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A B S T R A C T

This article describes the spatial variations of the shunt resistance in a-Si:H, PV cells across the absorber layer
(i-layer). When the a-Si:H PV cell is illuminated through its front layer, photo generated carriers distribute along
the i-layer as a function of the radiation WL and the voltage drop across the PV cell. The generated electric
currents of the electrons and holes are simultaneously determined by solving the equations of the transport,
Poisson, and the continuity as a role of the voltage and the place near the i-layer. In this work, leakage flow
of electrons and holes is calculated through the i-layer to calculate the corresponding two J/V curves of the
two carrier types. Therefore, the shunt resistance associated to each carrier type varies is calculated separately
and will be variable overall the i-layer. This research bring out with the calculation of area dependent shunt
resistance extracted from the location-dependent J/V curves of the carriers is comparable to the conventional
single valued shunt resistance found from the global J/V curve of the PV cell. This proposed work is a novel
idea, which clearly indicates the simple technique to calculate shunt resistance spatial variations of a-Si:H PV
cell. This article also presents the impact of the CM values on the calculated shunt resistance of the PV cells.

1. Introduction

The (a-Si:H) and solar cells have been improved in the last decade
as a result of the progress of the research of their materials and the
design [1,2]. The a-Si:H photovoltaic (PV) cells show lower processing
cost compared to other PV technologies. This can be attributed to their
low deposition temperatures [3,4] which is suitable for flexible plastic
substrates. In addition they possess high absorption coefficient and sta-
bilized efficiency values under high operating temperatures. The main
motivation for the choice of the a-Si:H PV cells are they are highly bend-
able, and comparatively less susceptible to cracks than traditional pan-
els constructed from solid wafers of silicon. The a-Si:H semiconductors
have interesting optoelectronic properties where they tend to behave
like direct band gap semiconductors [5] since they have high absorption
coefficient that can be prescribed by the random nature of the atomic
ordering. Therefore, localized defects show up which lead to charge
leak through the i-layer, which in turn makes the i-layer, which is con-
sidered the active layer. The main parameters that describe the perfor-
mance of PV cells are based on the sc amps (Isc), oc voltage (Voc), factor
of fill (FF), and the overall efficiency (𝜂). The aforementioned parame-
ters decease as the shunt resistance Rsh decreases [6,7], as depicted in

∗ Corresponding author.
E-mail addresses: etier@hu.edu.jo (I. Etier), anas.altarabsheh@adu.ac.ae (A.A. Tarabsheh), nmajaknap@kau.edu.sa (N. Kannan).

Figs. 1 and 2. The J∕V characteristics are clearly affected by the rise in
the parallel leakage amperes (i.e the decease of the parallel resistance)
which reduces mainly the fill factor, open-circuit voltage, and the effi-
ciency. To calculate the effect of the shunt resistance, we introduced
the shunt resistance coefficient of all the affected parameters. Table 1
show the shunt resistance coefficient of the aforementioned parameters
where the main effect is on the fill factor rather than the open-circuit
voltage.

To describe how much the PV cell parameters respond to the change
of the shunt resistance, this paper introduces the shunt resistance coef-
ficients 𝛽Voc, 𝛽FF , 𝛽𝜂 of the oc voltage, factor of fill, and the overall
efficiency, respectively. Table 1 shows the parallel resistance coefficient
of the aforementioned parameters where the main effect is on the fill
factor and consequently on the efficiency rather than the open-circuit
voltage. To describe how much the PV cell parameters respond to the
change of the shunt resistance, this paper introduces the shunt resis-
tance coefficients 𝛽Voc, 𝛽FF , 𝛽𝜂 of the oc voltage, factor of fill, and the
overall efficiency, respectively. Table 1 shows the parallel resistance
coefficient of the aforementioned parameters where the main effect is
on the fill factor and consequently on the efficiency rather than the
open-circuit voltage.
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Fig. 1. Shunt resistance effects.

Fig. 2. Effect of the shunt resistance Rsh on the open-circuit voltage, fill factor,
and the efficiency.

Table 1
Shunt resistance coefficients calculated from Fig. 2.

