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ABSTRACT: In this article, we investigate the application of
polythiophene (PT), polythiophene with embedded gold nano-
particles (PT-Au), and polythiophene with embedded palladium
nanoparticles (PT-Pd) via the spin coating technique on the rear
contact of single-crystalline silicon solar cells. Several layers of
coating (up to four layers) were applied, followed by a simple heat
treatment at 70 °C for 30 min. The morphology, particles
distribution in the polymer, and crystal structure of the colloid PT,
PT-Au, and PT-Pd were characterized by transmission electron
microscopy (TEM). Optical characteristics of the polymer and
nanoparticles embedded in the polymers exhibited high absorption
in the near-UV region, and a plasmonic peak at around 580 nm is observed. The calculated energy gap ranged from 2.65 eV (PT-Pd
5%) to 2.9 eV (PT) and 3.05 eV (PT-Au 5%). Scanning electron microscopy (SEM) images of the successive layers show an
increase in the density and thickness of the PT particles with increasing number of coating layers, up to 12 μm for four layers of PT.
Devices were characterized under dark conditions exhibiting variations in the ideality factor and series and shunt resistances with
different coating layers. The silicon solar cells were characterized by measuring quantum efficiency, photoconversion efficiency
(PCE), fill factor, and series and shunt resistances before and after coating. The coating was found to reduce the series resistance and
to increase the efficiency of the cell by up to 7.25% for the PT-Au5% layers.

■ INTRODUCTION

The sunlight at earth’s surface consists of 44% actinic ray, 3%
ultraviolet, and remaining is actinic ray. Since the atmosphere
blocks 77% of the sun’s UV radiation, only infrared radiation
hits earth. Photovoltaic cells absorb high-frequency radiations
like ultraviolet and visual lights and convert them into
electricity, whereas infrared (IR) may be a low-frequency
radiation that is mostly converted to heat or thermal radiation.1

In normal silicon photoelectric cells, IR radiations just
experience the electric cell that converts into heat and hence
affect the efficiency. The use of nanomaterials and nano-
composites for photovoltaic cell applications has several
benefits like reducing manufacturing cost as a result of
employing the same temperature process as printing rather
than the high-temperature vacuum deposition process,
typically used to produce conventional solar cells made with
crystalline semiconductor materials. It may also be coated over
flexible rolls rather than rigid crystalline panels, making it
suitable for roll-to-roll (R2R) production. Nanomaterials have
a larger area-to-volume ratio than the opposite conventional
forms, which improves chemical reactivity and increases the
strength of the materials. Hence, it is cost-effective, durable,

and highly efficient. Silicon is the most dominant commercial
material utilized in the solar cell industry.2 Although Si
accounts for about 90% of the worldwide production of solar
cells, it still suffers from many issues that result in an overall
efficiency reduction.3,4 However, these issues are often
categorized into two main types: optical and electrical losses.
Consequently, many researchers tend to boost the perform-
ance of Si solar cells so as to achieve the utmost possible
efficiency. Transforming the unabsorbed sun radiation photons
energy to photons with energies which will be utilized by the
cell could significantly enhance the efficiency of the photo-
electric cells.5,6 Optical conversion processes are considered to
be the simplest ways to optically enhance the efficiency of Si
solar cells by exploiting the unabsorbed infrared (IR) or
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ultraviolet (UV) solar spectra through optical conversions or
photoluminescence mechanisms.7 Meanwhile, electrical losses
are another source of problems thanks to the metal coverage
shadowing losses, ohmic losses, temperature, and metal−
insulator−semiconductor (MIS) barriers.8 These electrical
issues mainly affect the cell conductivity and electrical I−V
curve including electrical circuit voltage (Voc) and short-circuit
current (Isc), therefore reducing the general power conversion
efficiency (PCE) of the photovoltaic cell. Coating solar cells or
panels with nanostructures have recently been extensively
investigated to boost the efficiency of the cells.9 Intermediate
dielectric layer (IDL) such as TiO2, for improving adhesion
and obtaining larger crystalline silicon to enhance the direct
Si−glass interface, was applied for thin-film silicon solar cells.10

A conducting polymer was used to make polymer solar cells
(PSC).11 Polythiophene (PT) is a widely used donor material
for solution-processed polymer solar cells. Much progress in
PT-based PSCs is often attributed to the planning of novel PTs
exhibiting intense and broad visible absorption with high
charge carrier mobility to extend short-circuit current (Isc),
together with low-lying highest occupied molecular orbital
(HOMO) levels to achieve large open-circuit voltage (Voc)
values.12

