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ABSTRACT: Perimeter recombination takes place in all photovoltaic architectures, its detrimental effect increasing
with the perimeter to area ratio. A new efficient passivation method is introduced here, inspired by the working
principle of MOSFETSs. It consists in a Metal Insulator stack, deposited on top of the Semiconductor structure. As a
transistor, it acts as a switch to prevent the flow of majority carriers towards the defective side walls. Simulation
results show that the detrimental effect of perimeter recombination can be reduced by half in the particular case of a
GaAs solar cell under one sun illumination. Because no chemical treatment is involved, our MIS based passivation
solution can be adapted to various photovoltaic materials as a perspective. A possible additional application will be
devices working under intense illumination, where resistive effects are a limiting factor.
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1 INTRODUCTION

Perimeter recombination is a mechanism occurring in
any photovoltaic technology, its influence increasing
while the cell area is reduced. Microscale solar cells can
be found for various applications, such as concentrated
photovoltaics, laser power converter or distributed energy
harvesters [1]-[3]. The purpose of this communication is
to introduce a new original and efficient passivation
method, that does not use any chemical treatment.
Instead, our strategy is to modulate the conductivity of
the lateral spreading layers. This is done with a Metal
Insulator Semiconductor (MIS) stack, deposited on the
top of the cell, along its perimeter [4]. Its working
principle is inspired from MOSFETSs transistors, as
introduced in the second section.

Although the MIS passivation strategy could be
adapted to different materials, we will focus in this
communication on GaAs solar cells. Firstly, because it is
a widespread material, used in various microscale
application. Secondly because open surfaces of GaAs are
particularly  recombinative [5]. Despite chemical
passivation treatments exist (e.g. [6], [7]), perimeter
recombinations are identified as one of the limiting
factors in various configurations [2], [3], [8]-

2 BASIC PRINCIPLE

The basic principle of the MIS passivation method
can be introduced with the structure in Figure 1. It
consists in a MIS stack deposited on top of the cell, along
its perimeter. Similarly to a MOSFET transistor, applying
a voltage to the gate electrode will generate a depletion
layer in the window and emitter layers of the device. This
has the effect of increasing the resistivity of those lateral
current spreading layers, hence preventing the majority
carrier current flow towards the recombinative surface.

2 SIMULATION RESULTS AND DISCUSSION

The structure presented in Figure 1 has been
simulated with the Sentaurus software. It consists in a
circular solar cell, with a 220 pm radius. Such a cell area
is comparable to microcells considered for various
applications, such as distributed light harvester or CPV
[3], [8]. The area considered for the efficiency
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estimations includes the area covered by the front contact
and the gate electrode, so that shadowing losses are
accounted. The circular geometry is selected for
simulation convenience, but other geometry can be
equally considered. The light generation is obtained with
a monochromatic illumination at 532 nm. The incident
intensity is set at 65.2 mW/cm?, so that the obtained short
circuit is 27.3 mA/cm?, a value comparable to reported
GaAs solar cell performances under 1 sun. The cell
efficiencies given in the following will therefore be
estimated as a ratio of the power delivered by the device
and an incident illumination of 100 mW/cmz2. Only
radiative recombinations are considered in the bulk.
Recombination are introduced at the perimeter of the
device, so that the associated saturation current is 1.5e-12
Alcm, with an ideality factor of 2, consistent with values
reported in the literature [8], [9]. The gate voltage is
given as the voltage difference between the gate electrode
and the front contact electrode.

