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Abstract: In this work the potential of atmospheric agents such as gamma rays and plasma on conventional solar cell
efficiency has been followed. Improving the device performance by depositing a ZnO or SrTiOs layer on the front surface
of both monocrystalline and polycrystalline Si cells has been also achieved. The electrical parameters detected by
measuring the I-V characteristic are discussed. The results were analyzed using modified thermal emission theory to
estimate the barrier height (Bo), ideality factor (n), series and shunt resistances (Rs and Rs/). Gamma irradiation at 1 kGy
increased Voc, Isc, Vimp, and Imp, hence the maximum output power (Pm) and efficiency (1) of both cell types. Concerning
the dense plasma focus (DPF) effect, H2 gas flow was detected to increase the efficiency by 16.5% and 22.5%,
respectively for monocrystalline and polycrystalline cells. The potential effect of the deposition of a thin layer of SrTiO3
(SrTi03/Si) or ZnO (ZnO/Si) led to efficiency improvement of 24% and 23%, respectively for monocrystalline cells. The
effect of light trapping and the reduction of recombination by the front layer on cell performance and the role played by

grain boundaries of polycrystalline cells were discussed.

Keywords: Commercial Si solar cells, Gamma rays, Dense plasma focus, ZnO/Si and SrTiO3/Si multilayers.

1 Introduction

For the last few decades, silicon solar cells acted as a
reasonable solution to heavy energy demands that led to an
increase in the consumption of fossil fuel and the elevation
of pollution levels. However, many demands for
exploration of new material with high-performance
capability are in progress. Perovskites solar cells have been
extensively investigated by researchers [1]. They have been
considered later a better replacement for Si solar cells with
a high chance for commercialization. Solar cell technology
can be divided into two principal groups, crystalline cells
and thin films. In the formers, the molecules are organized
into crystalline grids, and can be divided into
monocrystalline cells having a single-crystal structure and
polycrystalline cells consisting of grids with different
orientations [2]. The conduction mechanisms in these
devices depend on various conditions such as surface
preparation, interfacial layer, doping density and some
electrical parameters like barrier height (Bo), ideality factor
(n), series resistance (Rs) and shunt resistance (Rs),
temperature, applied bias voltage and illumination intensity
[3-7]. Grain boundaries in layered solar cells might also
lead to both advantageous and disadvantageous effects.

Several reports linked improved photovoltaic performance
with the increase in grain size, however other reports
revealed conflicting origins for this improvement [8-10].
Radiation has the ability to modify the characteristics of
materials when irradiated using gamma rays and neutrons
as non-ionizing radiation. Electronic features of a Schottky
diode are also affected by many factors like temperature
[11], humidity [12,13], and radiation [14]. When gamma
radiation passes through a semiconductor device, different
effects including defects such as vacancies, defect clusters,
dislocation loops near the surface and variation of band gap
width take place [15]. Many works have been reported for
the effect of Oz, air and Hz plasma on the PV efficiency
[16-18]. The authors unveiled that Ha plasma passivation of
shallow and deep impurities in crystalline Si has led to
intense interest in this area. Hydrogen plasma treatment is
also found to improve the performance of polycrystalline
and amorphous silicon cells and leads to the improvement
of the Si-SiO> interface [18]. In this work, we
systematically studied the impact of grain boundaries on the
performance of the devices. So, two types of Si solar cells
(monocrystalline and polycrystalline) were examined. The
effect of grain boundaries on the PV characteristics was
achieved experimentally through the calculation of Bo, n,
Rs and Rsh. Measurement of the I-V characteristics and
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determination of Voc, Isc and efficiency under different
conditions were done also. The effect of gamma rays on
cell parameters of both monocrystalline and polycrystalline
Si cells was followed using a ®*Co gamma cell [2000 Ci] as
a gamma-ray source. Also, the DPF was used to generate an
ion beam with a kinetic energy ranging from 400 to 500
keV and a lifetime of about 200 ns. The DPF effect was
followed on both cell types. An additional goal of this work
is to improve the efficiency of the cells under study. So, a
thin layer of ZnO (ZnO/Si) and SrTiO3 (SrTiFeOs/Si) has
been deposited into the front of the Si PV cell as an attempt
to move the solar array towards absorbing longer solar
irradiance for maximum power output.