The incorporation of metal nanoparticles (NPs) as
plasmonic into thin active layers is considered a successful
strategy for the representation of presenting high efficiency of
both organic solar cells and perovskite solar cells. This
phenomenon rose from the significantly enhanced light
absorption and electrical characteristics in fundamental.13

They demonstrated that plasmonic NPs can be incorporated
easily into either the photoactive or the buffer layers or at
interfaces for the enhancement of the optical absorption due to
localized surface plasmon resonance (LSPR) and the light
scattering effect and the enhancement of the electrical
properties in the exciton dissociation, charge transport, and
collection of the mentioned solar cells, without great change in
the device architecture. Du et al.14 discussed the size effect of
gold nanoparticles for the plasmon-induced charge transfer
mechanism in 30 nm TiO2 systems assembled with gold
nanoparticles of varying diameter. They utilized the femto-
second time-resolved IR-probe technique, and a fast electron
injection (<240 fs) from the gold nanoparticle to TiO2 was
observed. They also explored the charge transfer mechanisms
and the effects of gold particle size on charge recombination

kinetics as well as observed slower charge recombination
dynamics in systems with larger gold particle diameters.
Possible mechanisms including the behavior of hot holes were
discussed, which will consider the study of the plasmon-
induced electron transfer mechanism as a significant tool to
demonstrate the effect of plasmonic NPs in the encasement of
solar cell nanodevices.
High-performance inverted polymer solar cells are demon-

strated by introducing a nanostructured backscattering rear
electrode, with metal nanoparticles (NP) embedded into the
hole extraction layer.15 Plasmonic metallic nanoparticles (NPs)
have recently been identified as a breakthrough for enhancing
the efficiency of organic photovoltaic devices. Different
strategies of incorporating plasmonic NPs for light trapping
into either the active layer or the buffer layer or at various
interfaces within the organic photovoltaic cell architecture
were attributed to the proposed different enhancement
mechanisms.16 Different geometries have been tried, such as
NPs dispersed into the active layer, NPs dispersed into the
hole transport layer (PEDOT:PSS), NPs dispersed between
interfacing layers, NPs combinations, and two-dimensional
(2D) arrays of NPs,17 and several mechanisms have been
suggested, such as charge transport, scattering, exciton
quenching, LSPR + scattering, monomolecular recombination,
strong local near-field, resistance reduction, near-field
plasmonic, and far-field scattering.17

Traditional methods for polymer photovoltaic cell fabrica-
tion utilized solution processing techniques like spin coating,
doctor blade, and inkjet printing. Polymer solar cells were
prepared (polythiophene-sensitized),18 in dye-sensitized solar
cells as a photosensitizer,19 by vacuum thermal evaporation
(VTE) of (P3HT).20 Polymer solar cells have shown potential
to utilize solar power in a very cost-effective way.
Efficient polymer solar cells supported a bulk heterojunction

of (P3HT) and methanofullerene,21 deposited electrochemi-
cally,22 using it as a charge transport material in highly efficient
and stable perovskite solar cells (PSCs),23 and polythiophene-
fullerene-based solar cells.24,25 Fullerene-free polymer solar
cells were also fabricated with polythiophene derivatives.26,27

Lanthanide-doped (LiYF4) upconversion nanoparticles into
TiO2 film were reported developing a polythiophene−TiO2
heterojunction in addition to upconversion nanoparticles.28

Gold/polymer multilayer films exhibiting enhanced con-
ductivity were also investigated. The films exhibited spherical

Figure 1. (a) Flow diagram illustrating the experimental setup for producing PT, PT-Au, and PT-Pd films via spin coating on back contact of
silicon solar cell up to measuring solar cell efficiency. (b) Cross-sectional SEM image of the spin-coated Si solar cell with four PT layers. (c) Silicon
solar cell structure with a possible mechanism of light passage in the entire cell.
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gold nanoparticles (NPs) (around 3 nm diameter) homoge-
neously dispersed into a polymeric matrix. For increased
response time and thiophene/gold precursor ratio, agglom-
erated gold structures in an exceedingly thin layer of
polythiophene were obtained employing a simple and one-
step synthesis of polythiophene/gold nanoparticles (PT/Au)
nanocomposite thin films, through a liquid−liquid (L/L)
interfacial polymerization route,29 functional nanocomposite-
supported electrospun nanofibers coated with gold nano-
particles,30 synthesizing nanoscale polythiophene-gold nano-
particle (AuNP) hybrid systems assembled by the Langmuir−
Blodgett (LB) method,31 and solution processing using gold
nanoparticles and soluble polypyrrole or poly(3,4-ethyl-
enedioxythiophene).32

