Introduction
1.1Overview
Semiconductors are materials which have electrical conductivities lying

between those of good conductors and insulators.

The resistivity of semiconductors varies from 10” to 10*ohm.m compared
to the values ranging from 10™ to 10®ohm.m for conductors and from 107 to
10%ohm.m for insulators. There are elemental semiconductors such as
germanium and silicon which belong to Group IV of the periodic table and
have resistivity of about 0.6 and 1.5x10’0hm.m respectively. Besides these,
there are certain compound semiconductors such as gallium arsenide (GaAs),
indium phosphide (InP), cadmium sulphide (CdS), etc. which are formed from
the combinations of the elements of Groups( III and V) ,or Groups (II and VI)
.Another important characteristic of the semiconductors is that they have small
band gap .The band gap of semiconductors varies from 0.2 to 2.5 eV .Which is
quite small as compared to that of insulators .The band gap of a typical
insulator such as diamond is about 6eV. This property determines the
wavelength of radiation which can be emitted or absorbed by the

semiconductor and hence helps constructing devices such as light emitting

diodes (LEDs) and lasers [1].

Semiconductors are defined as solids in which at absolute zero (0 K), the
uppermost band of occupied electron energy states, the valence band, is
completely full. Under absolute zero conditions, the Fermi energy is energy
level up to which available electron states are occupied. At room temperature,
there is a distribution in energy of the electron, such that a small number have
enough energy to cross the energy band gap into the conduction band .Thus,

this redistribution of electron in the semiconductor enables charge transport.
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The covalent bonds from which these excited electrons have come now have
missing electrons, or holes which are free to move around as well. The size of
the band gap in the semiconductor describes the energy required to excite the
electron and allow them to hop from the valence band to the conduction band
Furthermore, it is the size of this energy band gap that draws a line between
semiconductors and insulators .Materials with a band gap energy of less than
about 3 electron volts (eV) are generally considered semiconductors (Fig(1-1-
1) (b)), while those with greater band gap energy are considered insulators. A

graphical representation of the band gap in a various materials is shown in

Figure (1-1-1) [2].
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Fig.(1-1-1) Band structure of (a) an insulator, (b) a semiconductor, and (c)a

conductor.

Oxide semiconductors occur in a variety of crystal structures and exhibit
diverseelectronic and optical properties. Controlling the electrical conductivity in
oxidethin films and nanostructures is an important step toward their application in

electronics and optoelectronics [3].



1.2 Background of the problem

The study of optical absorption spectra provides a very productive method
for investigatingoptically induced electronic transitions and an insight into the
energy gap and band structure ofcrystalline and amorphous materials [4]. The
principle of this technique is that a photon with an energy level greater than the
band gap energy will be absorbed [5,6]. Absorption and transmission in the
ultraviolet, visible and infrared regions are important in optical instruments. The
absorption in all three regions can be used to study the short-range structure of
glasses which encompasses the immediate surroundings of the absorbing atom
[7]. Therefore optical as well as electrical properties need to know optical band gap,
due to the lack of expensive instruments, one needs simple techniques to find the
band gap.

1.3 Objective

The aim of this study isdetermination of energy gap of copper oxide and zinc
oxide samples by UV spectrometer And other techniques (electrical method) for
different temperature.

1.4 Scope of the research

The current study was made following some steps:

1- Preparation of 10 samples thin films of copper oxide and zinc oxide
deposited by the spray pyrolysis method at the different temperature (150 -
330)°C.

2- Using electric method brought powders Copper oxide (CuO) and Zinc
oxide (ZnO) M.W.:81.38 Particularly (CDH) CAS No.[1314-13-2] and

copper oxide sample has size (10x15x3mm?) for four probe method.



3- To investigate the absorption properties of the obtained thin films copper
oxide and zinc oxide by using Shimadzu UV-VIS-1240 scanning
spectrophotometer in the wavelength range from 190 to 1100 nm.In addition
some simple electrical techniques are also used

4- The values of energy gap and empirical relations are compared with the

standard values and previous values.
1.5 Presentation of thesis

This is research include five chapters, chapter one is the introduction.
chapter two is the literature review (bands gap theory of semiconductors and some
properties of copper oxide and zinc oxide), chapter three is concerned with the
previous studies about energy gap of copper oxide and zinc oxide ,chapter four is
the devoted for experimental procedures and the last chapter includes data analysis,

discussion and findings.



Theoretical background

2.1 Introduction

The basic theory of the band gap is very significant to understand and study
the characteristics of semiconductor.The primary goal of this chapter is to clarify
briefly all the basic theory band gap in semiconductors and Temperature
dependence of the energy band gap. Will be discussed copper oxide and zinc oxide

properties.
2.2Band gap theory of semiconductors

The bandgap is one of the most important semiconductor parameters. The
band gap of a semiconductor is the minimum energy required to excite an electron
that is stuck in its bound state into a free state where it can participate in
conduction. The band structure of a semiconductor gives the energy of the
electrons is called a "band diagram". The lower energy level of a semiconductor is
called the "valence band" (Ey) and the energy level at which an electron can be
considered free is called the "conduction band" (E¢). The band gap (Eg) is the gap
in energy between the bound state and the free state, between the valence band and
conduction band. Therefore, the band gap is the minimum change in energy

required to excite the electron so that it can participate in conduction [8].
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2.3 Intrinsic semiconductors:

Will deal first with the intrinsic semiconductor. This is a material that is a
semiconductor 'in its own right' - nothing has been added to it.

In the intrinsic semiconductor the valence band is full once more, but the
conduction band is empty at very low temperatures. However, the energy gap bet-
ween the two bands is so very small that electrons can jump across it by the
addition of thermal energy alone or even light energy of a suitable wavelength. In
other words, heating the specimen or shining a light on it may be sufficient to
cause electrical conduction. The conductivity increases with temperature as more
and more electrons are liberated. Semiconductors therefore have negative
temperature coefficients of resistance [9].