2 Materials and experimental techniques:

2.1 Solar cell texture:

For the present work eight monocrystalline Si (JS158M5)
solar cells and eight polycrystalline Si (LWP5BB-157)
solar cells, each having dimensions 50*50 mm? were
collected. These cells were fabricated by LIGHTWAY
ENERGY TECHNOLOGY CO., LIMITED. For the
monocrystalline cell, the product features are: Thickness
(Si)=190 + 30 pm. Front: anisotropically texturized surface
and dark silicon nitride (SiN) anti-reflection coatings,
0.7mm silver busbars. Back: local aluminum back surface-
field, 1.8mm (silver / aluminum) discontinues soldering
pads. The polycrystalline cell has a thickness of 200 +£20
um. Front side: 0.7mm wide bus bars, silicon nitride anti-
reflection coating and back side with 1.7mm wide bus bars,
silicon nitride coating. Silicon nitride has been shown to
provide very low surface recombination velocities on p-
type and n-type wafers [19]. The second advantage is the
antireflective properties of the nitride layer which reduce
considerably the light reflection. Low resistance, not
expensive and compatible Al ohmic contacts were welded
on the wafer rear and front by rapid thermal annealing.

2.2 Experimental Techniques:

For the solar cell characterization, the I-V data were
experimentally collected to determine the parameters that
characterize the cell. The I-V measurements were
performed using a KEW 1011 digital multimeters at dark
while the PV parameters measurements were carried out
under direct sunlight illumination. The light intensity was
measured by a digital meter model UT383S. To study the
effect of gamma radiation on the cell -efficiency,
monocrystalline and polycrystalline cells were exposed
each to two different doses. The selected cells were
irradiated using a ®°Co Indian irradiator cell. A %°Co gamma
cell [2000 Ci] was used as the gamma-ray source at room
temperature. The dose rate equaled 2.56 Gy/s, and the
maximum total dose was 10 kGy. The I-V of irradiated
cells was recorded immediately within 4h after removal
from the radiation field. To follow the effect of atmospheric
gases on the solar cell efficiency, the DPF was used to
generate an ion beam with a kinetic energy ranging from

400 to 500 keV and a lifetime of about 200 ns. The DPF
device is a type of plasma accelerator that produces
nanosecond pulses. The cell was placed in the plasma
chamber with nitrogen gas pressure of 2 mbar at 6 cm from
the plasma focus (ion beam source). The number of shots
was 10 and the charging voltage was 12 kV. In order to
improve the Si solar cell efficiency, thin films of ZnO and
SrTiO3 were deposited each as a front layer on the top of
the anti-reflection coating (SiN) of the monocrystalline
and polycrystalline cells. Film deposition was carried out
using electron gun - LEYBOLDHERAEUS coating unit
model COMBITRON CM30 at a pressure of 5x10 Pa and
a rate of 1.5-2.5 nm/s. The deposited thickness was
approximately 150 nm. A SEM model ZEISS EVO 15 was
employed to collect the surface images and a
spectrophotometer ~ model ~ Cary5000  double-beam
spectrophotometer was used to measure the transmittance.

3 Result and discussion:

3.1 Calculation of electrical and PV parameters:

The electrical behavior of a solar cell is represented by the
practical equivalent circuit given in Fig. 1.

series resistance Cument
el
/\/\/\,—.
LG) 2.
RS'!