■ EXPERIMENTAL SECTION
Figure 1 shows a flow diagram illustrating the experimental
setup for producing PT, PT-Au, and PT-Pd, spin coating on
back contact of silicon solar cell up to measuring the solar cell
efficiency. Polythiophene (PT) was prepared as explained in
ref 33. Thiophene (2.4 mmol) was mixed with 50 mL of
chloroform in a reaction vessel. Then, 3.4 mmol of
cetyltrimethyl ammonium bromide (CTAB) surfactant dis-
solved in 30 mL of chloroform was added to the monomer
solution and stirred for 15 min. The molar ratio [monomer]/
[surfactant] was 7:1. Finally, 5.5 mmol of anhydrous FeCl3 was
dissolved in 170 mL of chloroform and added dropwise.
Polymerization was carried out for 24 h at room temperature.
The precipitate of polythiophene was collected by filtration
and washed with chloroform. The PT was further washed with
methanol to remove the residual oxidant. The PT powder was
dried in a vacuum dryer at 50 °C for 24 h. Chlorauric acid
(HAuCl4·3H2O, 50 mL, 0.01 wt %) solution was heated to

boiling while stirring in a 100 mL beaker. Then, a few hundred
microliters (μL) of 1 wt % trisodium citrate dihydrate
(Na3C6H5O7·H2O) solution was quickly added to the auric
solution. The color of the solution changed within several
minutes from yellow to black and then to scarlet purple color,
indicating the reduction process and the formation of Au
nanoparticles. PdCl2 (30 mg) and poly(vinylpyrrolidone)
(PVP, 250 mg) were added to equal 20 mL of distilled
deionized (DDI) water with vigorous stirring for 30 min. The
obtained assorted light orange solution was transferred to a
lined stainless steel Teflon-type autoclave, and the system was
adjusted at 150 °C for 18 h. After that, the Teflon vessel was
cooled to room temperature and the tiny powder was isolated
by repeated centrifugation at 10 000 rpm with repeated
washing with water and ethanol thrice. Finally, the powder
was dispersed in absolute ethanol before applying in PT. Gold
and palladium were ultrasonically dispersed in the PT polymer
using a Biologics, Inc. model 3000MP ultrasonic homogenizer
for 30 min, with two concentrations of gold and palladium, 5
and 10% by weight each. Single-crystalline silicon solar cells of
150 × 150 mm2 were cut into smaller regular pieces of the total
area between 8 to 9 cm2, as shown in Figure 1. Four successive
PT layers were spin-coated on the rear surface of the solar cell
using an APT GmbH Automation spin coater at a rotation
speed of 1000 rpm at a rate of 50 rpm/s for 60 s for every
layer. Heat treatment of all prepared films was done in
Carbolite dryer at 70 °C for 30 min. All solar cells efficiencies
were measured under AM1.5 conditions using a PET Photo
Emission Tech, Inc. SS200ABA solar simulator, before and
after coating, to compare the performances of the cell itself,
and the measured cell temperature ranged from 25 to 27 °C,
but it was the same for each cell. Ten successive measurements
were carried out, and the average one was recorded. High-

Figure 2. Low-resolution TEM, HRTEM, and SAED images for PT, PT-Au, and PT-Pd used for spin coating on the rear contact of silicon solar
cells.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c00761
ACS Omega 2021, 6, 13077−13086