Shunt resistance Coefficient of Voc:
𝜷Voc=𝜟Voc/𝜟Rsh·1/Voc× 100

0.27%/kΩ.cm2

Shunt resistance Coefficient of FF:
𝜷FF=𝜟FF/𝜟Rsh·1/FF × 100

5.21%/kΩ.cm2

Shunt resistance Coefficient of 𝜼:
𝜷𝜼=𝜟𝜼/𝜟Rsh·1/𝜼 × 100

5.63%/kΩ.cm2

The following J∕V equation of a-Si:H PV cells is used to extract all
the needed electrical parameters of the cell:

J = J0

(
exp

(
V − JRs

nidVt

)
− 1

)
+

(
V − JRs

Rsh

)
− Jph (1)

Where Vt is the voltage of thermal effect, nid is the factor of ideality,
Jph is approximately the short-circuit current-intensity, Rsh is the par-
allel resistance, Rs is the series resistance, and J0 is the peak current
intensity. The shunt resistance is evaluated from the linear fitting of the
current around V = 0 V and finding the slope accordingly. The parallel
leakage amps in a-Si:H PV cells is prescribed by the drift currents and

the minor holes through the i-layer during the fabrication processes.

2. Analysis

The basic AS solar cell has important layers developed as pip or nip
structure. The layers are a narrow to the core of twenty nm and p layers
are of 100 nm which is bigger in size, intrinsic layer is (i) layer and a
very narrow n-type layer. This paper extends the work of our previous
conference paper in where the test a-Si:H PV cell is constructed by the
PECVD at rf = 13.56 MHz on TCO imprinted glass at 180 ◦C. The
optical properties of the cell are measured by the ellipsometry setup.
The p-layer has a wide gap of band and a super conductivity and is
deposited directly on the TCO layer. The wide band gap semiconductor
results in a large built-in potential and enhances the absorption of the i-
layer. The electric field extends to the i-layer, it differentiates the photo-
generated electron-hole couple to be received at the front and back
layers. Fig. 3 indicates the elevation and section of the test a-Si:H solar
cell where the p-layer is collected on the TCO material which has to
have both high transparency and conductivity. The structure of the cell
has the p-i-n order where the sun light enters the p-layer region.

The optical specifications of both the layers are optimized to maxi-
mize the absorption constant 𝛼 in the visible solar spectrum. To absorp-
tion constant 𝛼 is measured by the ultraviolet-to-infrared spectropho-
tometer in the wavelength ranges between 400 nm and 2000 nm. Fig. 4
shows the measured absorption constant 𝛼 for the two the p- and the
i-layers.

3. Discussion and results

This work relies on the differential derivations of the system, used
by the author Tarabsheh, it solves the continuity and Poisson equations
of the electrons and holes simultaneously. Thus, the system comes out
with three solutions for the amps voltage characteristics of all the carri-
ers. In the forward-bias region of the current voltage characteristic, the
shunt resistance Rsh results in unwanted current at low bias voltages,
known as shunt leakage current, while the series resistance Rs limits
the current at higher voltage values. The rise of the parallel leakage
current or the decrease in Rsh decreases the current at the voltage val-
ues less than the voltage Vmat the maximum power, and reduces the fill
factor and the efficiency as shown in Fig. 2. The presence of the series
resistance Rs reduces the generated current of the cell for V ≥ Vm. The
shunt resistances due to the electrons, holes, and the total carriers are
evaluated as Rsh,n = dV

dJn
,Rsh,p =

dV
dJp

, andRsh =
dV
dJ , respectively, by lin-

early fitting the J∕V curves around V = 0. The continuity equations
for the minority carriers in the p-type and the minority carriers in the
n-type, respectively, are be expressed as:

d2n (x, 𝜆)
dx2 + E 𝜇n

Dn

dn (x, 𝜆)
dx

− n (x, 𝜆)
Dn𝜏n

= −
[

ND
Dn𝜏n

e
VbiW
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Dn

]
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dp (x, 𝜆)
dx

− p (x, 𝜆)
Dn𝜏n

= −
[

NA
Dp𝜏p

e
VbiW

Vt (x−W) + G(x, 𝜆)
Dp

]
(3)

and

E𝜇p
dp (x, 𝜆)

dx
− Dp

d2p (x, 𝜆)
dx2 = −n (x, 𝜆) − n0 (x, 𝜆)

