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A new parameter for solar cell characterization has been introduced. The n—p junction has
been considered as an active interface and an interfacial dynamic velocity is defined at the
base boundary of the space charge region. We show that this interfacial dynamic velocity
depends on the base width, base doping profile, and the recombination velocity at the device
back surface. Additionally, it is shown to be a function of the operating conditions such as the
applied potential and the illumination level.

1. INTRODUCTION

Photovoltaic energy conversion is a coming source of electrical power.
The basic mechanisms in solar cells are now understood and modelling
techniques have led to the optimization of the device structures. Large-
scale manufacturing of new fabrication technologies have been developed
and there is rising interest in the use of concentrating systems to increase
the solar cell output power per cm?, in order to reduce the cost of photo-
voltaic systems. A limitation of the expected effect appears resulting from
high injection effects, which modify the fundamental physical processes of
carrier transport in the cell.

Recent studies [1-3] have shown a degradation of the efficiency of solar
cells at high illumination levels because of carrier recombination in the
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space charge region (SCR) at the junction. The SCR behaves like an active
interface. Until now, no parameters have been introduced to define the
properties of solar cell junction under illumination.

Modelling techniques leading to the characterisation of Metal-
Semiconductor interfaces have introduced a recombination velocity [4,5]
that was used later on to describe the back interface of back surface field
[BSF] solar cells [6,7]. This was done with the microscopic modelling of
the p—p+ interface.

In this paper, we introduce an interfacial dynamic velocity in order to
characterize the junction as an active interface. It considers the excess
minority carrier profile in the solar cell base under illumination. The in-
terfacial dynamic velocity is shown to be a function of the illumination
level, the operating conditions, and the physical structure of the cell.

2. THEORY

A common practice to describe the rate at which carriers are lost at semi-
conductor interface [4] is the introduction of a surface recombination ve-
locity S. The interface current density J is written [5,8]:

J=—qnS (1)

where n is the excess minority carrier density close to the interface and g
the electron charge. In order to introduce an interfacial dynamic velocity
for characterisation of the n—p interface of a solar cell we consider an n +
-p junction (Fig. 1).

Let n(x) be.the minority carrier excess density of the p type base region
with the origin of the x axis taken at the physical junction. Assuming that
the SCR in the p region, (0 = x = Wp) is depleted, we define an Interfa-
cial Dynamic Velocity (IDV) S, depending on the minority carrier density
at the interface x = Wp. In 1D modelling, the flux of the total current
density J across the interface is given by:

J D dn(x)|
X

q =Ly d x=Wp + “‘nn(x)E(x)|x=Wp (2)
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FIGURE 1 Schematic structure of n* —p solar cell for present calculations.

where D, and p, are, respectively, the electronic diffusion coefficient and
mobility. E(x) is the electric field. Equations (1) and (2) lead us to define
the IDV at the x = Wp interface through:

-0, B~ B GOEGl -y = n(WPS, &)

Equation (3) is a boundary condition and S, is a function of the physical
parameters of the solar cell through the carrier density n(x). Further, S, is

dependent on the actual operating conditions (potential at the junction Vj
and illumination level).

2.1 Determination of n(x):

The minority excess carrier density is obtained from the solution of the
continuity equation in the steady state taking into account the light-
induced, space-dependent, carrier-generation rate g(x):

2
Dnd H(ZX) + Mnn(x) dE(X) + E( )dn(x) n(x) +g(x)=0 4)

where 7, is the minority carrier lifetime in the base. A good approximation
of the function g(x) is given by [9]:
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5
g(x) = 213 a; exp(—byx) (5)

The coefficients a; and b; are taken in the AMI illumination conditions.
Equation (4) is solved under the boundary conditions at the junction:

2
A(Wp) = 2 [exp(@ViAT) = 1] ©®
A

and at the back surface:

_Dn

dnix)lﬁh = Spn(x)l,—p, @

d

where n; is the intrinsic density, N, the acceptor doping density in the
base, and S, the back recombination velocity of the solar cell at x = h.

The electric field is taken as E = Vj/h in order to develop this model
and solve Eq. (4). In this case, the carrier density is given by:

5
n(x) = A exp(r;x) + Bexp(r,x) + >, o; exp(—bx) (8)
i=1
where

D
—poE + [ (mE) + 4=
Tn

r = D )

n

D
B = [ (0EY + 4=
Tn

2D

n

r2:

(10)

and

o= - (1
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The constants A and B are determined from the boundary conditions (6)
and (7). They are given by:

A=
5 5
>, (Dyb; = Sp)ay exp(r,Wp — bjh) — (S, + 1,D,) ["(WP) -2 eXP(‘biWP)] exp(r;h)
=1 i=1
(Sy, + r,D,) exp(r;h + r,Wp) — (Sy + 1r,D,) exp(r; Wp + r,h) (12)
B =

5
[—2(S,, + 1,D,) exp(roh(r, — r))Wp) — (S, + 1,D,) exp(r;h)] [n(Wp) =, (Db, = Sp)e, exp(r,Wp — blh)]

(Sy + r,D,) exp(r;h + r,Wp) — (S, + r,D,) exp(r, Wp + r,h) (13)

The excess carrier density profiles versus x for a set of illumination
levels are shown in Fig. 2. We notice a large increase in the maximum of
the excess carrier density profile near the interface.
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FIGURE 2 The distribution of the minority density n(x) in the base for increasing illumi-
nation levels and for the operating potential Vj = 0.5 Volt. The parameters of the solar cell
are: N, = 10" cm™?; S, = 10° cm.s™' and h = 0.03 cm. The light concentration factor is

indicated on the graph (rising from | sun to 10 suns).
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This figure shows a gradient of n(x) in the junction region larger than in
the base. It increases the diffusion current and is responsible for the modi-
fication of the cell performances.