For germanium the energy gap is 0.66 eV and for silicon it is 1.11 eV at 27 °C.
When an electron jumps to the conduction band it leaves behind it a space or hole
in the valence band. electron can jump into it from another part of the valence

band it is as if the hole itself was moving Conduction can take place either by



negative electrons moving within the conduction band or by positive holes moving

within the valence band [10].
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Figure (2-3-1) silicon atom

2.3.1 The Fermi Level and Intrinsic Semiconductors

Electrons are Fermions , and thus follow Fermi-Dirac distribution function

(2.3.1)

1
exp|(E, — p)/ kT]+1

f(E)=

Where: k is Boltzmann's constant, T is the absolute temperature, E; is the energy
of the single-particle state:, and pis thetotal chemical potential. in
semiconductor physics is the energy at which there would be a fifty percent
chance of finding an electron, if all energy levels were allowed. In order to apply
the statistics, we need the density of states in the conduction and valence bands
[11]. These are derived from the basic principle that the density of states is

constant in k-space. In the conduction band the density of states is given by:

g(E)=—~@2m,)"*(E-E,)" (2.3.2)
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And the valence band,

V
g(E) =5 (2mh)3/2( )"’ (23.3)

F,(E)=e et (2.3.4)

The density of electrons in the conduction band is

N (2 6)3/2 —(E—p)/ kT 1/2
=;=—Jf(E) QUEME="""5 Je (E-E,)"dE
3/2
_ | 2T | i
= h—2 e (2.3.5)
In the valence band, the probability of a hole is
F.(E)=1-F(E) (2.3.6)
And can be approximated
F (E)=e* M (2.3.7)
A similar calculation yields the hole density
3/2
pP=9 27m’lhkT e_'u/kT
- 72 (2.3.8)

Calculation of the Fermi level given the carrier concentration is useful in

the calculation of laser gain, but since the function is not invertible, there is no



analytical method for achieving this. However numerous approximations have

been formulated to calculate the Fermi level[12].

The value of p depends on N, and Ny . However pu can be eliminated

between equation (2.3.5) and (2.3.8)

to give the important relation

—E, /kT
n,=N.Nye (2.3.9)

Where: N, and N, are the prefactors in equation (2.3.5) and equation (2.3.8)

3/2
27m kT
N.= 2{}2—2} (2.3.10)
2am kT
N, =2{ hg } (23.11)

As stated, equation (2.3.9) holds for all T and independent of the values of
N, and Ny . In the intrinsic region, the extrinsic density is negligible, and then n=p
since each electron excited to the conduction band leaves a hole behind it. In the

intrinsic region, therefore [13].

n,=p, =(N.N,)"?e """ (23.12)
3/2 —(u—E,)/ kT 3/2 —ulkT
m, e " =m, e (2.3.13)

If we substitute into equation (2.3.11) the values of n and p from equation (2.3.5)

and equation (2.3.8)



This gives the value of p in the intrinsic region, simple manipulation leads to

m

e

1 3 m
p=SE + kT ln(—hj 2.3.14)

That is, p is displaced from the middle of the band gap by a temperature dependent
term that depends on the ratio of the effective masses[14].
2.4 Extrinsic semiconductors
An extrinsic semiconductor is basically a semiconductor to which a very

small amount of impurity has been added. About one atom per million is replaced
by an impurity atom; this process is called doping.
Doping with an impurity can have quite marked effects on the electrical properties
of the material. The addition of one impurity atom in one hundred million will
increase the conductivity of germanium by twelve times at 300 K. Very precise
doping may be achieved by neutron irradiation.

Will consider the effects of doping a piece of silicon. Silicon is made up of
tetravalent atoms joined in a lattice, as shown in Figure (2.4.1) and (2.4.3). Two
types of semiconductor can be made by doping with different impurities [15].

2.4.1 N-Type semiconductors

In addition to replacing one of the lattice atoms with a Group 3 atom, can
also replace it by an atom with five valence electrons, such as the Group 5 atoms
arsenic (As) or phosphorus (P). In this case, the impurity adds five valence
electrons to the lattice where it can only hold four. This means that there is now
one excess electron in the lattice (see figure (2.4.1)). Because it donates an
electron, a Group 5 impurity is called a donor. Note that the material remains

electrically neutral.
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Fig (2.4.1) n- Type semiconductors

Donor impurities donate negatively charged electrons to the lattice, so a
semiconductor that has been doped with a donor is called an n-type semiconductor;
"n" stands for negative. Free electrons outnumber holes in an n-type material, so

the electrons are the majority carriers and holes are the minority carriers [16].

2.4.2 N-Type band structure

The addition of donor impurities contributes electron energy levels high in
the semiconductor band gap so that electrons can be easily excited into the
conduction band. This shifts the effective Fermi levelto a point about halfway

between the donor levels and the conduction band.
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Fig (2-4-2) n-type band structure
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Electrons can be elevated to the conduction band with the energy provided by an
applied voltage and move through the material. The electrons are said to be the

"majority carriers" for current flow in an n-type semiconductor [17 ].

2.4.3 P-Type semiconductors

Now, if one of the atoms in the semiconductor lattice is replaced by an
element with three valence electrons, such as a Group 3 element like Boron (B) or
Gallium (Ga), the electron-hole balance will be changed. This impurity will only
be able to contribute three valence electrons to the lattice, therefore leaving one
excess hole (see figure (2-4-3)). Since holes will "accept" free electrons, a Group 3

impurity is also called an acceptor.

Fig (2-4-3) P- Type semiconductors
Because an acceptor donates excess holes, which are considered to be
positively charged, a semiconductor that has been doped with an acceptor is called
a p-type semiconductor; "p" stands for positive. Notice that the material as a whole
remains electrically neutral. In a p-type semiconductor, current is largely carried by
the holes, which outnumber the free electrons. In this case, the holes are the

majority carriers, while the electrons are the minority carriers [16].
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2.4.4 P- Type band structure

The addition of acceptor impurities contributes hole levels low in the
semiconductor band gap so that electrons can be easily excited from the valence
band into these levels, leaving mobile holes in the valence band. This shifts the
effective Fermi level to a point about halfway between the acceptor levels and the

valence band.

Conduction Band
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Fig (2-4-4) p-type band structure

Electrons can be elevated from the valence band to the holes in the band gap
with the energy provided by an applied voltage. Since electrons can be exchanged
between the holes, the holes are said to be mobile. The holes are said to be the

"majority carriers" for current flow in a p-type semiconductor [17].

2.4.5 The Fermi Level and Extrinsic Semiconductors

What happens to p with temperature when donors and acceptors are

present. The charge neutrality condition governs the numbers of carriers.

n =N,=p+N, (2.4.1)

13



Where: N, and N;are the number of ionized acceptor and donor sites. the

probability of finding an electron on a donor atoms. The number of sites that are

ionized is:

N; =N, (€, -E,) (242)
A similar argument shows that

N, =N,f(E)) (2.4.3)

The terms in (2.4.1) are given in terms of p (2.3.5), (2.4.3), (2.4.5) and (2.4.2)
respectively, so L can in fact be determined from (2.3.6). The general case has to

be dealt with numerically;
Take the case of n-type doping but with some counter-doping:

N¢&>N,atT=0, N, electrons move off donor sites to occupy the acceptor sites. Thus
N, =N, 244

The donor sites are partially occupied. This is only possible at T=0 if the
Fermi-level is at the donor-site energy:

u=E,—E, (245)

This will not change for very low temperatures, kT<< Eg, so substitution of
the value of p into (2.3.5) gives

n=N.e""" 246
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It is seen that(2.4.3) is definitely a low-temperature result. For p-type
doping, the result corresponding to (2.4.6) for kT<<E, is

p=Ne """ a7

The important technical region in the n-type material is the temperature
range in which all the donors are ionized and the extrinsic electron density is

higher than the intrinsic density. Full ionization means:
n=N,-N, (2.4.8)

Since N, electrons are required for occupation of the acceptor sites.