𝜏n
+ G (x, 𝜆) (4)

E𝜇n
dn (x, 𝜆)

dx
− Dn

d2n (x, 𝜆)
dx2 = − p (x, 𝜆) − p0 (x, 𝜆)

𝜏p
+ G (x, 𝜆) (5)

Where G (𝜆, x) is the photo-generation rate in the i-layer which is depen-
dent on the incoming solar spectrum Nph (𝜆) and the absorption con-
stant 𝛼, E is the electric voltage inside the layer of i, x is the distance
with reference to the p-layer, 𝜏n is the life of the electron, 𝜏p is the hole
lifetime, 𝜇n is the electron mobility, Dn is the constant of the diffusion
electrons, 𝜇p is the hole mobility, Dp is the constant diffusion of the
holes, NA is the concentration of the acceptor atoms, ND is the assem-
bly of the donor atoms, W is the width of the i-layer, Vbi is the built-in
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Fig. 3. Top (a) and cross-section (b) views of the test solar cell.

Fig. 4. Absorption Constant 𝛼 of the p- and i-Layer as a Function of the Wave-
length 𝜆 of the Solar Spectrum.

potential, and n0 is the heat equilibrium concentration of the electrons.
The solutions for the electron assembly n (x) and the hole assembly
p (x) from the aforementioned derivations are depicted in Fig. 5 which
proves that the distributions of the electrons and holes vary with vary-
ing the wavelength of the solar spectrum. The integration of n (x) and
p (x) with respect to wavelength of the solar spectrum results in the
total carrier concentration as a function of the position in the i-layer.
Fig. 6 depicts the total carrier concentrations in the i-layer of the test
PV cell.

The calculation of the current-densities Jn and Jp is implemented by
solving the diffusion and the drift equations as follows:

Jn (x) = qDn
dn (x)

dx
+ q𝜇nn (x)E (6)

Jp (x) = −qDp
dp (x)

dx
+ q𝜇pp (x)E (7)

The summation Jn and Jp equals the total current-density J. The struc-
ture of the test cell in this work has the p-i-n structure to utilize the high
absorption of the photons in the front (p-) layer as per the Beer’s law,
and to utilize the fact that the mobility-lifetime product for the holes
is less than that of the electrons. Fig. 7 compares the current-density
voltage characteristics of the test cell simulated by MATLAB and the
experimental data. The good matching between the measurement and
the simulation, by applying the fitting parameters as in, validates the
used model.

This paper determines both the hole and the electron current inten-
sity, Jp and Jn, at individual position in the i-layer. Therefore, the par-
allel resistances due to each curve of electrons and the holes, Rsh,n and
Rsh,p. The total parallel resistance Rsh is determined in the same manner
from the total current-density J. An important conclusion from Fig. 8 is
that the current densities are position-dependent in the i-layer leading
to discrepancy of the calculated shunt resistance values of the electrons
and the holes.

The parallel resistance is determined by a linearly fitting the J∕V-
characteristics like V = 0 V. The parallel resistances Rsh,n, Rsh,p, and
Rsh are determined from Fig. 8(c) and (d), and Fig. 7, respectively, and
reflected into Fig. 9 which describes the pattern of each shunt type in
the i-layer. Calculating the shunt resistance from the total current den-
sity curve is comparable to the combination between the shunt resis-
tance due to the electrons and the holes. Fig. 9 shows that the constant
values of Rsh match the equivalent parallel combination Rsh,n∕∕Rsh,p.