13079

https://pubs.acs.org/doi/10.1021/acsomega.1c00761?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00761?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00761?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00761?fig=fig2&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c00761?rel=cite-as&ref=PDF&jav=VoR


resolution transmission electron microscopy (TEM) (JEOL
JEM-2100F) was used to investigate the morphology of the
nanoparticles distribution in the polymer and to investigate the
crystal structure of PT, PT-Au, and PT-Pd colloids. UV-visible
absorption measurements were done for the colloids to record
their absorbance in the visible, near-UV, and UV regions using
a Spectro UV−vis Double Beam Labomed, Inc. spectropho-
tometer in the range from 0 to 1200 nm. Energy band gap
calculations are done on these measurements to determine the
allowed energy gap transition of these colloids. Scanning
electron microscopy (SEM) measurements were carried out
using a JEOL JSM-6360LA SEM with a scanning voltage of 15
kV for the successive layers of PT spin-coated on the back
contact of the silicon solar cells. External quantum efficiency
(EQE) and responsivity were measured for all of the prepared
solar cells: as received Si, coated with PT, Pt-Au, and coated
with PT-Pd using a monochromator utilizing a PVE300 system
in a Bentham TMc300, with a 300 mm focal length
monochromator, as described in ref 34. Dark I−V measure-

ments were done under the application of a computer-
controlled potentiostat (Metrohm Autolab, model: 87070)
with a scan rate of 10 mV/s for a range between −1 V and +1
V.

■ RESULTS AND DISCUSSION

Transmission electron microscopy (TEM) images of poly-
thiophene (PT), gold embedded in polythiophene (PT-Au),
and palladium embedded in polythiophene (PT-Pd) are shown
in Figure 2. Low-resolution PT shows multilayers of the
polymer decorated with dark points, which may be referred to
residual iron nanoparticles raised from the PT preparation
procedure, as shown in the inset of the PT figure. Selected area
electron diffraction (SAED) pattern shown in the inset of the
PT figure revealed the amorphous nature of the polythiophene
polymer. For gold embedded in polythiophene (PT-Au), the
Au nanoparticles with average diameters of 11−14 nm are well
dispersed in the PT polymers. High-resolution transmission
electron microscopy (HRTEM) of Au showed the fringes of

Figure 3. SEM of spin-coated polythiophene on Al back contact at low magnification (left) and high magnification (right) with one, two, three, and
four layers.
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the gold atoms with a d-spacing of 0.24 nm of the (111) plane.
The SAED pattern shown in the inset of PT-Au confirms the
existence of the (111), (200), (220), and (222) planes of the
polycrystalline nature for the Au nanoparticles.35 For palladium
embedded in polythiophene (PT-Pd), the Pd nanoparticles
with average diameters of 3−5 nm are well dispersed in the PT
polymer matrix. HRTEM of Pd shows the fringes of the
palladium atoms with a d-spacing of 0.2 nm of the (111) plane.
The SAED pattern shown in the inset of PT-Pd confirms the
existence of the (111), (200), and (220) planes of the
polycrystalline nature of the Pd nanoparticles.36,37

Scanning electron microscopy (SEM) images of the spin-
coated polythiophene on the Al back contact at low and high
magnifications with one, two, three, and four layers are shown
in Figure 3. With one layer of PT deposition, low-density
particles of PT appeared and the aluminum microparticles of
the back contact are clearly detected with particles’ average
diameter between 1 and 5 μm. Increasing the number of spin-
coated PT layers results in an increase in the density of the PT
particles with an increase in the coated layers up to four layers
of PT. The cross section of the four layers of PT/Al/Si gives an
average thickness of about 12 μm, as shown in Figure 1c. The
PT particles are compact in morphology and showed a layered
structure, as evidenced from the TEM measurements shown in
Figure 2. The PT layers exhibit good adhesion to the
aluminum substrate.
Figure 4a shows the absorbance measurements of a colloidal

solution of PT, PT-Au 5%, and PT-Pd 5%. The PT and PT-Au
5% samples show similar behavior of a plasmonic peak at a
wavelength of about 580 nm, while the PT-Pd 5% sample has a

lower intensity. For the three samples, there is a sharp increase
in the absorbance starting from 400 to 300 nm. This near-UV
high absorbance seemed to be of high interest to collect the
dissipated UV light from the pn silicon junction for the
improvement of their efficiency.38

The energy band gap (Eg) of PT, PT-Au 5%, and PT-Pd 5%
is calculated from their absorption spectra, as shown in Figure
4b, using eq 139

α υ α υ= −h h E( ) ( )n
o g (1)

where (α) is the absorption coefficient of the materials, (hυ) is
the light frequency, (Eg) is the energy band gap defined in eV,
αo is a constant called band tailing parameter incident photon
energy, and (n) is a parameter depending on the nature of the
semiconductor. PT is known as a direct transition conducting
polymer with semiconducting behavior, so n = (1/2).40

The band gap energies (Eg) are calculated and determined
from the plot of (αhυ)2 vs (hυ). The interception of the
regressed line with hν gives the value of the band gap energy
(Eg). The calculated energy gap values ranged from 2.65 eV

Figure 4. (a) Optical absorption spectra and (b) energy band gap
calculations of PT, PT-Au 5%, and PT-Pd 5%.

