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In the present paper, we investigated a new model by theoretical methods; it is based on correlation
from the experimental data’s which was used in the calculation the optical gap energy and Urbach
energies. These data’s were taken from papers previously published. The choice ZnO thin films and spray
only to compare our models with the Indium doping. From obtained relations found that the experimental
data and theoretical calculation are in qualitative, which were supported with the variation of solution
molarities and Indium doping. We have obtained a high correlation coefficient in the estimation of the
band gap energy is higher than 0.96 with compare of Urbach energy is changed from 0.84 to 0.89. The
measurements by these new models have agreed with minimum relative errors, it is found in the
calculations of optical band gap does not exceed 4 %, and for Urbach energy are smaller than 20 and 10 %
for undoped and Indium doped ZnO films, respectively. So that the best estimation was found at the
Indium doped ZnO thin with maximum enhancement of minimum errors were limited to 3.5 and 9.7 % for
the band gap and the Urbach energies, respectively. The decreases in the relative errors of undoped to
Indium doped films can be explained by the fewer defects and less disorder.
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1. INTRODUCTION

Over the past decades, rapid research and
developments have been made in the field of metal
oxide nanostructures because of their unique properties
that can be used in an array of applications for the
production of novel and efficient nanodevices. Among
various metal oxides, Zinc oxide (ZnO) which is one of
the most important materials in the synthesis of solar
cell applications has good optical properties which can
observe in the fewer defects and less disorder. The
semiconductor compounds as a ZnO has a n-type good
electrical conductivity with a direct energy wide band
gap of 3.37eV at room temperature, a large exciton
binding energy ( 60 meV) [1-4].

Oxide metals as a ZnO have gained much interest in
science and technology due to their interesting
applications such as  transparent  conductive,
ferromagnetism, semiconductors, piezoelectric and solar
cells, Indium doped ZnO thin films have low resistivity
and good optical gap energy at low deposition [5-8].

Several techniques can be used to prepare ZnO as a
thin film among them reactive evaporation and thermal
annealing [9], molecular beam epitaxy (MBE) [10],
magnetron sputtered technique [11], pulsed laser
deposition (PLD) [12], the low-temperature solution
method [13], potentiostatic and electrodeposition [14],
the sol-gel technique [15], chemical vapor deposition,
electrochemical deposition [16] and spray pyrolysis
[17], The choice of undoped and Indium doped ZnO thin
films deposited by same spray techniques in this work
because of its good results, There are many reliable
results can be used to reduce errors after modeling.

.
benramache.said@gmail.com

2077-6772/2016/8(1)01008(5)

01008-1

PACS numbers: 02.30.Vv, 68.55.ag, 78.20.Bh,
81.40.Tv

In this paper, the experimental datas of undoped and
Indium doped ZnO thin films were taken from papers
previously published. The estimation the optical gap
energy Eg and Urbach energy Eu of these materials can
be correlated with solution molarity and Indium doping.

2. EXPERIMENTAL AND METHODS

In this work, the experimental datas of undoped
and Indium doped ZnO thin films such as the optical
gap energy and Urbach energy were taken from papers
previously published [18-28] they studied the effect of
solution molarity, doping level and substrate
temperature on structural, optical and electrical
properties of ZnO thin films (see Table 1). Table 1,
shows the preparation conditions were chosen to
investigate in the theoretical methods as can be seen,
each samples were deposited using spray techniques on
glass substrates at a temperature of 350 °C. In the
analysis of the variations of optical gap energy and
Urbach energy of undoped and Indium doped ZnO thin
films can be varied in the form nonlinear (see Tables 2
and 3). The model proposed to calculate with solution
molarity and doping level is discussed. In this study,
we will show that the effect of doping level on the
correlation of optical gap energy and Urbach energy, we
tried to establish correlations for each model proposed.