Comparison of (2.3.12) and(2.3.7) gives

NC
p=E,—kT h{ NN } (2.4.9)

The corresponding results for p-type doping are

p=N,-N, (2.4.10)

N,
p=E, kT h{ﬁ} (2.4.11)

Note that in this technical region if the counter doping is negligible, N, <<

NgorNg << N, , (2.4.8) and (2.4.10) simplify to [14].
n=N, (24.12)
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P=N, (2.4.13)

2.5 Temperature dependence of the energy band gap

The energy bandgap of semiconductors tends to decrease as the temperature
is increased. This behavior can be better understood if one considers that the
interatomic spacing increases when the amplitude of the atomic vibrations
increases due to the increased thermal energy. This effect is quantified by the
linear expansion coefficient of a material. An increased interatomic spacing
decreases the potential seen by the electrons in the material, which in turn reduces
the size of the energy bandgap.A direct modulation of the interatomic distance,
such as by applying high compressive (tensile) stress, also causes an increase
(decrease) of the bandgap [18].

The relationship between band gap energy and temperature can be described
by Varshni's empirical expression [19].

al”

E (T)=E,(0)- 715 25D

Where: E4(0), o and  are the fitting parameters. These fitting parameters are listed

for germanium, silicon and gallium arsenide in the table below [20]:

Table (2-5-1) parameters for germanium, silicon and gallium arsenide

Germanium Silicon GaAs

E,(0) [eV] 0.7437 1.166 1.519
a [eV/K] 4.77 x 10™ 473 x 10™ 5.41x10™

B K] 235 636 204
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Figure (2-5-1) band gap versus temperature is shown in the figure below for

germanium, silicon and gallium arsenide

2.6 The metal-oxide-semiconductor junction

The metal-oxide -semiconductor (MOS) junction (Fig (2-6-1)) is a double
plate capacitor consisting of a metal plate, a SiO, insulating spacer layer and a Si
plate. The states of a metal and a semiconductor align at the vacuum level but, in
general, have different work functions Wy and Ws. This results in them having
different chemical potentials and therefore some equilibration and band bending
will occur when a metal and a semiconductor are brought together. In Fig.(2-6-1)

we have neglected this [21].
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Fig (2-6-1) Metal-Oxide-Semiconductor junction.
Where: Wy 1s the metal work function and Wy is the semiconductor work function.
If the semiconductor in a MOS junction is p-type we will have W< Wg and
on contact charge will flow from the metal into the semiconductor to achieve
equilibrium as shown in Figs. (2-6-2a,b). This creates a region of unbalanced
negative charge at the oxide-semiconductor interface giving rise to the band

bending seen in Fig (2-6-2-b) [22].
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Fig.(2-6-2).Metal-oxide-p-type = semiconductor junction (a) Before
equilibration (b) After equilibration.
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If the semiconductor is n-type then Wy> Ws and on contact charge will

flow from the semiconductor in to the metal to achieve equilibrium as shown.

Flow of

electrons
EL |
Z

Fig.(2-6-3). Metal-oxide-n-type semiconductor junction.(a) Before

equilibration (b)After equilibration.

In Figs. (2-6-3a,b). This creates a region of unbalanced positive charge at the
oxide-semiconductor interface [22,23].

If a positive voltage is applied to the metal plate in Fig. (2-6-2-b) with
respect to the substrate, the band edge profile in the vicinity of the surface gate will
be increasing bent downward as more as more negative charge is attracted to metal
surface gate, filling acceptor states. At some point the conduction band edge Ec
will dip below the chemical potential in the substrate and the semi classical would
predict that the triangular well that forms at the interface will fill with free
conduction electrons Fig. (2-6-4). Typically, at least for small surface-gate
voltages, the width of triangular well is approximately equal to the Fermi
wavelength of the conduction electrons, should not be used to calculate the well
carrier density because it assumes zero Fermi wavelength. In the effective-mass

approximation, the Schrodinger equation for the well region has the form [23,24].
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_ 32

_Vo+E.p=E
o O EP=Eo (2.6.1)

Which has solutions of the form?

hk’

E, = T L 262)

Where: k = (ki ,k,) is the wave vector for free motion in the x; y plane. The
energies E; are the quantum well sub band energies and may be found by direct

numerical computation.

Free electrons
in conduction
band
states

Fig.(2-6-4). A positive gate bias on metal-oxide-semiconductor junction

with a p-type substrate.
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Oxide p - type Semiconductor

Fig.(2-6-5). Bound states in a triangular quantum well at an oxide- p-type

semiconductor interface.

When only the lowest energy sub band E, is beneath the substrate chemical
potential the device will have a single dynamically two- dimensional electron gas
at the oxide-semiconductor interface. Having calculated Ey, quantum mechanically
it may then be regarded as the zero of potential energy for the two-dimensional gas
and therefore the two- dimensional carrier density n,p, (m™) may be calculated from

[24].
np = [ 82p(E)f (6)de (263)
EO
Where: gyp is the two-dimensional density of states. The spatial dependence of the
well carrier density nc (X, y, z) (m™) can then be calculated from n,p by noting that

this two-dimensional density is distributed in the interface region according to the

probability density of the bound state Ey.

21



A two-dimensional hole gas may be made by applying a negative voltage to
the metal gate of a metal-oxide - n-type junction Fig. (2-6-3) [23,24].
2.7 Some properties of copper oxide and zinc oxide
2.7.1 Copper oxide (CuO)
2.7.1.1 Crystalline structure

Copper (II) oxide belongs to the monoclinic crystal system, with a lattice
parameters are a =4.6837 A, b=23.4226 A, c=5.1288 A, a =90°, B =99.54°, y =
90°.[25] The copper atom is coordinated by 4 oxygen atoms in an approximately

square planar configuration [26].

