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Abstract—In this paper, GaAs and Ge solar cells have been
studied and simulated separately and the inner characteristics of
each have been calculated including the energy band structure,
the internal field, carrier density distribution in the equilibrium
condition (dark condition) and the voltage-current curve in the
sun exposure with the output power of each one. Finally, the
output power of these two mechanically stacked cells is achieved.
Drift-diffusion model have been used for simulation that solved
with numerically method and Gummel algorithm. In this
simulation, the final cells exposed to sun light in a standard AM
1.5 G conditions and temperatures are 300° K. The efficiency of
the proposed structure is 9.47%. The analytical results are
compared with results of numerical ssimulations and the accuracy
of the method used is shown.
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l. INTRODUCTION

Photovoltaic (PV) cells convert solar energy to electrical
energy and thus they represent an important aspect of clean
energy. Since the power of solar cells energy conversion
efficiency using single junction is limited, the multi-junction
structure is mostly used. I11-V Multi-junction solar cells have
achieved the highest efficiencies of any present photovoltaic
technology [1-2]. These classes of photovoltaic cells are often
grown directly on a single substrate, and connected in series by
tunnel diodes. Despite the advantages of this type of solar cells,
they still have problems such as the requirements of current
matching, lattice matching and use of tunnel junctions. It seems
that a mechanica stack structure is a solution for these
problems. Therefore, in this article mechanically stacked multi-
junction solar cells are considered. The sub-junctions in a
mechanical stack are fabricated separately on their individual
substrates and then are combined into one single mechanically
stacked multi-junction device (mostly by using a transparent
adhesive) [3-5]. This cell could obtain 38.5% under x20
radiation [6]. As mentioned in [7], the optimum structure for
these cells (by two separated cells) consists of supernatant cell
with energy gap 1.4 €V and a cell with energy gap 0.7 eV so
the supernatant cell made of GaAs and the underlying cell
made of Ge have been selected.
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II.  DIFFUSION-DRIFT MODEL AND NUMERICAL SOLUTION

There are various models which can be used. Considering
to the discussed cell’s dimensions and the amount of its layers
inject, the diffusion-drift model has been selected. This model
consists of three main [8]:
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In the above equations, (1), (2), (3) are Poisson's equation,
Electron continuity equation, Holes Continuity equation as
respectively and relations (4) and (5) as electron flow equation
and holes flow equation. In these relations ¢ is the throughput
coefficient semiconductor, p the space charge density, V' the
electrical potentia, n, p are eectrons and holes density, ¢ the
electron charge, J, and J, the hole and electron density, u, and
u, the electron and hole mobility coefficient, £ the electric field
and D, and D, carries the diffusion coefficient. In this paper,
three variables (V, n, p) are selected as independent variables,
the equations are accordingly adjusted and solved by a
numerical method, as described below.

A.  Gummel method

One of the common methods for solving the diffusion-drift
equations is the Gummel method [9]. In this agorithm, first
Poisson’s equation is solved by considering the primary
conditions and a distribution for carries in piece length is
obtained, and then continuity equations are obtained by this
distribution, solved and result to a new value for potential
distribution in the piece. This process continues until the
intended accuracy is reached.
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B.  Discretizing the equations

For discretization diffusion-drift equations have been used
from finite difference method [10]. But in discretization the
equations related to semi-conductive simulation it should be
considered to one point. Discretization steps should not be
larger than a certain limit, otherwise the numerical iterative
method isto be divergent and the simulation is not valid. Along
with, there are three conditions:

e the
steps(Ar<L,)=

limitation related to location

sk” )

