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Abstract: Zinc Oxide is a prominent candidate to be used a window layer in Si based solar cell. In this
study, Fabricated solar cell parameters with different substrate temperatures (400,450,500 °C) of Si/ZnO
have been prepared by chemical vapor deposition method to find out the higher conversion. Moreover, it
is found that I, Vo and m are increased for the substrate temperature increase at 500°C. The best
efficiency value calculated was 9.47% at substrate temperature 500°C. Experimentally the electrical
properties measured also p, ¢ and @y, as Si substrate temperature increased until 500°C, the electrical
resistivity of Si/ZnO solar cell was (0.231 ohm.m) at 400 °C and it is increased as Si substrate temp.
increase, which leads to the decrease of conductivity.
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Introduction:

Zinc oxide have been received
wide attention because it was owning a
direct band-gap [1-4]. It has used in the
applications such as laser devices and
light emitting devices [5,6]. In these
fields the practical applications depend
on the fabrication of p-n junctions
homostructural ZnO. Moreover, for the
electrical conduction it have been made
good p-n junction with the absorber layer
(p-type) and to allow the transmission of
photons in these layer to generate
electron-hole pair [7].

Several methods were used to
synthesize ZnO films namely: Spray
pyrolysis [8], CO-precipitation method
[9], chemical bath deposition technique
[10], evaporation method [11] and spray
pyrolysis [12]. Among of these different
techniques, CVD has the advantages such
as easy to use, safe, low cost and can be
used in a standard laboratory.

In this work we did a fabrication
experimentally prepared using CVD
method on Si/ZnO thin film solar cell.
The aim of this paper is to find out the
best electrical performances of Si/ZnO
solar cells. The effect of different

substrate temperatures of Si have been
investigated for the Si/ZnO thin film
solar cells.

Experimental:

Si/ZnO thin film solar cell was
deposited on the cleaned glass substrate
by CVD technique with different
substrate temperatures (400,450,500 °C)
at 20 minute. Zinc acetate
(Zn(CH3C00),.2H,0) with high purity
(99.9%) was used as a source in the CVD
method.

First the glass substrates were
rinsed in ethanol for 5 minute. Then they
were rinsed in distilled water and dried in
acetone just before they were loaded into
the deposition system.

The preparation process is included
by depositing Al layer (back contact) on
glass substrate and followed by
depositing p-type Si layer on the
substrate with chemical vapor deposition
(CVD) method, the window layer zinc
oxide ZnO is deposited on Si layer with
thickness (1um) also by CVD. Schematic
structure of the solar cell given in Fig 1.

The electronic temperature controller
was used to controlee for the substrate
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temperature. Air flow was 0.5 L/min.
Deposition time was kept constant at (10

NN

minutes) for samples.

n-ZnO

Al

Glass

Fig. 1: Schematic structure of Si solar cell with ZnO window layer

Electrical measuring done of the
sample at illumination then with 100
mw/cm? on input power 100 walt.

We demonstrated the effect of
different substrate temperatures
(400,450,500 °C) on the parameters of
thin film solar cell such as short circuit
current (ls.), open circuit voltage (Vo.),
fill factor and conversion efficiency (n).

Results and Discussions:

The forward and reverse bias
current —voltage characteristics for
Si/ZnO solar cell at substrate temps.
(400, 450, 500 °C) are shown in Fig.2
and the measurements are shown in
Tablel.
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Fig.2: 1.V characteristic of Si/ZnO solar cell at (400,450,500 °C) in the dark.

Table 1. Fabricated solar cell of Si/ZnO at (400, 450,500 °C) at reverse bias in dark.

ronorc | KON pam [ oam | 20 | G
400 -1.875 3.349 0.298 0.749 | 7.208 | 0.079
450 -1.25 5.024 0.199 0.867 | 5.332 | 0.089
500 -0.625 10.048 0.099 1.003 | 3.729 | 0.099

The ideality factor (n) is determined from eq. (1) [13].

qV
NV ) = —— e
O = na 71 (1)
Where q is electron charge (C), K It is found the shown the n

Boltezman's constant (J/K), T room
temperature (K) and n(V) ideality factor
in term voltage.

depended to the Si/ZnO structured solar
cell and which affected by changed
substrate temperature. The ideal factor
was be decreased from 7.208 to 3.729 in
the solar cell which prepared by CVD at
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400 to 500°C respectively, that mean the

increasing substrate temperature as

ideal factor have minimum value with shown in Fig (3).
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Fig.(3): The ideality factor verses of the substrate temperatures.