Figure (2-7-1): Crystal structure of CuO

2.7.1.2 Uses

Copper oxide is used as apigmentin ceramics to produce blue, red, and
green (and sometimes gray, pink, or black) glazes. It is also used to produce cup
ammonium hydroxidesolutions, used to make rayon. It is also occasionally used as
a dietary supplement in animals, against copper deficiency [27]. Copper(Il) oxide
has application as a p-type semiconductor, because it has a narrow band gap of 1.2

eV (this means the existence of acceptor level near valence band ). It is
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an abrasive used to polish optical equipment. Copper oxide can be used to
produce dry cell batteries. It has also been used in wet cell batteries as the cathode,
with lithium as an anode, and dioxalane mixed with lithium perchlorate as the
electrolyte. Copper(Il) oxide can be used to produce other copper salts. It is also

used when welding with copper alloys [28].
2.7.1.3 Optical properties of copper oxide

Copper Oxide is a semiconductor which shows varying optical behavior
because of stoichiometric deviations arising from its methods of preparation and
parameters [27] It has been reported that many of the methods of growing Copper
Oxide result in a combined growth of Copper Oxide (I) (CuO) [29]. A range of
direct optical band gap energies has also been reported for CuO
[29].Semiconductor films in the literature, depending on the method of fabrication
and stoichiometry.

Sputter deposition of Copper Oxide films on glass are reported to have high
transparency, with a slightly yellowish appearance, and absorbs usually at
wavelengths below 600 nm, CuO absorbs strongly throughout the visible spectrum
and 1s black in appearance. The current applications areas of Copper Oxide thin
films include solar cells and electro-chromic devices [30] . Copper Oxide films
have been reported to have band gap energy values which make them suitable for
application as absorbers for solar energy conversion studied for several reasons
such as: the natural abundance of starting material Copper (Cu); the ease of
production by Copper oxidation; their non-toxic nature and the reasonably good
electrical and optical properties exhibited by (CuO) is a p-type semiconductor
having a band gap of 1.21-2.1 eV [30]. Its high optical absorption coefficient in

the visible range and reasonably good electrical properties constitute important
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advantages and render CuO as the most interesting phase of copper oxides [30] the

charge carriers general by CuO are holes.

Table (2-7-1) some properties for copper oxide [31].

Properties Values

Density (g/cm3) 6.315 g/em’

Melting temperature (K) | 1.326 °C (2,419 °F; 1.599 K)

Lattice constant (A) a=4.6837,b=3.4226,c =5.1288
Band gap (eV) 1.2eV

boiling point 2,000 °C (3,630 °F; 2,270 K)
Molar mass 79.545 g/mol

2.7.2 Zinc oxide (ZnO)
2.7.2.1 Crystal structure

Structurally, ZnO has a non-Centro symmetric wurtzite crystal structure
with polar surfaces. The wurtzite structure of ZnO can be considered to be
composed of two interpenetrating hexagonal close packed (hcp) sublattices of
cation (Zn) and anion (O) displaced by the length of cation-anion bond in the c-
direction . The lattice constant of the ZnO hexagonal unit cell are a=3.2500 A and
c=5.2060 A. since ZnO is a two-element compound with different atoms, so c/a
ratio for ZnOhcp unit is 1.60, which is a little smaller than the ideal value of 1.633

of hep. Each hexagonal close packed (hcp) consists of one type of atom displaced

24



with respect to each other along the threefold c-axis by the amount of u =3/8 =
0.375 (in an ideal wurtzite structure) in fractional coordinates (the u parameter is
defined as the length of the bond parallel to the ¢ axis, in units of ¢ or nearest
neighbor distance b divided c).a and B are the bond angle 109.070 (in an ideal
wurtzite crystal) as shown in Figure (2-7-2)[32,33].

Each sublattice includes four atoms per unit cell and every atom of one kind
(group-II atom) is surrounded by four atoms of the other kind (group VI), or vice
versa, which are coordinated at the edges of a tetrahedron. In a real ZnO crystal,
the wurtzite structure deviates from the ideal arrangement, by changing the c/a
ratio or the u value. The deviation from that of the ideal wurtzite crystal is
probably due to lattice stability and ionicity. The point defects such as zinc
antisites, oxygen vacancies, and extended defects, such as threading dislocations
also increase the lattice constant in ZnO crystal, but for a small extent in

heteroepitaxial layers[34].

There existed a strong relationship between the c/a ratio and the u parameter
in that when the c/a ratio decreases, the u parameter increases in such a way that
those four tetrahedral distances remain nearly constant through a distortion of

tetrahedral angles due to long-range polar interactions [33].
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Figure (2-7-2): Hexagonalwurtzite crystal structures of ZnO
2.7.2.2 Uses

The uses of zinc oxide powder are numerous, and the principal ones are
summarized below. Most applications exploit the reactivity of the oxide as a
precursor to other zinc compounds. For material science applications, zinc oxide
has high refractive index, high thermal conductivity, binding, antibacterial and
UV-protection properties. Consequently, it is added into materials and products
including plastics, ceramics, glass, cement,[35] rubber, lubricants,[36] paints,
ointments, adhesive, sealants, concrete manufacturing, pigments, foods, batteries,

ferrites, fire retardants, [37].
2.7.2.3 Lattice parameters

Lattice parameters are considered important, when one has to develop
semiconductors devices. There are mainly four factors which determine the lattice
parameters of the semiconductors. (i) Free-clectron concentration which affects the

potential of the bottom of conduction band normally occupied by electrons. (ii)

26



Concentration of impurities and defects and the difference in ionic rad (ii) between
these defects and impurities with respect to substituted matrix ions. (ii1) External
strains (for example, those induced by substrate) (iv) temperature. On the other
hand, the strict periodicity of the lattice is disturbed by many imperfections or
defects. These imperfections or defects have a considerable, controlling influence
on mechanical, thermal, electrical and optical properties of semiconductors. They
determine the plasticity, hardness, thermal and electrical conductivities. Commonly
the lattice parameters of any crystalline material are measured accurately by high-
resolution x-ray diffraction (HRXRD). Table (2-7-2) shows a comparison of
measured and calculated lattice parameters of ZnO, c/a ratio and u parameter

reported by several groups [38,39].

Table (2-7-2): Measured and calculated lattice constants and u parameter of ZnO

a(Ad)  [c(A) c/a u
3.2496 5.2042 1.6018 0.3819 [a]
3.2501 5.2071 1.6021 0.3817 [b]
3.286 5.241 1.595 0.383 [c]

2.7.2.4 Electronic band structure

A very important property of any given semiconductor is its band structure,
because many important properties such as the band gap and effective electron and
hole masses are derived from it. ZnO is considered most suitable semiconductor
among all his family members for ultraviolet lasing at room temperature, device
application as well as possibilities to engineer the band gap, for this reason a clear

understanding of the band structure is important to explain the electrical properties
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and many other phenomena because it determines the relationship between the

energy and the momentum of the carrier[38,39,40].

Table (2-7-4) some properties for zinc oxide [35].

Properties Values

Density (g/cm3) 5.606 g/cm3

Melting temperature (K) | 1975 °C

Lattice constant (A) a=325A,c=524A
Band gap (eV) 33eV

Refractive index 2.0041

Molar mass 81.408 g/mol

28



Literature review

3.1 Introduction
This chapter is concerned with exhibiting some main previous studies that

utilizes different techniques for band gap determination.