Figure 5. I−V Curves for solar cells before and after spin coating of
the back contact with (a) PT, (b) PT-Au, and (c) PT-Pd.
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(PT-Pd 5%) to 2.9 eV (PT) and 3.05 eV (PT-Au 5%). These
moderately high energy gap values coincide with the behavior
of the absorbance given in Figure 4a as well as small
nanoparticles of PT, Au, or Pd shown in Figure 2.
Figure 5 and Table 1 give the measured and calculated solar

cell efficiency values including power values as well as series
and shunt resistances for the spin-coated silicon PV devices
with four layers of PT, PT-Au, and PT-Pd. For good and real
comparison, all of the PV cells were measured before and after
coating under the same measurement conditions (e.g., ambient
temperature and solar cell radiation intensity of AM1.5) and a
silicon reference cell was always used for adjusting the

instrument intensity. The best improvement in efficiency was
detected for the coating of PT-Au 5% with a 7.25% increase in
the PCE, slightly higher than PT-only, which was 7.17%. For
these cells, the most enhanced factor was the reduction of the
series resistance of −19.7% for PT-Au 5% and −10.83% for the
PT-only, as well as the resulting improvement in the fill factor.
This reduction in series resistance significantly enhanced the
values of the fill factor by 5.8% for PT-Au 5 and 5.99% for the
PT. No significant enhancement for the shunt resistance is
detected for all of the fabricated PT, PT-Au, and PT-Pd spin-
coated layers on back contact. The decrease in series resistance
and consequently improving the fill factor and efficiency for
the PT and PT-Au 5% gives the benefit of applying the PT
conducting polymer with or without an Au doping that absorbs
UV light and improving the device series resistance. In
contrast, PT-Pd 5% spin-coated layers increased the series
resistance values by 9.2% and consequently reduced the
photoconversion efficiency by 3.06%, which could be explained
by the absorbance spectra (less plasmonic effect) and the lower

Table 1. Measured Silicon Solar Cells Efficiency Values, Open-Circuit Voltage, Short-Circuit Current Density, Fill Factor,
Series and Shunt Resistances before and after Spin Coating of the Back Contact with Four Layers of PT, PT-Au, and PT-Pd

sample polymer/nanocomposite V∝ (mV) JSC (mA/cm2) FF (%) efficiency (%) Rs (Ω) Rsh (Ω)
1 PT-CTAB before 606.00 40.30 66.73 16.30 3.07 666.60

after 614.60 40.32 70.50 17.47 2.77 666.60
increase % 1.40 0.0004 5.99 7.17 −10.83 0.00

2 PT-CTAB Au 5% before 624.32 39.42 67.14 16.53 3.28 666.60
after 630.60 39.58 71.04 17.73 2.74 666.60
increase % 1.00 0.40 5.80 7.25 −19.70 0.00

3 PT-CTAB Au 10% before 628.90 36.60 70.90 16.30 2.96 666.60
after 632.80 36.09 72.15 16.48 2.89 671.40
increase % 0.62 −1.41 1.76 1.10 −2.42 0.68

Figure 6. Open-circuit voltage, Voc, and short-circuit current density,
Jsc, of solar cells before and after spin coating of the back contact with
PT-Au.

Figure 7. Fill factor (FF) of solar cells before and after spin coating of
the back contact with PT-Au.