2.2 Determination of Sd.

Equations (7)—(12) lead to express S, as:

5
D,| Ar, exp(r;Wp) + Br, exp(r,Wp) — > a;b; exp(—b;Wp)

i=

5
A exp(r;Wp) + B exp(r,Wp) + >, o, exp(—b,Wp)
=
(14)

The behavior of the interfacial dynamic velocity S, as a function of Vj
and its dependence on the illumination level is displayed in Fig. (3). This
figure shows that S, decreases with Vj, and the greater the illumination
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FIGURE 3 Variations of Sy versus Vj for increasing illumination levels. The parameters of
the base of the solar cell are: N, = 10'® cm™?; S, = 10° cm.s™! and h = 0.03 cm. The light
concentration factor is indicated on the graph (rising from 1 sun to 10 suns).
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(number of suns), the larger the drop in its magnitude. For large values of
Vj (close to the open circuit value), S, approaches the limiting value of
2.10* cm.s ™!, whatever the illumination level. In contrast, for values of Vj
corresponding to actual operating conditions, we notice a great depen-
dency of S, upon illumination. For instance, when Vj = 0.4 V, S, in-
creases from 1.7 10° cm.s™! to 1.7 107 cm.s™' when illumination rises
from 1 sun to 10 suns. The IDV value reflects the effectiveness of the
junction interface at the active border of the space charge region.

For a one sun illumination and Vj = 0.4 V, we have obtained a value for
Sq = 1.7 10° cm.s™" whereas for Vj = 0.5V, S; = 2.4 10* cm.s™". The
great sensitivity of the IDV to the operating conditions is related to mi-
nority carrier concentration at the junction interface. Low values of the
IDV are indicative of weak current flow.

The effect of the physical parameters such as the base doping N, and
the back surface recombination velocity S, are shown in figures (4) and
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FIGURE 4 The variations of S, versus Vj for difterent concentrations N, in the base under
one sun illumination. 1 N, = 10" cm™% 2. N, = 5.10"" cm % 3. N, = 10" cm % 4. N,

= 5.10'® cm ™. The parameters of the base of the solar cell are: h = 0.005 cm and S, = 10°
cm.s”
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(5).

We note that the variations of Sy show a large sensitivity with respect to
N, and Sy when Vj is in the 0.4 V-0.5 V range. This results from the
increase of the photocurrent with the base doping level and large values
are indicative of high junction space charge. However, the effects of S, on
S4 are greater in solar cells with relativity narrow bases of the order of 50
pum (Fig. 5). For standard solar cells (base width of the order of 200
um—300 um), the effect of Sy on S, is not significant. This result was

expected since the minority carriers recombined before reaching the back
contact.

3. CONCLUSION

This work introduces a new parameter for solar cell characterization, the
interfacial dynamic velocity Sy, which is related to the cell illumination
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FIGURE 5 The variations of S, versus Vj for different back surface recombination veloci-
ties under one sun illumination. 1. S, = 10> cm.s™'; 2. S, = 10° cm.s™'5 3. S, = 10* cm.s™;

B

4.8, = 10° cm.s~'. The parameters of the base of the solar cell are: h = 0.005 cm and N,
= 10"%cm ™2



SOLAR CELL CHARACTERIZATION 103

level. Its dependence on the cell technological parameters in normal op-
erating conditions, has been discussed.

The interfacial dynamic velocity has been shown to be a practical pa-
rameter to describe the effectiveness of the solar cell under illumination. It
should be of interest for modelling studies to optimize solar cell structure
for light concentration operative conditions.

References

(1
[2]
(3]
[4]
[5]
(6]
{71
(8}

91

Walters, R. J., Messenger, S. R., Summers, G. P., Burke, E. A. and Keavney, C. J.
(1991). IEEE Trans. on Nuc. Sc., 38, 1153-58.

Mialhe, P., de la Bardonnie, M., Le Bras, L., El Hajj, K. and Khoury, A. World
Renewable Energy Congress III, 11-16 Sept. 1994. READING (U.K.), III, 1651-53.
Mialhe, P., Affour, B., El Hajj, K. and Khoury, A. (1995). Active and Passive Elec-
tronic Components, 17, 227-32.

Sze, S. M. Phys. of Semiconductor Devices, 2nd Ed. (Wiley-Interscience, 1981).
Sah, C. T. (1986). Solar Cells, 17, 1-27.

Rose, B. H. and Weaver, H. T. (1983). J. Appl. Phys., 54, 238-47.

Sing, S. N. and Sing, P. K. (1990). Solid-St Electronics, 33, 968-70.

Tewary, V. K. and Jain, J. C. (1986). Advances in Electronic and Electron Physics, 67,
329-414.

Furlan, J. and Amon, S. (1985). Solid-St Electronics, 28, 12, 1241-1243.