3. THEORETICAL CALCULATIONS
3.1. Undoped ZnO Thin Films

Firstly, the primary model was used for correlation
of the optical gap energy between the Urbach energy
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and solution molarity in the undoped ZnO thin films,
this relationship can write in the form nonlinear, as
expressed in our published paper [29]:

geor.
u

0.0184683
E,, =(3.28711 )X(Ej if X,=0 (1)

where E, is the Urbach energy, M is the solution

molarity E is the estimate of optical gap energy and

gceor.
a and b are empirical constants as a~3.28711 and
b~0.0184683 are shown in Table 2. On the other hand,
the Urbach energy of undoped ZnO thin films can be
developed with solution molarity, it was related with
the optical gap energy, which was obtained in the
following formula:

Eu—exp[lnM+ll)lng]iAEu if X,-0 (2

g

where a, b are empirical constants were related of the
undoped as a~3.28711 and b~0.0184683 (see Eq.
(1)). These constants were measured in the section 3.1
and 3.2. The resulting errors (AE, ) was calculated from
Eq. (1), which was called the pass value of optical gap
energy to Urbach energy as shown in the following
proposal:

AE,

ag, -1
b E,

3

3.2. Indium Doped ZnO Thin Films

In the Indium doped ZnO films, here the correlation
to calculate the optical gap and Urbach energies were
based on Eq.(1) and (2), respectively, with introduce the
0 wt. %, to perform the correlation in this step the
optical parameters were measured with doping levels.
The correlation can be written in another form such
following relation:
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(0.0184683x(1+BX,))
Eg :(3.28711x(1+AX0))X[Ej (4)
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where a, b and A, B are empirical constants were
related of the undoped and Indium doped thin films,
respectively, and X, is the Indium concentration in
doped ZnO films. These constants were measured from
Eq.(1) and (4), respectively. The resulting errors (AE, )

in the Indium doped ZnO films was calculated from Eq.
(4) as shown in the following proposal:

1 AE
AE,=—————£F (6)
(b(1+BX,)) E,

3.3. The Relative Error Measurement

The relative error values for our correlation were
measured between the experimental data and correlate
values by the following relationships:

&= ‘(EgExp - EgCorr) / EgExp
&= ‘(EuExp _EuCorr) / EuExp

x100  (7)

x100  (8)

Table 1 - The parameters conditions were used in this
research

Method Ultrasonic Spray or spray pyrolysis
Oxide Zinc oxide thin films

7Zn reactants Zn acetate or ZnCl2

Solvents Ethanol-methanol-water
Substrate Glass

Molarity (M) 0.02-0.05-0.075-0.1-0.125
Temperature(®) | 300, 350, 360, 400, 410, 450
dopant In

[In]/[Zn] (%) 1to 15

Table 2 - Summary results of experimental data, the correlate optical gap energy, the correlate Urbach energy and relative
errors for the Undoped ZnO thin films

Undoped ZnO thin films a ~3.28711 and b~ 0.0184683
S.N. M T (°C) Ey (Exp.) E, (eV) Ey (Corr.) Error (%) E, (Corr) | Error (%) | Ref.
(mol.l-1) (V) V) eV)
1 0.05 350 3.08 0.9221 3.115 1.136 0.938 1.72 [18]
2 0.075 350 3.22 0.3186 3.200 0.590 0.281 11.80 [18]
3 0.1 350 3.37 0.085 3.297 2.166 0.069 18.82 [18]
4 0.125 350 3.15 0.1757 3.266 3.682 0.201 14.39 [18]
5 0.1 350 3.10 0.2734 3.212 3.612 0.279 2.05 [19]
6 0.1 350 3.267 0.108 3.273 0.183 0.108 0 [20]
7 0.02 350 3.19 0.08 3.204 0.439 0.071 11.25 [21]
8 0.1 350 3.25 0.064 3.314 1.969 0.074 15.62 [22]
9 0.1 350 3.304 0.1139 3.279 0.757 0.101 11.32 [23]
10 0.1 350 3.317 0.0983 3.288 0.874 0.097 1.32 [24]
11 0.1 350 3.27 0.17 3.255 0.458 0.165 2.94 [25]
12 0.1 350 3.25 0.209 3.243 0.215 0.203 2.87 [26]
13 0.1 350 3.23 0.490 3.192 1.176 0.444 9.39 [27]
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Table 3 - Summary results of experimental data, the correlate optical gap energy, the correlate Urbach energy and relative