o thelimitation related to time steps (Ar <¢,.) -
quN

o the limitation in voltage steps applied to the intended
piece(AV <V) K

In above relations, Ar, AV and At are discretization steps of
local, time, and applied voltage to piece as respectively. Also
K3 is the Boltzmann constant, 7' the environment temperature,
N the density of carriers mold, z,. the semi-conductive rest time
and 7 its heat potential. In addition to the expressed issues, it is
necessary to say that since the equations are solved numerically
with replication methods (Gummel method), these equations
should be written in a way to be suitable for iterative
algorithms. Hence, in addition to discretization, it should be
rewritten appropriately. So we rewrite one by one the relations
to diffusion-drift equations for one-dimension mode. In order
to rewrite Poisson's equation, first we discretize the equation
(2) and replace the relation p=p-n+NN, (N; and N, are donor
and acceptor impurity densities as respectively) in it in order to
write the equation in terms of independent variables. Then we
replace V,..,.=V,,+AV in obtained equation to give afina form
for Poisson's equation (6 and 7). This frame can be used in the
iterative algorithm.
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where A, is the loca step in one-dimension and i is the
discrete points number along with this dimension. For solving
(9), the LU placement method is used (10). However, it has
been stated that using (7) and (8) depends the simulation to the
discretization step length [11] and if the voltage difference
between two subsequently points is higher than 2V, into the
piece, the simulation will diverge. Hence, the Gumme-
Scharfetter flow relation ( (9) for electrons) isused [12].
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Where Un; and Gn; are the recombination rate and the rate
of electrons production respectively. Similarity, the same
process is used for holes.

IIl. PROPOSED SOLAR CELL STRUCTURE

As mentioned in the introduction part, as it is necessary to
be the higher cell energy gap as equa Y4 eV (3), semi-
conductive GaAs to Eg=1.41 eV is the best option. The
structure of this cell is provided in Figure 1a. The shown cell
in Figure lais a one-link pn cell that has used the areas with
high injection in order to reduce the ohmic effect of contacts.
The top surface of the cell is covered by an anti-reflex covering
layer to minimize the reflection losses. The thickness of the
desired cell is 14um that is enough for our aim [3]. The
underlying cell should have an energy gap of 0.7 eV and
semiconductors as InGaAsm, GaSb, and Ge are the best
options for this purpose with energy gaps of 0.67 eV, 0.72 eV,
and 0.75 eV respectively. In this paper, Ge has been used for
the underlying cell. The structure of this cell is shown in Figure
1b.
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Cell structure in simulation: (a) upper cell (GaAs) (b) underlying cell (Ge)
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IV. NUMERICAL SIMULATION

The numerical simulations are performed in MATLAB
2010a[13-14]. It is assumed that each absorbed photon provide
an electron-hole pairs. Each of the sub-cellsis ssimulated in two
states (in balance state (dark) and in light radiation state). Final
results are shown in Figure 2. Comparison of analytic and
simulation data is shown in Table I. It should be noted that if
we connect sub-cells in mechanical layout as parallel to have a
separated charge, maximum final cell power is equal to the sum
of powers maximum of each cells [3]. According to the
simulation, the output maximum power of the GaAsis equal to
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0.635 mW/cm? and of the Ge cell to 0.635 mW/cm?. Hence the
efficiency of changing the GaAs/Ge cdll with this mechanical

layout is 9.47%.

TABLEI. COMPARISON OF ANALYTIC AND SIMULATION DATA
Variable Simulation results Analytic results
|sc(caag) 7.543 mA 7.666 mA
Voccaas 0.9501 V 0.9505 V
[ 9.192 mA 9.343 mA
Voc(ce 0.1300 V 0.1304

Coneentration(cm 3
2z “

B
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(b)

|-o-Ga
|- Gans

—e-Gaas
-Ge

Current density{Arcm

Fig. 2.

Simulation results: )a) conduction band diagram (b) electrical field variations (c) carrier concentration (d) density of electric charge in balance state

(dark) () I-V characteristicsin light radiation state

V. CONCLUSION

In this article, a GaAg/Ge solar cell by mechanical layout
was simulated in two states, dark and light radiation, with
standard conditions AM1.5 G at 300° k temperature. For this
work we used the diffusion-drift equations that were solved,
using numerical methods, in MATLAB. The simulated results
are shown and discussed and their values are compared to those
from analytical computations.
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