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ABSTRACT

The influence of the wavelength of a monochromatic illumination on transient short-
circuit current in an n/p polycrystalline silicon solar cell junction is investigated. A
wavelength dependence in the initial part of the current decay is observed in the case of
cells with moderate grain boundary effects. This influence is attenuated in polycrystalline
cells with strong grain boundary activity.
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1 Introduction
The excess minority carrier lifetime in the base of a solar cell is an important device pa-
rameter for the electrical characterization of semiconductor material used for photovoltaic
conversion. Various techniques [1, 2, 3] have been used in order to determine this param-
eter and among them, the short-circuit current decay method is widely investigated. It
is based on measuring the current decay in a cell in short-circuit configuration after the
abrupt cutoff of an incident light irradiating the sample. The investigations about the
transient curves allow to determine the minority carrier lifetime and the surface recombi-
nation velocity. It is known that any incertainty in the start of the decay makes inaccurate
the determination of the surface recombination velocity [4]. Also it has been shown that
the initial part of the short-circuit current decay in single-crystal cells is dependent on
the wavelength of the light [5].

The purpose of this paper is to extend this study to the influence of a monochromatic
illumination on transient short-circuit current induced in an n/p polycrystalline silicon
solar cell junction.

2 Theory
A three-dimensional model for polycrystalline cell which is based on the fibrously oriented
grain (i.e. columnar structure for grains) [6, 7] is used. The calculations are carried out
in a cartesian coordinates system (O,x,y,z) with the origin O located on the emitter's
surface. It is considered rectangular parallelepipedic grains of dimensions 2a in x direction,
26 in y direction and H in z direction. The grain boundary activity is described by a
grain boundary recombination velocity Sns and a square section for grains (i,e grain size
Xg = 2a = 2b) is used in the computer simulations. The cell is supposed to be illuminated
on the front surface (z = 0), by a gaussian pulse excitation. By solving the continuity
equation for excess minority carrier density (np — rem)(r,t) for all times ( > 0 :

with the boundary and initial conditions outlined in ref [7], the solution for eq(l) can be
obtained by using the Green's function method :

(«„-«„)(!•,*)= / ' *' f dx> f dy' I" dz'9(r\t')G(r,t/r',t') (2)
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where G(r,t/r',t') is the Green's function and g(r,t) the generation rate :

:ph-a{\),] (3)

a is the absorption coefficient, Dn the diffusion coefficient for electrons in the base, R the
reflection coefficient. F(X,t) is the incident photon flux varying with time according to a
gaussian pulse :

(4)



Ts is the center of the gaussian pulse, <x its pulse width and Fo the number of photons
per unit area per unit time in the light pulse.

The excess electron density at any time t > 0 in short-circuit conditions is :
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where erf(x) is the error function. ze, W and Ht = H — {ze + W) are respectively the
thicknesses of the emitter, the space charge region and the base. H is the cell thickness
and Sn is the back surface recombination velocity. The determination of the quantities
/Ijt,, Ai;, AVk and the decay constant /?„_ h is shown in ref [7]. The eigenvalues fc,, /j, ^t
are obtained from the roots of the following transcendental equations :

(k,a)tan(k,a) = - S f l (6)

(8)

The electron current density per unit bandwidth in the polycrystalline material at the
junction edge z = zc + W is :

d
az

and the average photocurrent per unit area obtained by integrating Jn(t) over the junction
area (i.e in the intervals [—a, a] and [—6,6]) is given by :
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The negative slope of In [ln{t]] versus time gives the reciprocal of the instantaneous
observed lifetime T; [8] :
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3 Results and discussions

In a recent work [7], the transient short-circuit current induced in an n/p polycrystalline
silicon solar cell junction by a square pulse light is studied through the grain size and the
grain boundary recombination velocity. For the purpose of comparisons, this transient
(curve 1) is displayed on fig.l together with the short-circuit currents (curves 2, 3, 4)
induced by a gaussian pulse light with different values of a. The curves are computed using
a long wavelength illumination (A = 1.04/im) on the front surface of a cell of thickness
H = 200/iTn. The back surface recombination velocity is chosen low (Sn = lm/s) in order
to minimize the carriers recombination at the back surface. It is considered a grain size cell
Xs of lOQttm and a grain boundary recombination velocity 5,3 = lOOro/s. The emitter's
thickness is ze = O.S^m and the values of the diffusion coefficient Dn = 27 10~4m2/s, of
the diffusion length Ln = 164 r̂rc and of the space charge region thickness W = 0.28^m
are taken from [9].