R
Fig. 1: 1-V diode circuit presentation of a PV cell model
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A set of both mono and polycrystalline Si solar cells were
characterized at room temperature. The forward and reverse
bias current-voltage (I-V) characteristics were carried out at
dark. Fig.2-a, b displays the I-V curves chosen as
representative of the general electrical trend of the contact.
As can be seen, the cells show good rectifying behavior.
The current shows weak voltage dependence in the reverse
bias especially for the monocrystalline cell and an
exponential increase in the forward bias which is the
characteristic properties of good rectifying contacts [20].
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Fig. 2: I-V curves for forward and reverse bias measured at
dark for a) monocrystalline and b) polycrystalline solar
cells

The I-V characterization of the Si photovoltaic cells under
forward bias was performed in order to determine the
parameters that regulate the flow of current across the
junction - contact, namely: n, Bo , Rsh and Rs. The
presence of the series resistance causes the ideality factor
(n) of a diode to take a value greater than unity. In this case,
the relation between current and applied voltage can be
expressed by the modified thermionic emission theory as
[21-23]:

I=Lexp[q(V-IRs)/nkT] [1- exp -q (V- IRs) /kT] (1)

Where V is the applied bias voltage, T is the temperature in
K, k is the Boltzmann constant, and I, is the reverse bias
saturation current.

The value of Jo can be extracted from the straight-line
intercept of In(I)-V plot at zero-bias and is given by:

I, = AA*T? exp (-q Bo / kT) #))

Where A4 is the effective diode area, 4* is the Richardson
constant [24] and B, is the zero-bias apparent barrier height.

Once /o is determined B, can be calculated by rewriting Eq.

(2) as:

Bo = (kT/q) In [AA*T?/ I, ] 3)

In order to calculate the deviation of the experimental I-V
data from the ideal thermionic theory, the value of n was
determined by calculating the slope of the linear portion of
the forward bias region in the In I versus V plot and this can
be expressed as: [21, 22]

n=q/kT[d(V-1Rs)/d (In1)] o

Fig. 3-a, b depicts the semi-logarithmic plot of the forward
and reverse bias I-V curves measured for mono and
polycrystalline cells. As can be seen, each forward bias
semi-logarithmic I-V plot consists of a wide linear range in
the intermediate bias region (0.1 - 0.5 V). However, in the
reverse bias, the current increases slowly then tend to
saturate for both monocrystalline and polycrystalline cells.
The experimental values of Bo and n are respectively 0.61
eV, 0.62 eV and, 2.75, 3.55 for mono and polycrystalline
cells (table 1). Similar, high values of n have been also
reported [25]. The deviation of the ideality of the solar cell
and the high value of n can be attributed to the generation-
recombination current within the space charge region and to
the presence of interface states at metal/semiconductor
interface [26-28], in addition to the image force lowering of
the barrier height [29].
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Fig. 3: Relation between (V) and Ln (I) for forward and
reverse biased a) monocrystalline and b) polycrystalline

© 2024 NSP
Natural Sciences Publishing Cor.


http://www.naturalspublishing.com/Journals.asp

N SS

132

Gh. Al-zaidi et al.: Commercial Si Solar Cell Efficiency...