3.2 Used Preparation of CuO nanoparticles by microwave irradiation

In this study CuO nanoparticles with an average size of Ca. 4 nm have been
successfully prepared by microwave irradiation, using copper (II) acetate and
sodium hydroxide as the starting materials and ethanol as the solvent. The CuO
nanoparticles are characterized by using techniques such as X-ray powder
diffraction, transmission electron microscopy, selected area electron diffraction, X-
ray photoelectron spectroscopy and UV—Visible absorption spectroscopy. The as-
prepared CuO nanoparticles have regular shape, narrow size distribution and high
purity. The band gap is estimated to be 2.43 eV according to the results of the
optical measurements of the CuOnanoparticles[41].
3.3 Used determination of the optical band and optical constants of non-
crystalline and crystalline ZnO thin films deposited by spray pyrolysis

The optical constants and optical band gaps of the non-crystalline and
crystalline zinc oxide (ZnO) thin films deposited by the spray pyrolysis method
onto glass substrates at the different deposition times have been investigated by
optical characterization method. The structure of the films was analyzed by X-ray
diffraction and the results obtained showed that the film structure changed from
non-crystalline to crystalline with increasing the deposition time. The effect of film
thickness on the band gap and optical constants (refractive index, extinction

coefficient and dielectric constants) of these films has been investigated and the
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film thickness changes the optical constants and Urbach energy values of the films.
The direct band gaps E, of S1, S2, S3 and S4 thin films were determined 3.295 eV
3.280 eV, 3.297 eV and 3.295 eV, respectively.

The study found that not change the direct optical band, whereas the film
thickness changes the optical constants (refractive index, extinction coefficient and

dielectric constants) [42].

3.4 Used Preparation of copper oxide thin film by the sol-gel-like dip
technique and study of their structural and optical properties

Copper oxide films are prepared using a methanolic solution of cupric
chloride (CuCl, - 2H,0) by the sol-gel-like dip technique at different baking
temperatures. XRD study confirms that the films are of Cu,O phase when prepared
at a baking temperature of 360°C and CuO phase when prepared at 400-500°C
baking temperature. The optical direct band gap energies for Cu,O and CuO films
calculated from optical absorption measurements are 2.10 and 1.90 eV,

respectively [43]..

4CuCl, + 4H,0°" ¢ = 2Cu,0 +8HCI + O,

CuCl, +4H,0°°° € 5 Cu O+ HCI

In this reaction, HC1& O, are released at a higher temperature and a thin

solid layer of copper oxide is deposited on the substrate.
3.5 Used Effect of ZnO on the Physical Properties and Optical Band Gap of

Soda Lime Silicate Glass.

This manuscript reports on the physical properties and optical band gap of

five samples of soda lime silicate (SLS) glass combined with zinc oxide (ZnO) that
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were prepared by a melting and quenching process. To understand the role of ZnO
in this glass structure, the density, molar volume and optical band gaps were
investigated. The density and absorption spectra in the Ultra-Violet-Visible (UV-
Visible) region were recorded at room temperature. The results show that the
densities of the glass samples increased as the ZnO weight percentage increased.
The molar volume of the glasses shows the same trend as the density: the molar
volume increased as the ZnO content increased. The optical band

gaps were calculated from the absorption edge, and it was found that the optical

band gap decreased from 3.20 to 2.32 eV as the ZnO concentration increased.
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Figure (3-5-1).The (ahv)1/2 as a function of photon energy, Avfor (ZnO)x(SLS)1 —
x glasses[44].
3.6 Summery of the previous researches

The first studies Found that the copper oxide energy gap is about (2.43 eV)
using techniques such as X-ray powder diffraction, transmission electron
microscopy, selected area electron diffraction, X-ray photoelectron spectroscopy
and UV—Visible absorption spectroscopy.

Second study shows the effect of film thickness on the band gap and optical

constants of these films explained that the film thickness showed many features
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such as changes the optical constants and energy gap values of the films zinc
oxide.

Third study uses XRD to determine direct band gap energies for Cu,O and
CuO films at different temperatures, the calculated value from optical absorption
measurements are 2.10 and 1.90 eV, respectively.

In the Last studythe optical band gaps were calculated from the absorption
edge, and it was found that the optical band gap decreased from 3.20 to 2.32 eV as

the ZnO concentration increased.
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Methods

4.1 Introduction

This chapter will describe experimental procedures of this study. the non-
crystalline and crystalline zinc oxide (ZnO) and Copper Oxide (CuO) thin films are
deposited by the spray pyrolysis method onto glass substrates at the different
deposition temperature the optical constant and band of these samples are
investigated by optical characterization method by using UV visible spectrometer

and some simple electrical techniques.
4.2 Spray pyrolysis method

The spray pyrolysis method used here is basically a chemical deposition
method in which fine droplets of the desired material are sprayed onto a heated
substrate. Continuous films are formed on the hot substrate by thermal

decomposition of the material droplets.
4.2.1 Spray pyrolysis technique (SPT)

Basics and working of spray pyrolysis technique Among various chemical
methods solution spraying technique is the most popular today because of its
applicability to produce variety of conducting and semiconducting materials
[45-46]. The basic principle involved in spray pyrolysis technique is pyro lytic
decomposition of salts of a desired compound to be de deposited. Every sprayed
droplet reaching the surface of the hot substrate undergoes pyro lytic
(endothermic) decomposition and forms a single crystalline or cluster of
crystallites as a product. The other volatile by-products and solvents escape in
the vapour phase. The substrates provide thermal energy for the thermal

decomposition and subsequent recombination of the constituent species,

33



followed by sintering and crystallization of the clusters of crystallites and
thereby resulting in coherent film. The required thermal energy is different for
the different materials and for the different solvents used in the spray process.
The atomization of the spray solution into a spray of fine droplets also depends
on the geometry of the spraying nozzle and pressure of a carrier gas. Apart from
its simplicity, spray pyrolysis technique has a number of advantages. Spray
pyrolysis is a simple and low-cost technique for the preparation of
semiconductor thin films. It has capability to produce large area, high quality
adherent films of uniform thickness. Spray pyrolysis does not require high
quality targets and /or substrates nor does it require vacuum at any stage, which
is a great advantage if the technique is to be scaled up for industrial applications.
The deposition rate and the thickness of the films can be easily controlled over a
wide range by changing the spray parameters. A major advantage of this method
is operating at moderate temperature (100-500°C), and can produce films on
less robust materials. It offers an extremely easy way to dope films with
virtually any elements in any proportion, by merely, adding it in some form to
the spray solution. By changing composition of the spray solution during the
spray process, it can be used to make layered films and films having
composition gradients throughout the thickness.