Figure 8. Quantum efficiency measurements for solar cells before and
after spin coating of the back contact with (a) PT-Au and (b) PT-Pd.
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energy gap value (2.65 eV), while the higher energy gap of 3.05
eV obtained for PT-Au 5% gave the higher improvement in the
overall efficiency. This may be due to the well-dispersed Au
nanoparticles onto the PT, as evidenced from Figure 2, and
influenced the plasmonic effect, as shown in Figure 4a.
Figure 6 shows the open-circuit voltage, Voc, and short-

circuit current density, Jsc, of solar cells before and after spin

coating of the back contact with PT-Au. An increase in Voc is
noticed after coating for both PT-Au5% and PT-Au5% cells.
Also a slight reduction in Jsc is noticed for the PT-Au10% cell.
Figure 7 shows the fill factor (FF) of solar cells for the same
samples. The FF increased by 5.65% for the PT-coated cell,
5.81% for the PT-Au5% coated cell, and 1.76% for the PT-
Au10% coated cell.
Figure 8a,b shows the measured external quantum

efficiencies of solar cells before and after spin coating of the
back contact with PT-Au and PT-Pd, respectively. PT-Au 5%
displayed superior response to PT-Au 10% in the blue
response (300−900 nm range) due to reduced front surface
recombination, while PT-Au 10% was superior to PT-Au 5%
sample in the red response (900−1100 nm range) due to
reduced rear surface recombination, better absorption at long
wavelengths, and higher diffusion length, with the latter two
inferior to the noncoated sample. The PT-Pd 10% sample
showed a deteriorated performance compared to PT-Pd 5%.
Figure 9a,b shows the measured responsivity measurements for
solar cells before and after spin coating of the back contact
with PT-Au and PT-Pd, respectively.
Figure 10a,b shows the measured dark I−V characteristics

for solar cells before and after spin coating of the back contact
with PT-Au and PT-Pd, respectively. It shows that PT-Au is
superior to PT-Pd and that PT-Pd5% is worse than PT-Pd10%.
Again, it is evident that the PT-Au samples outperform the PT-
Pd ones.

Figure 9. Responsivity measurements for solar cells before and after
spin coating of the back contact with (a) PT-Au and (b) PT-Pd.

Figure 10. Dark I−V measurements for solar cells before and after
spin coating of the back contact with (a) PT-Au and (b) PT-Pd.

Figure 11. Dark I−V measurements in the range between 0 and + 1 V
for solar cells (a) without coating and (b) after spin coating of PT film
on the back contact.
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In Figures 11 and 12, the dark ln I−V measurements in the
range between 0.0 V and + 1 V are shown for solar cells before
and after spin coating of the back contact with PT-Au and PT-
Pd. The solar cell parameters were extracted from these
measurements and are shown in Table 2, and a plot of the
series and shunt resistances of the cells is shown in Figure 13

before and after spin coating of the back contact with PT-Au

and PT-Pd. Increased Au% led to an increase of both series

and shunt resistances. The same trend is observed for the PT-

Pd samples, but PT-Pd5% showed an abnormally high series

resistance, and therefore a much lower spectral response.

■ CONCLUSIONS

This work reports an investigation of using polymer coating on

the back contact of single-crystalline silicon solar cells to

increase the photoconversion efficiency of the solar cell.

Polythiophene (PT), polythiophene embedded with gold

nanoparticles (PT-Au), and polythiophene embedded with

palladium nanoparticles (PT-Pd) were spin-coated on the rear

contact of the PV cell. Preliminary results revealed a reduction

of the series resistance and an increase in the nominal

efficiency by up to 7.25%. Further optimization of the coating

is expected to yield more improvement.

Figure 12. Dark I−V measurements in the range between 0 and + 1 V for solar cells after spin coating of the back contact with (a) PT-Au and (b)
PT-Pd.

Table 2. Parameters of the Sample Dark I−V Curve using One-Diode Model Parameter Extraction

I0 (A) n

sample Vth (V) region 1 region 2 region 3 region 1 region region 3

Si without coating 0.355 3 03 × 10−3 8.29 × 10−6 681 × 10−7 50.4 2 83 0.765
PT 0.35 2.48 × 10−3 3.72 × 10−5 5.03 × 10−6 11.3 3.44 1.11
PT-Au 5% 0.315 3.7 × 10−3 3.36 × 10−5 3.73 × 10−6 10.2 3.24 1.02
PT-Au 10% 0.34 3.52 × 10−3 2.04 × 10−5 1.52 × 10−6 0.131 3.25 0.957
PT-Pd 5% 0.3 3.03 × 10−4 6.79 × 10−6 14.92 0.92
PT-Pd 10% 0.3 4.09 × 10−3 6.77 × 10−5 4.12 × 10−6 0.37 4.7 0.98

Figure 13. Variation of the series and shunt resistances of Si solar cells
before and after the spin coating of the PT-Au and PT-Pd back
contacts.
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