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Effect of p—n junction parameters on the optimization of contact design
in photovoltaic converters of laser radiation
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It is demonstrated that the magnitude of saturation currents of p—n junctions in photovoltaic converters of laser
radiation has a critical influence on the processes of current spreading between finger contacts and, consequently,
largely determines the choice of the optimum design of the front contact grid. The optimum designs of contact
grids for photovoltaic converters of laser radiation with different band gaps E, are calculated by varying the value
of spreading sheet resistance Rsyrer and width W, of finger contacts.
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It is known that thorough optimization of the front contact
grid of photovoltaic converter (PVC) chips designed to
absorb high power densities of incident radiation is needed
to reach high levels of efficiency of their operation [1-4].
The solution to this optimization problem comes down to
finding a compromise between the values of resistive and
optical losses [2,4,5]. Specifically, an increase in density of
a finger contact grid leads to a reduction in resistive losses,
but increases optical losses due to shading of the absorbing
PVC surface. The issues of optimum design of contact grids
and the main approaches to their optimization are well-
studied [2,6-9]. These approaches rely on calculations of
distributed equivalent circuits with the processes of current
spreading between finger contacts taken into account. The
key factor determining the calculation results is the value
of spreading sheet resistance (Rsyggr). This parameter in
modern concentrator solar cells converting high levels of
incident radiation power assumes values on the order of
5502 - sq~! and may be reduced to 250 Q2 -sq~! [1]. The
impossibility of significant thickening of surface layers of the
emitter and the wide-gap ,,window*“over which the current
spreads imposes a limit on further reduction of Rgyppr
in solar cells. Specifically, since the solar spectrum has
a wide range of wavelengths, thickening of the wide-band
,window* will lead to an increase in absorption of a fraction
of incident radiation in it. The design of PVCs of laser
radiation allows [10-12] for the introduction of an additional
near-surface spreading layer (Fig. 1) with a thickness
of several micrometers that is made of a semiconductor
material transparent to incident radiation. This layer makes
it possible to reduce Rgyrer to 15-509 -sq~! [2,13] or
even lower levels. A number of models and methods for
calculating the main parameters of PVCs as functions of
Rspeer are available [4,7,8,14-16]. Most studies in this
field are focused on the analysis of calculation results and
optimization of contacts of PVCs with varying resistive
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parameters (i.e., parameters of the so-called connection
PVC part [15]: metal contacts and all semiconductor layers
located outside the photoactive p—n junction; see Fig. 1).
The resistance of the connection part may be divided into
lateral resistance (R;), which characterizes the resistance
along the p—n junction, and vertical resistance (Ry ), which
characterizes the resistance in the direction perpendicular
to the p—n junction. The metal contact resistance, the
metal-semiconductor contact resistance, and the resistance
of the substrate and epitaxial layers are included into Ry,
while Ry, includes the lateral resistance of emitter layers, the
wide-gap window, and spreading of current between finger
contacts (Fig. 1). No studies investigating the influence of
parameters of p—n junctions (parameters of the generator
PVC part, which includes the photoactive p—n junction; see
Fig. 1) on the result of optimization of PVC contact grids
have been published to date, while the distributed nature of
the equivalent circuit used to characterize current spreading
indicates clearly that the calculation result is affected by a
change in any circuit parameter (including the parameters
of p—n junctions). In other words, if two PVC samples
are manufactured with the same connection part and p—n
junctions made from different materials, the magnitudes of
voltage drop across the same resistive elements of the PVC
structure will differ due to the distributed nature of current
spreading. Therefore, devices with different p—n junctions
will have distinct optimum designs of the PVC contact grid.
This fact has not yet been discussed in literature.

In the present study, we examine the influence of the p—n
junction parameters on the choice of contact grid design.
The main parameters of the p—n junction of a PVC are its
saturation currents (Jo; and Jo, are the currents with ideality
factors A = 1 and 2, respectively) and the spectral response
(SR) magnitude. Spreading sheet resistance Rsygpgr, finger
contact spacing W, and finger contact width W,, were chosen
as the main parameters specifying the design of contacts.
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Figure 1. Layer-by-layer diagram of a laser radiation PVC
with a schematic illustration of current spreading under the finger
contacts.