solar cells.
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3.2 Resistance measurement o ST
Due to the high defect and impurity accumulated at the S 1.
grain boundaries specially in polycrystalline PV cells, the “ B
photo-generated charge carriers will recombine strongly at z LY
the boundaries. The defects result in deep energy levels in | Readd 5
the forbidden band gap and act as recombination centers in z %
any semiconductor material and cause electrical losses. E 500 4 .
There are two types of resistance in the diode unit: the
series resistance (resistance of hole and electron motion) Py !
and the parallel resistance or shunt resistance
(recombination of holes and electrons). It is known that the
shunt resistance is defined as the inverse slope of the I-V -1 .
curve at the 0 V point. However, the light input must be 500 “00 300 200 100 0
constant for the calculation to be consistent with the V(mv)
theoretical model [30]. The practical method to determine
(Rs) and (Rs#) is to plot the structure resistance (Ri) versus
applied bias voltage (V). Ri is determined from the -V o b
characteristics by using Ohm’s law ( Ri = dV/di ). In this -
method, at sufficiently high forward bias voltage the 204 e .
structure resistance approaches to a constant value which is "
equal to the series resistance. Also, at sufficiently high o, MO TR O
reverse bias voltage, the structure resistance reaches a ze T, -
constant value equal to structure shunt resistance [31]. f \
Fig.4-a, b illustrates the plot of Ri versus V for both mono £ N
and polycrystalline solar cells under study. The calculated Z % J
values of Rs and Ry are 11 ohm and 678 ohm, and 12 ohm .
and 74 ohms respectively for monocrystalline and % ‘
polycrystalline cells as given in table 1. In general, the -
small value of Rs and the high value of Ry are a mirror of
PV cell goodness. 30 by . . . . . . .
700 400 00 400 00 200 100 O
Table 1: values of n, Bo, Rs, and Rsh for monocrystalline v (@)
and polycrystalline Si PV cells under study.
Type n Bo Rs Rsn 04 o
(eV) | (ohm) | (ohm) .
Monocrystalline | 2.75 | 0.61 | 11 678 704 \
Polycrystalline | 3.55 | 0.62 | 12| 74 .
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s il T Fig. 4: Plot of the variation of the resistance Ri versus the
0 % 100 150 200 25 M0 3% 40 450 500 5% applied voltage V  for a) monocrystalline and b)
V (m\) polycrystalline solar cells.
- Solar cell efficiency calculation
For a given solar spectrum, the efficiency depends on: the
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semiconductor material, device structure, ambient
conditions, high radiation damage and sun spectrum.
Efficiency alone is not enough; the cost of the cell and the
lifetime are also important.

To calculate the efficiency of a solar cell the following
formula can be used [32]:

n=Pm/Pin %)
Pm = Vmp * Imp

n=[ Voc *Isc * FF ]/ Pin 6)
Where Pin is the input power (the lux intensity in W/m?).

The FF factor is a graphical representation of the
"squareness" of the solar cell characteristic and is expressed
by:

FF=(Imp * Vmp) / (Isc * Vsc) @)
Tables 2-5 give the calculated values.
3. 3 Effect of gamma rays

According to Lambert-Beer law, a collimated mono-
energetic gamma ray beam attenuates in matter according
to [33]:

[=loe™ 3

Where |o is the gamma ray initial intensity, | is its intensity
following attenuation through a sample of thickness ¢
(cm), and p (cm™) is the material linear attenuation
coefficient. The effect of gamma ray absorption has been
revealed through the I-V measurements. Fig.5-a,b
illustrates the photovoltaic I-V curves for a mono and a
polycrystalline Si solar cell before and after exposure to
two different doses.

Radiation has the ability to modify the characteristics of
materials when irradiated using gamma rays and neutrons.

As shown in table2, gamma irradiation at 1kGy results in
an increase of Voc and Isc which in turn results in an
improvement of the maximum power and the efficiency for
both types of cells. However, this improvement is more
pronounced for the mono cell, n is nearly increased by
more than 40% upon exposure to 1kGy dose. On the other
hand, exposure to 10kGy has lower effect; even both cells
become crispy after irradiation. As reported, electronic
features of a Schottky diode described as its barrier height,
ideality factor and series resistance parameters are affected
by gamma rays [34-36]. Actually, different effects
including defects such as wvacancies, defect clusters,
dislocation loops near the surface and variation of band
gaps width take place [37].
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Table 2: Vo, Isc ad efficiency for monocrystalline and
polycrystalline solar cells before and after different doses of
radiation.