Spray pyrolysis technique has been used to prepare the thin film on a variety of
substrates like glass, ceramic or metallic. Many studies have been conducted

over about three decades [47].
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Fig (4-2-1) General schematic of a spray pyrolysis deposition process

4.2.2 UV-Vis- NIR Spectrophotometer

When continual radiation passes over a transparent material, a fraction of
light could be absorbed. If the absorbs light yield a spectrum, it is called absorption
spectrum. The absorbed energy can be determined by calculating the difference of
the excited state energy with the ground state energy. In the case of ultraviolet and
visible spectroscopy, the electromagnetic radiation is absorbed in the transition
region between electronic energy levels. As a molecule absorbs energy, an electron
is promoted from an occupied orbital to an unoccupied orbital of greater potential
energy [48].

The typical UV-Vis spectrophotometer consists of a light exporter, a
detector and a monochromater light. The light source is ordinarily a deuterium
lamp which can emit electromagnetic radiation in the ultraviolet region of the
spectrum. A second light source is a tungsten lamp that can be used for
wavelengths in the visible region. The monochromatic is used to spread the beam
of light into its certain wavelengths. A system of slit will focus the desired

wavelength on the sample. The light that passes through the sample will reach the
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detector. The intensity of the transmitted light will record by the detector, which is
usually a photomultiplier tube [49].
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Fig (4-2-2) molecular absorption (UV Visible) spectrometer
4.2.3Theoretical background of optical band

A common and simple method for determining whether a band gap is direct
or indirect uses absorption spectroscopy. By plotting certain powers of the
absorption coefficient against photon energy, one can normally tell both what
value the band gap has, and whether or not it is direct. For a direct band gap, the
absorption coefficient is related to light frequency according to the following

formula [50].

a~=A\|hf -E, (4-2-1)

3
. qzxfc(2mr)2
 L.ehi’n (4-2-2)

Where:
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o is the absorption coefficient, a function of light frequency
f is light frequency

h is Planck's constant (hf is the energy of a photon with frequency /)
h is reduced Planck's constant (@ = hf 2my

E is the band gap energy

A%is a certain frequency-independent constant, with formula above
4 is the elementary charge

1, 18 the (real) index of refraction

€0 is the vacuum permittivity

Tye 18 @ "matrix element", with units of length and typical value the same order

of magnitude as the lattice constant.[51]

m,m;
= (4.2.3)

m =
r * *
m,;, +me

Where:
M, and My, are the effective masses of the electron and hole, respectively

(M is called a "reduced mass")

This formula is valid only for light with photon energy larger, but not too much
larger, than the band gap (more specifically, this formula assumes the bands are
approximately parabolic), and ignores all other sources of absorption other than the
band-to-band absorption in question, as well as the electrical attraction between the
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newly created electron and hole. It is also invalid in the case that the direct
transition is forbidden, or in the case that many of the valence band states are

empty or conduction band states are full [52].
On the other hand, for an indirect band gap, the formula is:

o W -EAE) (W -E, -E,) (4.2.4)

®)_, )

exp I—exp

Where:
E, is the energy of the phonon that assists in the transition

K is Boltzmann's constant , T" is the thermodynamic temperature
(This formula involves the same approximations mentioned above.)

Therefore, if a plot of hf versus o forms a straight line, it can normally be
inferred that there is a direct band gap, measurable by extrapolating the straight
line to the v = 0 axis. On the other hand, if a plot of hf versus a'’? forms a
straight line, it can normally be inferred that there is an indirect band gap,
measurable by extrapolating the straight line to the o = U axis (assuming E;= 0)

we get [53].

(ahf )= A(hf - Eg)]? 4.2.5)

The photon energy (hf) for y-axis can be calculated using Eq. (4.2.6).

hc
hf =FE = - (4-2-6)

Where
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h is Plank’s constant (6.626)(10'34 J/s), c is speed of light (3)(108 m/s) and A is the

wavelength.

Band gap obtained from Eq(4.2.5) where

(ahf)* = A(hf - E,) 4.2.7)
Setting yv=ahf ,x = hf (4.2.8)
One gets
y=Ax-E,) (4.2.9)
The tangent is given by
dy
—=4 4.2.10
o ( )
It is important to note according to eq (4.2.9) at y=0
x=FE, (4.2.11)
Thus the tangent eq is given by
y=ax +b (4.2.12)
The slope is given according to Eq (4.2.10)
dy
== =4 4.2.1
a=- (4.2.13)
Thus substituting eq (4.2.13) in eq (4.2.11) yields
y=dAx +b (4.2.14)
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It is very clear from eq (4.2.9) and the graph of (Fig (4-2-2))that, this
equation is a straight line. This straight line of eq (4.2.9) and tangential (4.2.13) are

the same. Thus

y=dr+E, (4.2.15)

In general if even eq (4.2.9) to be generalized to be in the form

y=A(x-E,)" (4.2.16)

The equation of tangentis V= ax+b (4.2.17)

The slope of the tangent at x=x, is given by

_ dy _ n-1
a=— =ndx-E,) (4.2.18)

X0

The tangent intersect with x-axis, when

y=0,ax =-b (4.2.19)
N —b
. (4.2.20)
It is clear that for x< E: Vi ¥ Vimag = (x—E )" =(=D"(E, - x)"
R !
= {(_l)z} (B, —x)" =i*(&, —x)" (4.2.21)
Thus: Yreat =052535 Vinag =17 (B, = X)" (4.2.22)
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But since

y = Vreathence y=0 x<E, (4.2.23)
Thus one can for a good approximation requires that

y=0 x=E, (4.2.24)
Sub this relation in eq(4.2.17) to get

0=aE,+b b=-aE, (4.2.25)

Substance eq (4.2.25) in eq (4.2.16) to get
y=a(x—-E,) (4.2.26)
Which is the equation of the tangent of the curve described by Eq (4.2.15).

To see the intercept of this tangent with the x-axis, substance y =0 in Eq (4.2.25) to
get

0O=a(x—-FE,) (4.2.27)
Thus intercept exists at
x =E, (4.2.28)

Thus the energy gap is the value of x at the point where the tangent of the curve

(4.2.16) intersect meet the x—axis.

4.2.4 Experimental method

Workmethod summarized in the following steps:
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1- 0.2M solution of Copper acetate dehydrate (Cu (CH3COO) 2.2H,0) diluted in
methanol and deionized water (3:1) was used for all the films. A few drops of

acetic acid were added to improve the clarity of solution.

2- 0.2M solution of zinc acetate dehydrate (Zn (CH;COOQ)2.2H,0) diluted in
methanol and deionized water (3:1) was used for all the films. A few drops of
acetic acid were added to improve the clarity of solution.

3- Nitrogen was used as the carrier gas, The nozzle to substrate distance was 30 cm
and during deposition, solution flow rate was held constant at 4ml.min"".