Calculations were carried out using the tube model of
current spreading that was developed earlier in [15]. The
model calculates PVC current—voltage curves (CVCs) as
functions of photogenerated current J,, saturation currents
Jo1 and Jgp, and two resistive parameters R; and Ry.
According to the model,

2
w
Ry :RSHEET(E) , (1)

which means that it may be calculated based on the
main specified parameters W and Rgypgr. The vertical
resistance may be neglected, since it is several orders
of magnitude lower than the spreading resistance [15].
The saturation currents were calculated using the current
invariant model [17], which allowed us to determine the
values of Jo; and Joo as functions of band gap E, of
the p—n junction. The PVC photocurrent is normally
determined from the quantum efficiency (QF) spectrum of
the photoresponse, which is a dimensionless quantity that
characterizes the ratio of the number of electron—hole pairs
separated by the photoactive p—n junction to the number of
photons incident on the PVC surface. In the case of PVCs
operating with laser radiation, spectral response SR, which
is a formalization of quantum efficiency in A/W units, is
more convenient. The SR spectrum is derived from the QF
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one in the following way:

SR(2) = L2 QE(2), 2)
he
where 1 is the wavelength, g is the electron charge, 4 is the
Planck constant, and c is the speed of light.

Assuming that the laser radiation photon energy is equal
to E, of the photoactive p—n junction material and QF = 1,
we obtain an expression for the spectral response for the
open surface:

q
SRy = —. 3
0=, (3)
The surface shading coefficient (W,,/W) was then calcu-
lated, and the spectral PVC response was determined after
that: W
SR = SRy——. 4
0w (4)
The photogenerated current was calculated in the following
manner:
Jo =S8R Py, (5)

where P, is the specified incident radiation power.

Thus, one may calculate the PVC CVC specified by the
following four parameters at any incident radiation power
Pine: W, Wy, E,, and Rsyeer. The calculated CVC provides
an opportunity to determine optimum load power P,, and,
consequently, the device efficiency

Eff = Pm/Pinc- (6)

This procedure was used to determine the dependences
of optimum finger contact spacing on the band gap of
the p—n junction for different combinations of W, (this
parameter was varied from 5 to 15um) and Rgpger
(from 10 to 502 -sq~!). In these calculations, gold was
assumed to be the material of finger contacts, and their
height was 2 um.

The calculation results are shown in Fig. 2. The obtained
dependences suggests that the band gap exerts a critical
influence on the choice of the optimum design of the
front PVC contact grid regardless of the thickness of
finger contacts. It is also evident that as the spreading
sheet resistance increases, its influence on the optimum
finger contact spacing grows weaker, and it becomes
difficult to choose the optimum design based on this
parameter.

One important result of calculations was that an increase
in E, of the p—n junction makes it possible to increase
the distance between finger contacts, which is equivalent
to reducing the spreading resistance. This is attributable
to the fact that an increase in E, of the p—n junction
translates into a greater voltage drop across the diodes in
the distributed equivalent circuit; i.e., under the same illu-
mination conditions, the voltage drop across the generator
PVC part is greater, which leads to a more uniform flow
of current across the PVC structure and a suppression of
the voltage drop across the connection PVC part. Thus,
as E, of the p—n junction increases, the series resistance
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Figure 2. Dependences of the optimum finger contact spacing on
the band gap of the p—n junction at different values of spreading
sheet resistance Rguyrrr. Three calculations were performed with
different contact widths: W,, = 5 (a), 10 (b), and 15um (c).

becomes less significant in comparison with the diode
resistance. The CVC of the connection PVC part changes
due to this variation of current distribution. In the region of
currents close to the optimum load current, the spreading
resistance decreases with an increase in E, of the p—n
junction.

Taken into account, this effect may exert a significant
influence on the PVC efficiency, since an increase in E, of
the p—n junction from 1 to 1.6 eV provides an opportunity
to reduce the shading of the front PVC surface by the
contact grid by a factor of more than 2: from 8—9 to 3—4 %
(Fig. 1).

It is also important to note that the resistance of
finger contacts affects significantly the PVC CVC, since
an increase in their width allows for a potentially sig-
nificant increase in distance between them. While the
optimum distance for fingers Sum in width varies, de-
pending on the sheet resistance, from 80 to 150 um, the
same distance for fingers with a width of 15um varies
from 180 to 320um. However, the shading of the front
surface by these fingers remains virtually unchanged in this
case.

Thus, it was demonstrated that the saturation currents
of the p—n junction need to be taken into account when
one calculates the optimum design parameters of the
contact grid of PVCs operating in high-power laser radiation
conversion regimes. The values of saturation currents
may either be estimated based on the band gap of the
p—n junction material (using, e.g., a current invariant) or
determined experimentally by analyzing the device CVCs.
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