We noted that the saturation
reverse current (Js) decreased for the
increasing substrate temperature and
have small value at 500°C substrate

a  J.

temperature and this lead to the barrier
height have maximum value at this point.
Barrier height is calculated by eq.(2)
[14].

A* : Richardson constant which equal (32 A.cm 2 K™?) for p-Si [15].

The increasing of barrier height is
also due to the inter face between ZnO
(n-type) layer and Si substrate, which
makes the defect in the interface and

caused to decrease the saturation current,
and this lead to the increasing of barrier
height of Si/ZnO solar cell shown in

Fig.(4).
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Fig.(4): Variation of the barrier height as a function of substrate temperatures.

The electrical resistivity of the
samples have been conducted by using a
standard four-point probe method. It is
determined by connecting the current in
to the outer pair of probes and

It is clear that the resistivity of
Si/ZnO solar cell has the maximum
resistivity of (10.048 Q.cm) at 500°C
substrate temperature in comparison with
the resistivity of the solar cell (3.349 and
5.024 Q.cm) at 400 and 450°C substrate
temperatures respectively. This means

determining the voltage between the
inner pair of probes with a distance (s =2
mm), by using the equation [16] and the
electrical results are shown in table 1.

the resistivity of the solar cell was
drastically increased despite that the
substrate temperatures is increased and
this shown in Fig.(5), which leads to the
decrease the electrical conductivity (o) of
the Si/ZnO solar cell with increasing
substrate temperatures.

-3172-



Journal of Basic Education College, Vol. (15) , No. (4), 2019

12 -

10 -

Resistivity (€2.m)
(<))

0 T

350

400 C)

450 500

Fig.(5): Variation of the resistivity as a function of substrate temperatures.

The bandgap energy E4 which is calculated by using eq.(4) [17].

10

logl, =constant —5.036—xE ------
T

The value of bandgap energy was
found to increase from 0.079 eV to 0.099
eV with corresponding increase in the
substrate temperature of the Si/ZnO solar

cell at 400 to 500°C respectively, that
mean the bandgap energy have maximum
value  with  increasing  substrate
temperature as shown in Figure (6).
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Fig.(6):Energy and gap as a function of substrate temperatures.

Table 2. Fabricated solar cell parameters with different substrate temperatures
(400, 450,500 °C) of Si/ZnO under illumination.

Temp./'C | lmax.x10™ (Am) 2\//”(;;‘:) lcx10™ (Am) (\Z‘ﬁ) FF% | n%
400 9.5 61 11 74 68.41 | 5.56
450 10.5 70 13 92 61.45 | 7.34
500 12 79 15 120 52.66 | 9.47
12
10j
81
e
4l
5
0 ‘ T ‘ ‘ T ‘ ‘ ‘
0 10 20 30 40 50 60 70 80

V (Volt)

Fig.(7): 1.V curve of Si/ZnO solar cell at substrate temperature 400°C.
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Fig.(8): 1.V plot of Si/ZnO solar cell at substrate temperature 450 °C.
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Fig.(9): L.V characteristic of Si/ZnO solar cell at substrate temperature 500 °C.
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It is clear from Fig.(7,8 and 9) and
table 2 the values of Iy and V. of the
Si/Zn0O solar cell parameters increase as
substrate temp. increase, The conversion
efficiency increased until the substrate
temp. reached at 500°C. Further increase
in the substrate temperature of the films

FF :[ !V }xloo% ...............

SC ~ oC

show an improvement in the efficiency.
The optimum conversion efficiency is
about 9.47 % at (500°C) Si substrate
temperature.

The fill factor (FF) is calculated
from the equation 5 [18].

Where 'm : is the current at maximum power point on the curve.

\Y

m: is the voltage at maximum power point on the curve.

We observed that the values of the fill factor of Si/ZnO thin film solar cell are
decreased as increasing the substrate temperature and this values are in agreement with

the theoretical of Si solar cell.

The conversion efficiency (n) of the Si/ZnO solar cell is calculated by using the

relation [19].

;- [M}loo% _________________

th

P,, : the power of the incident radiation.
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Conclusion

The electrical performances for the
Si/Zn0O solar cells were investigated by
different substrate temperatures at (400,
450,500 °C) in the dark and an
illumination. The increasing of Si
absorber layer substrate temperatures
results in higher short circuit current,
open circuit voltage and conversion
efficiency also yields better performance
(9.47%) at substrate temperature (500°C)
under illumination for Si/ZnO solar cell.
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