4- The ZnO and CuO films were deposited onto glass slices, chemically cleaned,
using the spray pyrolysis method at different substrate temperature.

5-The optical measurements of ZnO and CuO films were carried out at room
temperature using Shimadzu UV-VIS-1240 scanning spectrophotometer in the
wavelength range from 190 to 1100 nm. The substrate absorption is corrected by

introducing an uncoated cleaned glass substrate in the reference beam.

4.2.5 Energy Band Gap

According to the curve obtained from UV- absorption, the energy band gaps
can be measured experimentally. These curve explain the connection between the
determined energy E, from Egs. (4.1.5) and (4.1.28) and the square of absorption
(aE)*.
4.3 Theoretical Background of Band gap by electrical techniques

4.3.1 Unit of Energy —The electron-Volt

The electron volt (eV) is a unit of energy that is used constantly in the study
of semiconductor physics and devices. This short discussion may help in “getting a

feel” for the electron- volt.

42



Consider parallel plate capacity with an applied voltage, assume that an
electron is released at x=0 at time t=0 we may write:
d’x
F=mya=my—; =ek (4.2.29)
dt
Where e is a magnitude of the electronic charge and E is a magnitude of the

electronic field. upon integrating , the velocity and distance versus time are given

by:
L = ekt 4.2.30
- (4.2.30)
And
‘= eEt
2m, (4.2.31)

Where have assumed thatv=0 at t=0.

Assume that at t=tithe electron reaches the positive plate of the

semiconductors so that x=d. Then

ekt .’
d= 2m° (4.2.32)
0
2m,d
ort =\~ 2 (4.2.33)

The velocity of electron when it reaches the positive plate of the semiconductors is

ekt 2¢eEd
v(t,) = = (4.2.34)
m, m,
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The kinetic energy of the electron at this time is

1 1 (2eEd)
T = Emov(to)z =5 . (4.2.35)
The electric field is
V
E=— 4.2.
y (4.2.36)
So that the energy
E,=eV (4.2.37)

If an electron is accelerated through a potential of 1volt, then the energy is
E,=eV =(1.6x 1077)(1) =1.6 x107" . joule (4.2.38)

Then the electron -volt unit of energy is defined as
Electron - volt=joule/e

Then the electron that is accelerated through a potential of 1volt will an energy =

leV.

The magnitude of the potential (1volt) and the magnitude of the electron
energy (1eV) are the same. However, it is important to keep in mind that the unit

associated with each number is different[54].
4.3.2Experimental method

The circuit is designed as shown in fig(4-3-1) to find the energy gap to
measure about40 readings for voltage and current in the voltage in the range of

milli volt to allow different readings. This provides the electrons to this choice is
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made since the energy gap of a sample (CuO, ZnO) in the range (0. to 5) electron
Volt.

The circuit consists of a power supply having voltage range in milli volts
(mV). The semiconductor device is connected in series with an a meter of current
range of mA. This semiconductor is connected in parallel with a voltammeter

having arange of milli (mV) arrange.

To see how heat effecton the energy band the semiconductors are exposed to heat

The circuit designs are show in fig (4-3-1).

Tube of glass fumnace

Fig(4-3-1) circuit design to find the energy band gap
4.3.3Experimental procedures:
The following steps to find the energy band gap was done:
1. Each circuit electrical component is connected as shown in figs (4-3-1)

2. The power supply voltage in increased gradually in steps of milli volts (mV).The

volt and the corresponding current is recorded. The readings are done 100 times.
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3. The relation between V and I for each sample is drawn graphically as shown in

fig (4-3-2).

4. The effect of heat on the copper oxide and zinc oxide is determined by exposing

the samples to temperatures in the range (150°C -330°C)

I(mA))

A

V(mV)

v

Fig(4-3-2) Relation between voltage (mV) and current (mA)

5. The volts at which the current drops or rise abruptly is recorded. The energy gap

E, is thus given by the energy difference between two successive points of V:

4.4Measurement the energy gap of copper oxide by the Four Probe methods
This method is employed when the sample is in the form of a thin wafer,

such as a thin semiconductor material deposited on a substrate, here we have

copper oxide sample. It has size (10x15%3) mnr’.
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4.4.1 Apparatus used

Figure (4-4-1) shows the complete experimental set-up used for determining
the energy gap. It consists of four probes arranged linearly in a straight line at
equal distance from each other. A constant current is passed through the two outer
probes and the potential drop across the middle two probes is measured. An oven is
provided with a heater to heat the sample so that behavior of the sample is studied

with increase in temperature.

Figure (4-4-1) The Four Probes Experimental Set-up

The arrangement of the four probes that measure voltage and supply current
to the surface of the copper oxide sample. The probes are about 2mm metal rods.
This arrangement provides a smooth touch on the sample surface as. The four
probes are lowered to touch the surface by loosening the screw that holds the four

probes[55].
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Figure (4-4-2)The dimensions of the four probes and the copper oxidethickness

4.4.2 Theoretical background of the energy gap:
The energy gap of the semiconductor is given by the equation[56]:

E

g

2KT

p =Aexp (44.1)

Where:
K is the Boltzmann constant (K=8.6x10 eV/deg,)
T is the temperature, in Kelvin,

A 1s some constant. Taking logarithm, we get:

pis the resistivity of the semiconductor crystal, given by[56]:

14

Where,
S is the distance between the probes, in mm.
V is the voltage across the inner probes.

I is the current through the crystal.
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E
log p =logA exp—= (4.4.3)

2KT
| logA +1 E, 4.4.4
(0] =10 +10g ¢ 4.
gp=log ge T (4.4.4)
1 C Es 1 445
= + 0g e 4.
ogp KT 08 ( )
E Ine
logp=C+—= 4.4.6
8P 2KT(ln10j ( )
log p=Ct+_ L Lo (4.4.7)
8 p 2.3026 2KT o

Where:

C is a constant. For convenience Eq.(4.4.7) is rewritten as:

E, 10°

g

X
2.3026x10° 2K T

log p=C+ (4.4.8)

Thus a graph between log of resistivity (logiop) and reciprocal of the temperature,
3
%, should be a straight line(see Fig.(4-4-3)).

AC 1 E,
BC  2.3026x10° 2K

slope = (4.4.9)

Therefore:

E, = 2.3026x10°x2kx(slope ) (4.4.10)
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4.4.3 Experimental procedure

1. The experiment consists of two parts. In the first part, the resistivity of the
copper oxide is determined.

2. The four probes are placed on the sample copper oxide. Care is taken to see that
all the four probes touch the sample surface and make contact with the sample. A
constant current is passed through the outer probes connecting it to the constant
current source. The current is set to 8mA. The voltage developed across the middle
two probes is measured using a digital mille-voltmeter. A thermometer is inserted
into the position to read the temperature.