This work also correlated the high shunt resistance with the less val-
ues of carriers. The number of the parallel resistances calculated from
the simulations of J/V curves depend strongly on the carrier’ mobility,
which agrees with the work of Wuerfel. Fig. 10 shows that decreas-
ing the carriers’ mobility 𝜇n and𝜇p can reduce the shunt resistance in
the i-layer. This paper also indicates the lessspecifications of the car-
rier mobility’s by the low shunt resistance of the PV cell. The values of
the shunt resistances calculated from the simulated J/V curves depend
strongly on the carriers’ mobility, which agrees with the work of Wuer-
fel. Fig. 10 shows that decreasing the carriers’ mobility 𝜇n and 𝜇p can
reduce the shunt resistance in the i-layer. Fig. 10 shows also the impact
of the hole mobility values is greater than that of the electrons.
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Fig. 5. Photo-Generated Carrier Concentrations of the Holes and the Electrons in the i-Layer of the Test PV Cell at Predefined Applied Voltage of V = 0.53V and
Wavelength Values of 𝜆 = 370 nm,… ,817 nm.

Fig. 6. Carrier concentrations.
Fig. 7. Current-density voltage of the test cell.
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Fig. 8. Electron (a) and Hole (b) Current-Density Curves Versus the Position in the i-Layer, Electron (c) and (d) Hole Current Densities Versus the Voltage Calculated
at Different Positions and Different Positions.

Fig. 9. Variations of shunt resistance.

4. Conclusion

This work studied the spatial dependence of the electron and hole
current-density voltage curves of a-Si:H PV cells in the i-layer. There-
fore, the resulting calculated shunt resistance of each carrier type varies
across the i-layer. This work indicated that the shunt equivalent com-

Fig. 10. Shunt Resistance Rsh as a Function 𝜇n and 𝜇p. The Shunt Resistance is
Enhanced for Higher Mobility Values.

bination of the position-based parallel resistances due to the carriers
equals match very well the parallel resistance of the cell determined
from the total J∕V characteristics. This concludes that the parallel resis-
tances implemented in the designed circuit of solar cells are developed
of twin parallel-connected parallel resistances; due to the holes and due
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to the electrons. At the end, this article showed that improving the
carriers’ mobility’s increases the shunt resistance of the PV cell.his pro-
posed research work can be extended in future with different materials
such as Copper gallium indium diselenide, Cadmium telluride (CdTe)
and Organic photovoltaic cells with different doping level cells. a-Si:H
PV panels are yet use extensively in the market due its productive high
cost.
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surface passivation and laser firing on thin-film silicon solar cells via light-beam
induced current, IEEE Journal of Photovoltaics 10 (5) (2020) 1246–1253.

[4] S.K. Dargar, V.M. Srivastava, Design and analysis of improved performance
amorphous-silicon thin film solar panel, in: 2019 PhotonIcs & Electromagnetics
Research Symposium-Spring (PIERS-Spring), IEEE, 2019, pp. 860–866.

[5] M.A. Leilaeioun, W. Weigand, M. Boccard, J.Y. Zhengshan, K. Fisher, Z.C. Holman,
Contact resistivity of the p-type amorphous silicon hole contact in silicon
heterojunction solar cells, IEEE Journal of Photovoltaics 10 (1) (2019) 54–62.

[6] C. Álvarez-Macías, J.D. Escobar-Carrasquilla, A. Dutt, E. Mon-Pé, L. Gonzé, G.
Santana, Development of optimal nanocrystalline absorption layer for thin film
silicon solar cell applications, Nano 12 (11) (2017) 1–9.

[7] X. Hu, Y. Wang, Y. Jia, J. Hong, T. Chen, J. Xue, Z. Zhu, Resistive effects on the
spatially resolved absolute electroluminescence of thin-film Cu (in, Ga) Se 2 solar
cells studied by a distributed two-diode model, IEEE Access 8 (2020)
112859–112866.

6

http://refhub.elsevier.com/S0026-2692(20)30559-0/sref1
http://refhub.elsevier.com/S0026-2692(20)30559-0/sref2
http://refhub.elsevier.com/S0026-2692(20)30559-0/sref3
http://refhub.elsevier.com/S0026-2692(20)30559-0/sref4
http://refhub.elsevier.com/S0026-2692(20)30559-0/sref5
http://refhub.elsevier.com/S0026-2692(20)30559-0/sref6
http://refhub.elsevier.com/S0026-2692(20)30559-0/sref7

	Shunt resistance spatial variations in amorphous silicon solar cells
	1. Introduction
	2. Analysis
	3. Discussion and results
	4. Conclusion
	CRediT author statement
	Declaration of competing interest
	References


