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heterojunction solar cell efficiencies have been calculated by
R. Sahai and A.G. Milnes [2], including the loss in efficiency
due to reflection, incomplete collection and internal series
resistance. Milnes and Feucht [3] discussed about different
heterojunction pairs in detail. Effect of texturing and surface
preparation on lifetime and cell performance in heterojunction
solar cells have been studied in detail by M. Edwards et al.
[4]. The surface recombination analysis in silicon
heterojunction solar cell has been investigated theoretically by
R. Barrio et al. [5]. The current losses at the front of silicon
heterojunction solar cells have been discussed by Z.C.
Holman et al. [6]. An analysis of the photovoltage of a
heterojunction solar cell has been published by X. Chao [7].
Recently conversion efficiency over 20% on silicon
heterojunction solar cells by IPA-free substrate texturization
has been reported by J. Kegel et al. [8]. In this paper we have
studied the excess minority carrier distribution in both the
front and base regions of a GaAs-Si n/p heterojunction solar
cell and also their contributions to the photocurrent densities
of the cell, taking into account different solar cell parameters
like surface recombination velocity, wavelength of the
incident light and corresponding absorption coefficient of the
material. Also, a new structure of the solar cell with a back
surface field has been suggested to give better performance.

Abstract
A theoretical investigation has been carried out on a GaAs-Si
n/p heterojunction solar cell. Analytical expressions of the
excess minority carrier concentration and photocurrent
contribution from both the top and base regions of the cell
have been obtained. The effects of different parameters such
as front and back surface recombination velocities,
wavelength of the incident light and corresponding absorption
coefficient of the material on the excess minority carrier
distribution and photocurrent density have been studied. It is
observed from these theoretical studies that the back surface
recombination has a significant effect on the photocurrent
density and hence on the spectral response of these solar cells.
Therefore, a structure of a heterojunction solar cell with a
back surface field (BSF) has been suggested to give better
performance, particularly with regard to the photocurrent of
the cell.
Keywords: GaAs-Si heterojuction solar cell; minority carrier
concentration; spectral response; surface recombination
velocity.

Introduction
Heterojunctions are widely used in the designing of solar cells
for the last few decades. Therefore lot of theoretical and
experimental research work has been done on these solar cell
structures. An analytical study on the conversion efficiency of
heterojunction solar energy converters was reported by
Shreedhar et al. [1]. They have calculated the efficiencies of
various heterojunctions such as Si-GaAs and Si-GaP. Several

Analysis
In this paper n/p GaAs-Si heterojunction solar cell structure
has been considered. Schematic diagrams of n/p GaAs-Si
heterojunction solar cell and the coordinates assumed in the
analysis have been shown in figure 1.
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at
The electron concentration in the base layer may be thus
written as
Figure 1: Schematic diagram of an n/p heterojunction
solar cell.
Analytical expressions for the minority carrier distribution and
the photocurrent contribution from the top and the base
regions of a n/p GaAs-Si heterojunction solar cell have been
obtained. The mathematical approach given by H.J. Hovel [9]
is followed for the calculation.
The generation rates of electron-hole pairs in the top and base
regions of the cell are given by

The corresponding photocurrent density from the base region
is given by [9]

and
Hence the spectral response of the base region is given by
where α1 and α2 are the absorption coefficients of material-1
and material-2 of the cell respectively.
Combining these equations with the continuity and current
density equations, the expression for the hole concentration in
the front layer may be written as

The depletion widths w1 and w2 are determined by the
following equations [9]

where N1 and N2 are the densities of acceptor and donor atoms
respectively, ϵ 1 and ϵ 2 are the relative permittivities of
material-1 and material-2 respectively and vd is the barrier
height.