Voc Isc o
Cell (mV) (mA) n% _—
Mono. at 0 Gy 459 18.3 16.7 | 50
Mono. at 1k Gy | 518 33.6 24.0 | 59
Mono. at 10k Gy | 507 28.4 22.1 |52
Poly. at 0 Gy 463 15.5 14.9 | 48
Poly. at 1k Gy 500 35.7 19.8 | 51
Poly. at 10k Gy | 478 204 18.0 | 50

3. 4 Effect of plasma exposure

The effect of plasma exposure on the texture and the
surface morphology of the cells have been followed using
the SEM. Fig. 6-a,b gives, as an example, the SEM image
for the polycrystalline Si solar cell before and after
exposure. As shown, the surface image of the unexposed
polycrystalline Si cell does not show any landmarks.
Exposure to plasma seems however to create some sort of
surface texture with the formation of aligned grains.

EMT 25004V SgeelA s SE1
WO P 0 mm  Phcis N + 3008

Mage 130KX  gTe 23000V

B0 * 930 -

O 7 2w 2023 |
Tome 112020 |

Sgrel A SE T
ok Ne = 3807

Fig. 6: SEM for polycrystalline Si solar cell a) before and
b) after DPF.

To investigate the effect of plasma on the solar cell
efficiency, measurements of the I-V curves have been
carried out before and after plasma exposure. Fig.7-a, b
shows the I-V plots while table 3 gives the calculated
photovoltaic parameters for mono and polycrystalline Si
cells before and after plasma exposure. It is clear that
exposing the cell surface to plasma does not cause any
damage but, in the contrary, it improves its efficiency by
16.5 % and 22 % respectively for monocrystalline and
polycrystalline cells. Hydrogen is able to migrate in c-Si
and to bond to both shallow and deep level impurities,
passivating their electrical activity [38]. The effect of
Hydrogen on polycrystalline or damaged Si was reported
[39]. The authors predicted that hydrogen plasma treatment
leads to an improvement in the performance of solar cells
with grain boundaries and inter-grain defects that become
electrically inactive. Seager et al. [40] concluded that the
improvement results from removal of the inter-grain
trapping states, while Ammor et. al. [41] declared that the
interfacial recombination velocity at grain boundaries
decreases causing the effective diffusion length to increase
after hydrogenation.
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Table 3: Vo, Isc anda efficiency for monocrystalline and

V(volt)

0

[-V plot for a) monocrystalline and b)
polycrystalline Si solar cell before and after DPF.

olycrystalline solar cells before and after DPF exposure.

Cell Voc (mV) | Isc (mA) | n"% FF%
Mono. before | 497 33.7 20.6 | 55

4.0
Mono. after 500 441 24.0 28. 62
Poly. before | 470 28.7 18.2 | 50
Poly. after 480 39.7 223 | 54

3. 5 Effect of thin film deposition

The photovoltaic performance of a Si solar cell can be
improved by depositing a surface layer at the top of the cell.
In such a case, this layer can be used as an absorber and a
carrier transporter simultaneously. Materials with wide
optical band gaps are usually chosen. This improves both
the light absorption and the charge transport while
considerably diminishes charge carrier recombination at the
cell surface. Zinc oxide as one of the groups II-VI binary
semiconductors characterized by wide and direct bandgap,
high electron mobility and thermal stability has been used
in different photo-electronic applications [42, 43]. ZnO is
more selected for energy applications as it is
environmentally friendly and cost-effective. It is used as the
active layer in p-n or n-n hetero-junction and also as
antireflection coating in hetero-junction solar cells [44,45].
It can also be coupled with smaller energy gap
semiconductors such as Si and GaAs to extend their light
absorption to the visible region. On the other hand, recent
research focused also on the development of perovskite
solar cells as their efficiency has significantly jumped from
3.8% to 20.7% in less than ten years [46]. Perovskite is a
class of compounds with the general formula ABX3, where
A and B are cations with different sizes, and X is an anion.
SrTiOs is an n-type semiconductor with cubic perovskite
structure [47, 48]. They are metal oxides with peculiar
charge ordering that leads to their multifunctional and
diversified applications such as in solar cells [49]. So, ZnO
and SrTiOs have been chosen through the present work as

an active layer for Si based solar cell.