The simulated J(V) curves are plotted in Figure 2, for
three different cases. Firstly, an ideal case is considered,
with no recombination at the perimeter, resulting Voc =
1.08 V, Jsc = 27.4 mA/cm? and FF= 88.7 %, so that the
efficiency is 26.3 %. This configuration represents the
upper limit of perfect perimeter passivation. In a second
case, the perimeter recombination is introduced, resulting
in a severe Voc reduction to 0.97 V and FF to 81.4 %, the
cell efficiency being reduced by an absolute 4.7 %.
Finally, the gate structure is included, with an applied
gate voltage Vgate = -3 V. Both the Voc and the FF are
partially recovered, respectively to 1.05 V and 87.8 %.
The short circuit current is slightly reduced to 26.1
mA/cmz?, due to an increased shadowing owing to the
gate electrode. Nevertheless, an efficiency improvement
of an absolute 2.4 % is observed, representing roughly
half the losses introduced by the perimeter
recombination.
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Figure 1 Simulated structure with the Sentaurus
software. The cell is circular, with a 220 um radius. The
red dashed boxes schematically represent the depletion
layer generated in the window and the emitter layers by a
voltage applied at the gate electrode. Those depletion
layers prevent lateral currents towards the side walls.
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Figure 2 Simulated J(V) curves for the cell structure in
Figure 1. For (solid line) a sample without the gate
structure, and (dotted line) with a gate structure and Vgate
= -3 V. The dashed line represents a simulation in which
no perimeter recombination is included.
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In order to illustrate the working principle of the
modulated lateral resistivity, the energy band diagrams
are plotted along the depth of the device, at the gate
coordinate, in Figure 3 (a) and (b), respectively for a
sample without and a sample with the gate structure. The
voltage difference between the back and the front contact
is set at 1.15 V, the voltage difference between the gate
electrode and the front electrode is -3 V. In (a), a band
diagram similar to usual solar cells is obtained. In (b) the
voltage applied to the gate electrode bends the bands
upwards, resulting in a depletion of the window and the
emitter layer. This has the effect of increasing the lateral
resistances, preventing the electron current flow towards
the recombinative perimeter.

It should be noted that the space charge region width
at the pn junction is reduced for increasing forward
voltage bias. As a result, the conductivity of the emitter is
increased with increased forward voltage, so that the
enhanced resistivity obtained thanks to the gate structure
becomes less pronounced.
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Figure 3 Band diagram along the depth of the sample, (a)
for a sample without the gate structure, and (b) for a
sample with the gate structure at Vgate = -3 V.

The graphs in Figure 3 also highlight the main
limitation of the MIS passivation strategy. In order to
obtain an efficient resistivity increase in the window /
emitter stack, it is necessary to generate a depletion width
as large as possible. This limits the compatible window /
emitter thickness and doping, i.e. their conductivity.
Under one sun, the thickness and doping combination
presented in Figure 1 is found compatible with negligible
series resistance effect and efficient perimeter passivation
by the MIS structure.

4 PERSPECTIVES

The MIS based passivation method introduced in this
communication does not involve any chemical treatment
of the defective surface itself, as is done in usual
passivation methods. Consequently, this method can be
applied to any solar cell design, as long as a lateral
current spreading layer is included.

An additional original application will be solar cells
under concentration. With increased illumination
intensity, a cell efficiency is increased, until series
resistance losses appear due to large current densities,
reducing the fill factor. An optimum concentration is
obtained as a consequence. The series resistances have
different origins, some of them being related to lateral
currents, such as the emitter and window sheet
resistances, and the metal contact finger resistances. The
impact of those lateral resistances can be drastically
reduced by reducing the cell area [10]-[12]. This strategy
is however limited by perimeter recombinations, which
increase with the perimeter to area ratio, and which we
can precisely reduce with the MIS passivation method
introduced here. Using it on devices operated under
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concentration can help reducing the cell size, increasing
the optimum illumination, thereby increasing their
efficiencies.

5 CONCLUSION

A new perimeter passivation method is introduced in
this study, its basic principle relying on modulating the
window / emitter sheet resistances. This is achieved by
depositing a MIS structure on the top of the cell, with
which a depletion layer can be generated in the top layers
of the cell. This principle is inspired by the working
principle of MOSFETS transistors.

Particularly, a GaAs microcell (220 um diameter) has
been simulated by Sentaurus, under an illumination
comparable to 1 sun. Compared to an ideal case where no
perimeter recombinations are considered, the efficiency
loss introduced by those recombinations is estimated at
an absolute 4.7 %. Thanks to the introduced MIS
passivation structure, this efficiency loss is reduced to
2.3%.

As a perspective, the introduced passivation method
can be considered for other material or cell architectures,
as well as under concentrated illumination.
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