Where the following boundary conditions have been used [9]
at x= 0

Results and Discussions

at x= xn

Based on the analytical expressions obtained in the preceding
section, calculations were performed and the results are shown
in the figures. The concentration of the donor atoms taken in
the calculations for the top region is 1.7x10 17 cm-3 and the
concentration of the acceptor atoms in the base region is taken
as 1015cm-3. The diffusion length and diffusion constant for
the holes in the top region are taken as 3µm and 10cm2s-1
respectively. The same for the electrons in the base region are
taken as 225.7µm and 34.2cm2s-1 respectively following the
relationships given by J.G. Fossum [10]. The width of the top
region is taken as 0.6µm and that of the base region is 100µm.

The photocurrent density of the front region is [9]

Therefore the spectral response of the top region is given by

Using equation (3), the excess minority carrier hole
concentration of the top region of a n/p GaAs-Si
heterojunction solar cell has been calculated and the results
have been plotted in Fig.2 for various values of front surface
recombination velocity Sp. It is observed that the minority
carrier concentration is much higher near the surface, for low

Similarly, the electron concentration in the base region may
be obtained by combining the continuity equation and the
current density equation and using the following boundary
conditions [9]
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front surface recombination velocity Sp and lower for higher
values of Sp. This is due to the reason that as a result of
recombination at the front surface, many minority carriers are
lost there.

velocity Sn. It is observed that the minority carrier
concentration is much higher near the rear surface of the cell
for smaller values of rear surface recombination velocity S n.
This is interpreted from the fact that low recombination at the
rear leads to large accumulation of the carriers there.

Figure 2: Variation of excess minority carrier concentration
with position corresponding to different values of front
surface recombination velocity Sp of the top region.

Figure 4: Variation of excess minority carrier concentration
with position corresponding to different values of rear surface
recombination velocity Sn of the base region.

Fig.3 represents the spectral response contribution of the top
region for different values of front surface recombination
velocity Sp. It is observed from the figure that the
photocurrent contribution is much higher for smaller values of
Sp. This is interpreted from the fact that for smaller values of
Sp the recombination is low at the front surface and this result
in increased value of photocurrent contribution from this
region. Also it is observed that the spectral response attains
maximum value for the wavelength λ about 5000 Å.

Fig.5 shows the variation of the spectral response of the base
region of the cell as a function of wavelength λ for different
values of rear surface recombination velocity Sn. From the
figure it is observed that the spectral response of the base
region is significantly dependent on the back surface
recombination velocity Sn.

Figure 5: Variation of spectral response with wavelength of
the base region corresponding to different values of back
surface recombination velocity Sn.

Figure 3: Variation of spectral response with wavelength of
the top region corresponding to different values of front
surface recombination velocity Sp.

Suggestion for a new heterojunction solar cell
structure with a back surface field

Fig.4 shows the variation of excess carrier concentration in
the p-type base region of the solar cell as a function of
position for different values of the back surface recombination

It is observed from Fig.5 that the spectral response of the base
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layer of the solar cell improves significantly as the back
surface recombination decreases. Keeping in view this
observation, we suggest a new heterojunction solar cell
structure with a back surface field, as shown in Fig.6.

[3]

[4]

[5]

Figure 6: Schematic diagram of the suggested GaAs-Si n on p
heterojunction solar cell.

[6]

It was observed in the case of conventional n on p silicon
solar cells that incorporating a p+ layer at its back gave rise to
a n+ p p+ silicon solar cell which provided a back surface field
(BSF) and increased the efficiency of the cell significantly
[11,12]. From the same analogy, we expect that the new
structure suggested by us in Fig.6 would give much improved
performance as compared to conventional heterojunction solar
cell as shown in Fig.1.
It may be mentioned here that similar structure of a schottky
barrier solar cell has been suggested recently to yield
improved performance [13].

[7]

[8]

[9]

Conclusion
The excess minority carrier distribution in the top and base
regions of a GaAs-Si n/p heterojunction solar cell has been
studied and their contributions to the photocurrent of the
device has been investigated, taking into account the front and
back surface recombination velocities. It is observed from the
results that for smaller values of the recombination velocities
the photocurrent and the spectral response increase. This
implies the important role of back surface field (BSF) in these
structures. Hence a new structure of a heterojunction solar cell
with a BSF has been suggested here to get improved
performance.
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