JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 8 No 2, 02025(4pp) (2016)

ARYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 8 Ne 2, 02025(4cc) (2016)

Influence of Urbach Energy with Solution Molarity on the Electrical Conductivity in
Undoped ZnO Thin Films

Said Benramache!”, Boubaker Benhaoua?

1 Material Sciences Department, Faculty of Technology, University of Biskra, Biskra 07000, Algeria
2 VTRS Laboratory, Institute of Technology, University of El-Oued, El-Oued 39000, Algeria

(Received 17 March 2016; published online 21 June 2016)

This paper presents the results concerning the new correlation between electrical conductivity and
Urbach energy was investigated as a function of solution molaritie in ZnO thin films. The model proposals
were based on experimental data as discussed in our published paper. ZnO thin films were prepared into
the ultrasonic spray method with different solution molarities on glass substrate at 350 °C. The
measurement data's showing that the electrical conductivity of undoped ZnO thin films can be estimated
by varying the Urbach energy and the concentration of ZnO solution, which were found that the correlate
values of electrical conductivities are in qualitative agreements with experimental data's. Because, it was
in high correlation coefficient can be varied in the range between 0.97-0.99 %. The high agreement was
found in the calculation and achieved in Eq. (4) with maximum relative errors values were limited to
zero %, due to the sign plus was found between parameters correlates.
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1. INTRODUCTION

Zinc oxide 1s a direct, wide band gap semiconductor
material, which is already used in various practical
applications, such as optoelectronics, transparent
electronics, spintronic devices, antireflection coatings
transparent electrodes in solar cells and gas sensor
applications [1-6]. ZnO which is one of the most important
binary II-VI semiconductor compounds a natural n-type
electrical conductivity with a direct energy wide band gap
of 3.37 eV at room temperature, a large exciton binding
energy (~ 60 meV) [7-9].

The resistivity values of ZnO films may be adjusted
between 10-3Q cm and 10-> Q cm by changing the
annealing conditions and doping [10]. Currently, many
methods are being used to prepare ZnO films, such as
molecular beam epitaxy (MBE), chemical vapor deposition,
electrochemical deposition, pulsed laser deposition (PLD),
sol-gel process, reactive evaporation, magnetron sputtering
technique and spray pyrolysis [11-16].

The aim of this work is study the possibility to calculate of
the electrical conductivity of the undoped ZnO thin films with
their Urbach energy at different solution molarities. Ishizuka
et al. [17] studied the correlation of the cell performance of
wide-gap CIGS cells with highly resistive 1-ZnO layers of
different thickness; found that cell parameters, in particular,
the fill factor (F.F.) varied with the thickness of the i-ZnO
layers and the variation of the F.F. However, same works
were investigated the relationships of physical properties of
ZnO thin film as a function of parameters conditions [18-23].
The electrical conductivity and Urbach energy of ZnO thin
films has been used for these correlations were taken from
our published paper which was deposited on glass substrate
at different solution molarities by ultrasonic spray method, as
discussed with [24].
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2. METHODOLOGY

2.1 Materials and Methods

The spray solution were prepared by dissolving
(Zn(CH3CO0O0)2, 2H20) in the solvent containing equal
volumes absolute ethanol solution (99.995 %) purity, then
added a drops of HCI solution as a stabilized, the mixture
solution was stirred at 50 °C for 180 min to yield a clear
and transparency solution.

The optical properties of the deposited films was
measured in the range of 300-800 nm using an ultraviolet-
visible spectrophotometer (UV, Lambda 35) and the
electrical conductivity of the films was measured in a
coplanar structure obtained with evaporation of four
golden stripes on film surface.

The ZnO samples were deposited on glass substrates
using the ultrasonic spray technique. The films were
deposited at a substrate temperature of 350 °C with
2 minutes of deposition time were realized in our
published paper [24]. The optical properties and electrical
conductivity of the films were studied as a function of the
effect of solution molarity (see Table 1).

Table 1 — The optical band gap energy, the Urbach energy and
electrical conductivity for ZnO thin films were measured as a
function of solution molarity [24]

M (moll) 0.05 0.075 0.01 0.125
By (eV) 3.08 3.22 3.37 3.15
E, (meV) 922.1 318.6 85.8 175.7
o (Qcm)-1 024 2.38 7.66 7.96

As can be seen in Table 1, that a minimum Urbach
energy were reached of 0.1 M, which means the adequate
concentration for less disorder, as expressed in the
literatures [12, 25], they found that the minimum Urbach
energies were reached with ZnO thin films obtained by
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ethanol and methanol solutions. This can be explained by
variation of optical gap energy (see Table 1).

2.2 Modelling and Methods

The correlation between the electrical and optical
properties were studied for the electrical conductivity (o)

as a function of Urbach energy ( E,) and solution molarity

M of ZnO films. The correlate parameters were obtained by
the following equation:

O'(*) = a(e)
O-(e)Max
E
Ep=—"2— )
E
u(e)Max
M,
M, = —9—
M(e)Max

whereo,,, E,,and M, are the experimental values;

u(e
Coodar > Pueypran 304 M 37, are maximal experimental
values and o, E, »and Mg are the first values that

have been consisted in the correlated relationships, this
model was used to deleted the form units of the electrical
conductivity, Urbach energy and solution molarity.

2.3 Relation Between the Electrical Conductivity
and Urbach Energy

The variation of electrical conductivity of ZnO thin
films as a function of solution molarity as shown in
Table 1, as can be seen, the maximum electrical
conductivity of the ZnO was 7.96 an (Q-cm) ! for sprayed
film at 0.125 M. The increase of the electrical conductivity
with solution molarity can be explained by the increase in
carrier concentration [26].

