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Abstract
In this work, we present an experimental transient 3-Dimensionnal study for
the minority charge carriers’ effective lifetime measurement under magnetic
field in transient dynamic state. The magnitude of the magnetic field B is varied from 0 mT to 0.03 mT. The method used is mainly based on the open
circuit voltage decay method. The solar cell is injected by a low electrical
excitation which protects against capacitance effects. Our approach is based
on the open circuit voltage decay response analysis. From an experimental
set-up, we get the transient voltage data on a digital scope. The data are used
for plotting transient voltage decay curves. The curves obtained and analyzed
are fitted in their linear zone. This zone presents an ideal decay which permits
to get good values of lifetime. The slope of the linear decay is inversely proportional to effective lifetime. The results of fitting permit determinate the
effective charge carriers’ lifetime directly. The results obtained are then presented and analyzed. The observations indicate that the charge carriers effective lifetime decrease when the magnetic field increases.

Keywords
Effective Lifetime, Electrical Excitation, Frequential Dynamic Regime,

DOI: 10.4236/epe.2020.1212041

Dec. 31, 2020

709

Energy and Power Engineering

N. Y. Traoré et al.

Magnetic Field

1. Introduction
High lifetimes are indicative of the best efficiency of solar cell while low lifetimes
might point problems that reduce the quality of solar cell. In the last years, a
number of new methods have been proposed and earlier methods reviewed
for the measurement of minority carrier lifetime in solar cell. These include the
open circuit voltage, reverse recovery, photoconductivity decay, short circuit capacitance measurement, spectral response, impedance measurement, etc.
The lifetime measurement is therefore used to assess the solar cell efficiency.
For this purpose, several technics are developed by authors for lifetime measurement and their limits are pointed out [1] according to the solar cell operating mode. Among these technics, the open circuit voltage decay technic [2] [3] is
a simple non-destructive method for measuring minority carriers’ lifetime in solar cell. In practice, this technic tends to be subjective and unreliable because the
difficulty frequently arises in finding a region of the decay which reasonably linear. However, there are been recent developments in both experimental [4] and
theoretical [5] areas which are significantly improved the reliability and accuracy
of the approach. In this method, a voltage is induced in the solar cell and is then
allowed to decay under open circuit conditions.
In this experimental study, in first time, we present the experimental set-up. In
second time, the experimental conditions will be described and assumptions made
will be presented. Thirdly, the method for charge carriers’ effective lifetime measurement will be explained and the results obtained will be presented and analyzed.

2. Materials and Methods
The experimental set-up is presented on Figure 1. The experimental set-up is
composed by the following details: a mono-facial silicon solar cell manufactured
by MOTCH INDUSTRY; a pulsed light source MINISTROB PHIWE, a digital
oscilloscope TECKTRONIX model TDS 210, a computer INTEL 586, a low frequency generator (GBF) GFG-8015 G and Helmholtz Coil.

Figure 1. Experimental set-up.
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Figure 2. A sample grain under magnetic field.

At time t = 0, the solar cell is injected by an electrical excitation which established a steady state characterize by the potential V1 corresponding to an operating point called point 1. The voltage V1 drops from V1 to V2 (Figure 3).
At the time t=Te, the flash is abruptly stopped. The voltage V1 drops from V1
to V2 corresponding to a new operating point denoted 2. The decay of voltage
from V1 to V2 is recorded on a digital scope connected to a computer via RS232.
The computer permits to store the experimental data for later using.
The experimental system principle operating is the same described by Sam et

al. and R. Sam et al. [6] [7]. In addition, we consider the solar in operating conditions where there are not other fields.
The Kaleidagraph software which is a thoughtfully designed graphing and data analysis application for research scientists permits us to convert complex data
obtained during experimentation into transient curves after plotting.
Figure 2 is a sample model of grain under magnetic field.
The calculation of transient voltage decay expression by using boundaries
conditions and quasi-neutral base theory gives [7]:
- For linear zone
V ( t ) =−

VT

τc

⋅ t + VT ⋅ ln ( q0 ⋅ θ k , j (ω ) )

This is a linear function with a negative slop −

1

τc

(1)

.