To measure the optical band gap width of the deposited
ZnO and SrTiO; layers, a glass substrate was placed near
the Si cell inside the electron beam gun unit during each
run. Fig.8-a presents the optical transmittance spectra of
ZnO and SrTiOs thin films measured at room temperature.
Clearly, ZnO is more transparent. The optical band gap
(Eg) of the films deposited on glass was calculated using
the formula [50]:

ahv = B (h-Eg)" )

where B is the edge width parameter related to the degree
of randomness of the network, a is the absorption
coefficient and m determines the nature of the transition. m
= 1/2 or 2 for allowed direct or allowed indirect transitions
respectively. It is well known that ZnO has an allowed
direct band gap, so m = 1/2 has been manipulated for band
gap calculation. The plot of (ahv)* versus Ao is given in
Fig. 8-b. The optical band gap width is determined by
extrapolating the linear portion of the curve to the x axis at
ahv = 0. The determined values of Eg are respectively
3.03¢V and 3.52 eV for ZnO and SrTiOs. Such values
qualify these films to act as a window for collecting more
solar radiation. Other workers published similar values of
Eg[51,52].
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Fig 8: (a) The transmittance spectra of the deposited ZnO
and SrTiOs thin films; (b) The optical band gap (Eg) of the
deposited ZnO and SrTiOs thin layers.

3.5.1 I-V characteristic for ZnO/Si solar cell:

To image the surface morphology changes after ZnO
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deposition, the SEM was employed. As mentioned above,
the image of the uncovered polycrystalline Si cell does not
have any definite landmarks (Fig. 9-a) while the image of
the uncovered monocrystalline surface appears smoother
(Fig.10-a) without indication of grains.

Date: 3 Sept 2023
WO = 9.28 mm 1

Sa
= 1S0KX EHT=2500AV  Signel A= SE1

Fig 9: SEM of polycrystalline solar cell a) before and b)
after ZnO deposition

Date: 17 Jul 2023
Time: 11:33:18

EHT=2500kV  Signal A=SE1

WD=845mm Photo No. = 6121

L Mogr 1XKX

ENTe 25000
WO 2

SgrelAe 38t Oww 7 St 2

Fig. 10: SEM of monocrystalline solar cell a) before and
b)) after ZnO deposition

The deposited layer of ZnO at the front surface of the two
types of cells has been imaged. The SEM of ZnO/poly-Si
shows dense distribution of semi-spherical grains as shown
in Fig.9-b while that of ZnO/mono Si gives an image of
dense distribution of rod-like particles arranged in different
orientations (Fig.10-b). The photovoltaic -V curves
measured for monocrystalline and polycrystalline ZnO/Si in
comparison with Si solar cells are displayed in Fig. 11 and
12, while table 4 gives the calculated parameters. It is clear
that for both types a great increase in the efficiency takes
place especially for the ZnO/mono-Si solar cell where an
increase by about 50% occurred.

Following the work of OJO and Dharmadasa [53], a
schematic representation of the graded bandgap structure of
the multilayer monocrystalline Si solar cell under study is
drawn and illustrated in Fig. 13. ZnO as an n-type intrinsic
semiconductor ( Eg =~ 3.03 eV ), apart from being a window
and absorber front layer it acts as a hole back diffusion
barrier (hbdb) layer [53-57]. It minimizes the
recombination of photo-generated holes, push them back to
the Al back contact. SiN as a second layer ( Eg =2.73 eV )
is reported as a good charge storage material that improve
the performance of multi-crystalline solar cells (19).
Improving the photovoltaic performance of the Si solar cell
is therefore expected by ZnO deposition. The moderate
increase in the efficiency of the ZnO /Poly-Si (14.5%) can
be attributed to the fact that polycrystalline structure is
characterized by grain boundaries, so electrons suffer many
trapping/detrapping actions while traversing the junction
[58,59]. This slows down the electron transfer, so lower
improvement takes place for polycrystalline cells as shown
in table 4.
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Fig. 11: Plot of I-V for monocrystalline solar cell before

and after ZnO deposition
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Fig. 12: Plot of I-V for polycrystalline solar cell before and
after ZnO deposition

Table 4: Vo, Isc and efficiency for monocrystalline and
polycrystalline solar cells before and after evaporation of
ZnQO.

diagram of the multilayer monocrystalline Si solar cell
under study.