errors for the Indium doped ZnO thin films

In doped ZnO thin films with 0.1 mol.I-1 A ~5.07011 and B ~-180.19820
SN. |XV/[Zn] |T E, (Exp) |E, E, (Corr.) Error E, (Corr.) |Error Ref.
0, o 0, 0,
(%) QY) V) V) V) (%) V) (%)
1 0 350 3.23 0.490 3.192 1.176 0.466 4.89
2 2 350 3.22 0.295 3.275 1.708 0.304 3.05
3 4 350 3.26 0.288 3.316 1.717 0.316 9.72 [27]
4 6 350 3.41 0.285 3.335 2.199 0.276 3.15
5 8 350 3.41 0.285 3.328 2.404 0.279 2.10
6 0 350 3.25 0.209 3.243 0.215 0.189 9.56
7 2 350 3.158 0.423 3.170 0.379 0.395 6.62
8 3 350 3.185 0.328 3.248 1.978 0.352 7.31 [28]
9 4 350 3.067 0.376 3.174 3.488 0.402 6.91
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Fig. 1 - The variation of optical gap energy and Urbach energy experimental and correlate of Undoped ZnO thin films
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Fig. 2 — The variation of optical gap energy and Urbach energy experimental and correlate of Indium doped ZnO thin films

where E E,, and E

and correlate values of optical gap energy and Urbach
energy, respectively, ¢ is the relative error.

E, ., are the experimental

g(e)> g(c)?

4. RESULTS AND DISCUSSION

Figure 1, shows the variation of optical gap energy
and Urbach energy experimental and correlate for
Undoped ZnO thin films, The values of the scaled
parameters were calculated according to Eq. (1) and
Eq. (2), as presents in Table 2, there were estimated as
a function of solution molarity and their energies, As
can be seen, all measured values of the optical energy
gap is inversely proportional to the Urbach energy.
From these figures can be found that all correlation
values are proportional to the experimental data’s. So
found a high correlation coefficient in the estimation of

the band gap energy and Urbach energy are 0.97358
and 0.84714, respectively, which the maximum
agreement of the estimation was found to be minimum
error.

As shown in Figures 2, significant the doping
evolution of Indium doped ZnO thin films on their
optical gap and Urbach energies. here the investigations
were carried out of the Eq. (1) and Eq. (2), as presents in
Table 3, As can be seen, with comparing with undoped
the Indium doping has a high correlation coefficient to
estimate of the band gap energy and Urbach energy
were 0.96629 and 0.88510, respectively, It can also say
that the calculations values are in qualitative
agreements with the experimental data, which the
maximum agreement of the estimation was found to be
minimum relative error. The correlation coefficient
depends on both relative errors and doping via:
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N

2.6
R=1-- 9)

where N is the number of measurement and ¢ is the
relative error. The correlation coefficients are presents
in Figures 1 and 2, it can be seen that the Indium doped
ZnO thin films has a good and achieved results obtaining
from increasing the correlation coefficients, this is the
approach we have adopted in the enhance of band gap
energy and less disorder of ZnO thin films with doping.

10 ‘ ‘ : 30

ol ... undopedzno |

8 i ; + 25
2 6 S
w5 15,7
: :
=~ 10 2
o 3 w
% 2 5 O

1

0 0

4
N. of samples

10 ‘ 30

9ol | In doped ZnO {

N ‘ 25
T 20 _
€ 6r g
w®5r 115 47
] RN VOSSR S <
S 3l . ® ok J108
w . w

9 : . K o 9 &

% O 15

T = ®a

0 i .‘ f * 0

0 2 4 8 10

N. of samples

Fig. 3 — The correlation coefficients for optical gap energy and
Urbach energy at different dopant’s
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