- For exponential zone

V ( t ) = VT ⋅ q0 ⋅ θ k , j (ω ) ⋅ e

−

t

τc

(2)

This is a time dependent exponential decay function.
The Equations (3), (4), (5) and (6) are boundaries conditions
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∂δ ( x, y, z , t )
Sf
= =
δ ( x, y, z 0, t )
∂z
D∗
z =0

(3)

∂δ ( x, y, z , t )
Sb
= =
δ ( x, y , z H , t )
∂z
D∗
z=H

(4)

∂δ ( x, y, z , t )
∂x

x= ±a

Sgx
=
± ∗ δ (x =
± a, y , z , t )
D

∂δ ( x, y, z , t )
∂y

y = ±b

Sgy
=
± ∗ δ ( x, y =
±b, z , t )
D

(5)
(6)

Sf, Sb, Sg are the recombination velocity of minority charge carriers respectively at surfaces z = 0, z = H and x = ± a (or y = ±b). a, b and H are the grain
sizes as indicated on Figure 2.

D∗ , L∗ are also respectively the electrons diffusion coefficient and length
diffusion of charge carriers.

3. Effective Lifetime Measurement
Our approach is based on the linear approximation of transient voltage decay
because in low injection it permits to avoid impedances effects [8]. The following curve presents the different zone of transient voltage curve.
After identification of linear zone of the curve, we fit this zone and we get a
linear regression line indicated on Figure 4.
In Figure 5, the linear regression line equation is found with a good correlation coefficient R. The slope of this linear regression line is dependent to the effective lifetime of minority charge carriers.

α =

VT

τc

(7)

Figure 3. Operating mode.
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Figure 4. A linear regression line with it equation.

Figure 5. Transient volatage decay curves versus magntic field.

where α is the slope of the transient voltage curve, VT is the thermic voltage and

τ c is the minority charge carrier effective lifetime.

4. Results and Discussions
After registration of transient voltage data on digital scope, we use Kaleidagraph
software to make simulations. Then, we get the curves of transient voltage decay
for various magnetic field according to the time.
By observing the profiles of the curves, we note two types of decay: linear decay and exponential decay. The linear decay is major than exponential decay for
all curves because low injection used the permit to avoid impedance effects. The
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Table 1. Effective lifetime values versus magnetic field.
B (mT)

0

0.01

0.015

0.02

0.025

0.03

τc(s)

23 × 10−6

23 × 10−6

21 × 10−6

20 × 10−6

19 × 10−6

6.5 × 10−6

transient voltage drop is less sensible for magnetic field values B  0.03 mT
than for magnetic field values B = 0.03 mT .
We also remark that for magnetic field values B = 0.03 mT (curve in blue),
the decay is very fast at the beginning of transient state to be slow at the end.
After the fitting of all the analyzed curves, we note that the exponential zone is
minor than the linear zone. We got ideal types of open circuit transient voltage
decay according to Dariwhal and Mahan conditions [1] [9].
The results of curves fittings are noted on the following Table 1.
The results analysis indicates that the charge carriers’ effective lifetime decreases with the magnetic field. These results are in agreement with theoretical
results obtained and published by Alain et al. and Sam et al. [7] [8]. However, we
remark that for magnetic values B  0.02 mT , the variations are slow. The decay becomes sudden when magnetic field values exceed 0.02 mT. Indeed, the
charge carriers’ effective lifetime is reduced of 55% for magnetic field values
variations 0.025 mT  B  0.03 mT . This decay explains the fast recombination
of charge carriers when the magnetic field increases. The extension of space
charge region width with the magnetic field increase [10] explains an important
disappearance of charge carriers. Also, the decrease of diffusion length with
magnetic field explains these variations of charge carriers’ effective lifetime.

5. Conclusion
In this paper, we made an experimental study for lifetime measurement under
magnetic field in transient dynamic state. The experimental set-up is presented.
The technic of lifetime measurement is conducted from the open circuit voltage
decay with electrical excitation and presented. The 3D approach permits to get
transient voltage expressions respectively in linear zone and exponential zone.
The transient voltage curves are plotted with experimental data by the using of
Kaleidagraph software. The linear fit gives minority charge carries effective lifetime by using Equation (7) because the linear zone presents an ideal decay for
lifetime measurement. The results obtained indicate the decay of minority
charge carrier effective lifetime with magnetic field increase. These experimental
results are in good agreement with those published in the literature and experimentally. Our study is therefore validated after all these observations.
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