3.5.2 1-V characteristic for SrTiO3/Si solar cell

The texture and the morphology of the SrTiOs/Si surface
have been imaged by SEM. The image reveals a regular
distribution of pyramid-shaped perovskite particles
covering the surface of the SrTiO; /mono-Si. On the other
hand, the SrTiOs/poly-Si shows coverage of perovskite
layer consisting of non-uniform distribution of nano-rods
interspersed with pores as displayed in Fig. 14-a, b and 15-
a, b.The I-V curves for monocrystalline and polycrystalline
solar cells before and after evaporation of SrTiO; are
shown in Fig.16 and 17. As shown in table 5, the efficiency
increases respectively by 24 % and 26 % for
monocrystalline and polycrystalline SrTiOs/Si  cells.
SrTiO3 is a metal oxide with peculiar charge ordering that
leads to its use as a preferred material for manufacturing
solar cells [60].

It exhibits a ferroelectric nature which is responsible for a
suitable behavior at the above band gap voltage. This PV
effect appears at the ferroelectric domain boundaries by the
separation of charges to generate a photocurrent [61].

Furthermore, the presence of perovskite as a passivation
front layer is reported to improve the photovoltaic behavior
of the solar cell by preventing the surface recombination of
minority carriers (holes), due to the creation of positive
electric field at the perovskite/silicon interface [62].

Voc Isc o FF%
Cell (mV) (mA) n%
Mono.before | 487 334 20.0 | 60
Mono.after 509 44.0 24.6 | 68
Poly.before | 521 27.5 18.6 | 51
Poly. after 520 37.3 21.3 | 56
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Fig. 13: A schematic representation of the graded band gap
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Fig. 14: SEM of monorystalline solar cell a) before and b)
after SrTiO3 deposition
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Fig. 16: I-V plot of monocrystalline solar cell before and
after SrTiOs deposition
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Fig. 17: I-V plot of polycrystalline solar cell before and
after SrTiOs deposition

Table 5: Vo, s and efficiency for monocrystalline and
polycrystalline solar cells before and after evaporation of
SrTiOs

Voc Isc o FF%
Cell (mV) (mA) n%
Mono.before | 456 20.1 164 | 52
Mono. after | 495 32.2 204 | 58
Poly. before | 455 18.3 153 |50
Poly. after 480 28.5 19.5 | 54
Conclusion:

This work aimed to study the effect of surrounding
atmosphere namely gamma rays and H2 plasma on the
efficiency of solar cells. Improvement of the device
performance has been also followed by depositing a ZnO or
SrTiOs layer at the cell front surface. So, some commercial
monocrystalline and polycrystalline Si solar cells were
collected. The work started by measuring the current—
voltage (I-V) characteristic. The results were analyzed
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using the conventional thermionic emission theory to
estimate the barrier height, ideality factor, series and shunt
resistances. An increase of the efficiency for both cell
types was detected using two different doses (1kGy and 10
kGy) of gamma rays. To follow the impact of atmospheric
gases (H2) on the solar cell efficiency, the dense plasma
focus was used. The SEM was employed to image the cell
surface before and after front layer deposition. A pyramid-
like texture of the SrTiO3/mono-Si and a rod-like texture of
the ZnO/mono-Si surfaces were formed. For both cells, an
efficiency improvement resulted. it was found that the
formation of the hierarchical texture of SrTiO3/mono-Si
and the rod-like texture of ZnO/mono-Si surfaces improve
the photoelectric response as they act as electron carrier
materials that extract and transfer image-generating
electrons.
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