuit mode.  
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