We have used the Urbach energy ( E,), which is related

to the disorder in the film network, as it is expressed
follow [27]:

A=4, exp[é"} )

u

where A, is a constant hv is the photon energy and E, is

the Urbach energy, the latter decreased with increasing
the band gap is indicating the decrease of defects as it was
illustrated in (Table 1) [28].

We have descript previously the experimental data (see
Table 1); one can be seen from this data, the electrical
conductivity of ZnO thin films change in the form
nonlinear with the Urbach energy and solution molarity.
We have used different models proposals in this study to
estimate the electrical conductivity, these models were
discussed in the follow steps.

Firstly, we have used the relationships in the form
nonlinear to calculate the electrical conductivity from the
Urbach energy and solution molarity. The following
relationships are evaluated in this step:
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o = & (3)
O atrbxE,u?

where o, is the correlate electrical conductivity, a and b

are empirical constants as a ~ 0.738306, and b ~ 8.40603 .
a+ Mg
4)

o N=—"
@ brexE,y?

where O is the correlate electrical conductivity,a, b and

¢ are empirical constants asa ~-0.20205, b=~ 0.56601
and ¢~ 6.391

Secondary, we have evaluated different relationships to
compare the estimate values with the first steps as used
the following relationships:

Oy =ax M((*I))XE“‘”) 5)

where a and b are empirical constants asa ~1.04241,
and b~ 6.71579.

O'(c) —ax M((,fj;CXLnE”(*)) (6)
wherea, band ¢ are empirical constants asa ~1.0002,
b~4.1155 andc~1.6592.

O = A% (bEM )X Mg, @)

wherea, band ¢ are empirical constants asa ~1.7523,
b~0.052704 andc~1.4609 .

In the end, we have used another formula to limit all
application ranges of this calculation, which considered as
an aim will have realized. We found the following
empirical relationship in this step:

Oy = X exp(b xE @ +cx M(*)Z) 8

where a, band ¢ are empirical constants as a ~0.68017,
b~-3.454 andc~1.0437 .

Oy =ax exp[ +cx Eu(*)] 9

*)

wherea, band ¢ are empirical constants asa ~5.4156 ,
b~-1.1862 andc~-2.6397 .

3. RESULTS AND DISCUSSION

In this study, we will show the evolution of the solution
molarity on the correlation between the electrical
conductivity and Urbach energy, we tried to establish
correlations for each model proposed. The ZnO thin films
exhibit a good electrical conductivity which was calculated
from different solution molarities can be measured with
the Urbach energy.

As shown in Fig. 1, 2 and 3. Significant the correlate
electrical conductivities with the original values of
experimental, which were measured as a function of the
Urbach energy and solution molarity (ZnO concentration)
of the ZnO thin films, which calculated using the
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previously steps (section 2.3) using the Eq. (3) to Eq. (9),
respectively. As can be seen, all measurements of the
electrical conductivities of ZnO thin films by each model
proposed are equal to the experimental values (see Figures
1 to 3), because the high correlation coefficient which was
found. Thus the relative errors of these calculations were
found are smaller than 20 % of the solution molarity
higher than 0.075 M. From these correlations indicate that
the measurement of the electrical conductivity of our
undoped thin films by the proposed equations; it is equal to
the experimental data,
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Fig. 1 - The experimental electrical conductivity and correlations
of ZnO thin films for the Eq. (3) and Eq. (4) as a function of the
solution molarity
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Fig. 2 — The experimental electrical conductivity and correlations
of ZnO thin films for the Eq. (5), Eq. (6) and Eq. (7) as a function
of the solution molarity

The relative error values were measured by the
following relationship

Gy = Gopy) ! Gy | 100 (10)

where o, and o, are the experimental and correlate

values, respectively.

In our experience there was no evidence for significant
changes in electrical conductivity with correlation upon
varying the Urbach energy by modifying the solution
molarity; the main effects have been observed upon
variation of the model proposals. As can be seen in Fig. 4
the ZnO solution 0.1 M is achieved the relative error was
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limited to zero % in some proposed models, can be explain
by the optimal point and the maximum enhancement of
the electrical conductivity. Based on the observation of
theoretical method can be found that the correlation values
for the electrical conductivity were investigated, which it is
good agreement was found between the calculated and
experimental values. The best calculated results are
achieved in Eq. (4) with maximum relative errors values
were limited to zero %, due to the sign plus was found
between parameters correlates.
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Fig. 3 - The experimental electrical conductivity and correlations
of ZnO thin films for the Eq. (8) and Eq. (9) as a function of the
solution molarity

Thus result indicates that such ZnO thin films sprayed
with 0.1 M are chemically purer and have many fewer
defects and less disorder owing to an almost complete
chemical decomposition. The ZnO solution 0.1 M can be
considered the optimal point to get good quality such as
high conductivity, good transparency and higher
crystallinity. Thus the correlations between the electrical
conductivity and the Urbach energy with the solution
molarity were investigated.
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Fig. 4 - The variation of errors of ZnO thin films as a function of
solution molarity for all formulas

4. CONCLUSION

In summary, the ZnO thin films were prepared with
different solution molarities by ultrasonic spray method on
glass substrate at 350 °C. This paper is to present a new
approach to the description of correlation between
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electrical conductivity and Urbach energy by varying the
solution molaritie. The model proposals to estimate the
electrical conductivity of undoped ZnO thin films were
investigated. From the measurements data's, it were found
that the correlate value of electrical conductivities are in
qualitative agreements with experimental data's, which
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