The photocurrents /n(') are normalized with respect to the steady-state short-circuit
current Io produced by a square pulse light in the polycrystalline sample. The logarithmic
plots of the transients (/n[/„(</!•„)]) displayed on curves 2, 3 and 4 show the influence
of the pulse width tr on the current decay. The increase in a values raises the height
of the photocurrents due to the difference in injection levels. In greater time ranges,
the currents decay approximately exponentially with a decay constant /?„,„ = l/rejj —
\/rn + Dn(k\ + l\ + n\) indicating that the effective excess minority carrier lifetime in the
base region TC]J is independent of light pulse width. The quantity Tn is the bulk lifetime
and the second term Dn (k\ + /J + fi\) describes the surface effects in the cell through the
values of ki, li and fii which use function of the dimensions of the grain and the grain
boundary and back surface recombination velocities. They are given by the first roots of
the transcendental equations (6), (7) and (8).

By increasing the grain boundary recombination velocity, the decay rate increases
showing a rapid drop of the current (fig.2) due to a high carriers recombination rate in
grain boundaries and implying a negligible influence of the base thickness [7]. The values



of Trff are found to be equal to 3.6, 1.5 and 0.4^s respectively for 5n , having the values 0,
10 and lOOro/s. These effective lifetimes are the asymptotic values of the instantaneous
observed lifetime T; deduced from the linear part of the curves J ^ a s a function of time
(fig.3) and calculated at two wavelengths : A = lMfim (curves la, 2a, 3a) and X = OAfim
(16, 26, 36). As a result, these linear parts lie on a greater time range if greater is the
grain boundary recombination velocity and longer is the wavelength.

Fig 4 and 5 show at different wavelengths, the transient short-circuit currents for
a polycrystalline cell of no grain boundary activity (5,,s = Ora/s) and for a cell of an
important grain boundary recombination velocity (Sn3 = lOQm/s). The values of the
absorption coefficients a used for the computer simulations are taken from [10]. It is seen
from these figures that the current decay for small values of tJTn becomes faster if the
wavelength of the excitation decreases. All curves are quite linear for great values of t/rn

with the same slope. For a given wavelength, the difference between the decay rates in
the first stages and in a greater time range is larger in the moderate grain effects cell
than in the one with strong grain boundary activity. The influence of the wavelength
on the transient through the grain boundary recombination velocity is shown on fig.6 by
plotting the ratio r>i ~T" as a function of time. Three values of Sns (0, 10, lOOm/a) are
considered. This ratio is the relative gap between the instantaneous observed lifetimes T^
and T,, respectively calculated for A = 1.04^m and A = 0.40^m. For a given value of Sns,
this quantity decreases and approaches the value zero as the time increases, indicating
that the asymptotic value of T, is independent of the wavelength, as expected. For a
small time range, the values of r,j and T<, are different as shown on fig.3 and 6. This
difference is attenuated when the grain boundary recombination velocity increases and
a support of this statement is that at t = 2/i$, the ratio is 49.7%, 34.5% and 12.3% for
Sn9 equal to 0, 10 and lOOm/s. Clearly at short times, just after the termination of
the light excitation, the short-circuit current decay in polycrystalline cell with moderate
grain boundary activity, is strongly dependent on the wavelength. At the opposite, the
cell behaviour is less subject to the influence of the wavelength when the excess minority
carriers recombination in grain boundaries is high.

4 Conclusion

In this work, the transient short-circuit current induced in an n/p polycrystalline solar
cell junction cell by a gaussian pulse light is derived. The influence of the wavelength of
the illumination on the start of the current decay is examined. Polycrystalline cells with
moderate grain boundary effects are more sensitive to the light wavelength than the ones
in which the carriers recombination in grain boundaries is important.
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Figures captions
Fig. 1 : Logarithmic plots of the short-circuit current versus normalized time ^ in-

duced by a square pulse light (curve 1) and by different gaussian pulses light (curve
2 : a = 50ns ; curve 3 : f = 25ns ; curve 4 : a = 12.5ns).
70 ia the ateady-state short-circuit current produced by a square pulse light of du-
ration OA/is. rn = Id/is ; T3 = O.lfts ; A = 1.04^.

Fig. 2 : Logarithmic plots of the short-circuit current versus normalized time ^ in-
duced by a gaussian pulse light of width a = 50ns for different grain boundary
recombination velocities.
Xg = lOOfim ; H = 200/zm ; S» = \mjs ; rn = iOfiS ; Tg = O.l/is ; X = \M/t9.

Fig. 3 : Plots of the ratio i - a s a function of time for different grain boundary recom-
bination velocities and for the wavelengths : A = 1.04/xs (curves la, 2a, 3a) and
A = 0.40/im (curves lb, 2ft, 3fc).
Xs = lOO/im ; H = 200/jm ; Sn = Im/s ; rn = 10/is ; Tg = 0.1/JS ; <J = 50ns.

Fig. 4 : Logarithmic plots of the short-circuit current versus normalized time ^ in a
cell of no grain boundary activity (£„„ = Om/s) at different monochromatic illumi-
nations.

Fig. 5 : Logarithmic plots of the short-circuit current versus normalized time j - in a
cell with strong grain boundary activity (£„, = lOOm/s) at different monochromatic
illuminations.

Fig. 6 : Plots of the ratio r ' ' ~ T" as a function of time for three grain boundary re-
combination velocities.
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