3. The trial is repeated by placing the four probe arrangement inside the oven. The
oven is connected to the heater supply of the set-up. For different temperatures, up
to 150 °C, the voltage developed is noted and tabulated in Table (5-4-1).

The values of T'x10° and the corresponding values of logjp are plotted

corresponding Values of log;, p are plotted on the graph and are found to lie on

Alog , p
1

the curve as shown in Figure (5-4-1).The slope of the curve 47717 55 calculated

Alog ,, p
L 10
curve as shown in Figure (5-4-1). The slope of the curve 471 is calculated from
the graph. Energy gap E, is obtained. Substituting the values of slope in the
formula Eq (4.4.10).
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Results and discussion
5.1 Introduction

This chapter includes the data analysis that collected to achieve the

objective of the research, beside the most important findings of the study.
5.2Determination of Band Gaps

In this work, the absorption coefficients, o was determined near the
absorption edge of different photon energies for all copper oxide and zinc oxide
samples using Equation (4.1.5). Therefore, the typical plot of (ahf)* versus photon
energy (hf) for indirect allowed transitions that is used to determine the values of
optical band gaps E, There is a linear dependence between (ochf)2 and the photon

energy, As shown in the following figure.
5.3Determination of Band Gaps by using electric method

The experimental setup and procedures mentioned in chapter 4 are utilized
to record the readings of the currents and voltages for the copper oxide and zinc
oxide samples the result is recorded here in the following tables A graphical
relations between the current and voltage for each sample for the different

temperatures were displayed.
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5.3.1 Results band gap of copper oxide (CuO)
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Fig (5-3-1-1) UV/Vis Transmittance measurements for CuO at 150°C
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Fig (5-3-1-2) Band gap measurement of CuO at 150°C
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Fig (5-3-1-5) UV/Vis Transmittance measurements for CuO at 190°C
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Fig (5-3-1-6) Band gap measurement of CuO at 190°C
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Fig (5-3-1-7) UV/Vis Transmittance measurements for CuO at 210°C
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Fig (5-3-1-8) Band gap measurement of CuO at 210°C
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Fig (5-3-1-9) UV/Vis Transmittance measurements for CuO at 230°C
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Fig (5-3-1-10) Band gap measurement of CuO at 230°C

56



150
140 5
130
120
110 5
100 -
90 -
80
70 -
60
50
40 -
30 -
20 -
10 4

Transimitiance (a.u)

330 363 396 429 462 495 528 561 594
A(nm)

Fig (5-3-1-11) UV/Vis Transmittance measurements for CuO at 250°C
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Fig (5-3-1-12) Band gap measurement of CuO at 250°C
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Fig (5-3-1-13) UV/Vis Transmittance measurements for CuO at 270°C
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Fig (5-3-1-14) Band gap measurement of CuO at 270°C
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Fig (5-3-1-15) UV/Vis Transmittance measurements for CuO at 290°C
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Fig (5-3-1-16) Band gap measurement of CuO at 290°C
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Fig (5-3-1-17) UV/Vis Transmittance measurements for CuO at 310°C
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Fig (5-3-1-18) Band gap measurement of CuO at 310°C
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Fig (5-3-1-19) UV/Vis Transmittance measurements for CuO at 330°C
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Fig (5-3-1-20) Band gap measurement of CuO at 330°C
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5.3.2 Results band gap of Zinc oxide (ZnO)
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Fig (5-3-2-1) UV/Vis Transmittance measurements for ZnO at 150°C
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Fig (5-3-2-2) Band gap measurement of ZnO at 150°C
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Fig (5-3-2-3) UV/Vis Transmittance measurements for ZnO at 170°C
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Fig (5-3-2-4) Band gap measurement of ZnO at 170°C
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Fig (5-3-2-5) UV/Vis Transmittance measurements for ZnO at 190°C
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Fig (5-3-2-6) Band gap measurement of ZnO at 190°C

64



Transimitiance (a.u)

57 <

38 -

19 <

273 312 351 390 429 468 507 546 585
A(nm)

Fig (5-3-2-7) UV/Vis Transmittance measurements for ZnO at 210°C
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Fig (5-3-2-8) Band gap measurement of ZnO at 210°C
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Fig (5-3-2-9) UV/Vis Transmittance measurements for ZnO at 230°C
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Fig (5-3-2-10) Band gap measurement of ZnO at 230°C
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Fig (5-2-2-11) UV/Vis Transmittance measurements for ZnO at 250°C
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Fig (5-3-2-12) Band gap measurement of ZnO at 250°C
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Fig (5-3-2-13) UV/Vis Transmittance measurements for ZnO at 270°C

1.8x10°

1.6x10°
1.4x10°4
1.2x10°

1.0x10°

(@ xE)? (a.u)

8.0x10" 4
6.0x10" 4
4.0x107 4

2010+ E =347 eV

0.0

252 266 280 294 308 322 336 350 364 378
Energy (eV)

Fig (5-3-2-14) Band gap measurement of ZnO at 270°C
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Fig (5-3-2-15) UV/Vis Transmittance measurements for ZnO at 290°C
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Fig (5-3-2-16) Band gap measurement of ZnO at 290°C
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Fig (5-3-2-17) UV/Vis Transmittance measurements for ZnO at 310°C
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Fig (5-3-2-18) Band gap measurement of ZnO at 310°C
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Fig (5-3-2-19) UV/Vis Transmittance measurements for ZnO at 330°C
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Fig (5-3-2-20) Band gap measurement of ZnO at 330°C
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5.3.3 The Results of copper oxide by electric method

Table (5-3-3-1): V versus I at 150°C

V(V)

Fig (5-3-3-1) Band gap measurement of CuO at 150°C

72

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 09 0.063 1.8 0.099 2.7 0.135
0.1 0 1 0.067 1.9 0.103 2.8 0.138
0.2 0 1.1 0.071 2 0.107 29 0.143
03 0 1.2 0.075 2.1 0.111 3 0.146
04 0 1.3 0.079 2.2 0.115 3.1 0.146
0.5 0 1.4 0.083 2.3 0.119 32 0.146
0.6 0 1.5 0.087 24 0.123 33 0.147
0.7 0 1.6 0.09 2.5 0.127 34 0.147
0.8 0.059 1.7 0.095 2.6 0.13 35 0.147
CuO(150°C)

1] (3.000.146)

0.14 —

oz ] - -

ono: ,;"-
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- 006: \\‘1‘.‘
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Table (5-3-3-2): V versus I at 170°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 . 09 0.068 1.8 0.103 2.7 0.136
0.1 ] 1 0.072 1.9 0.106 |2.8 0.140
0.2 ] 1.1 0.072 |2 0.110 |29 0.144
03 . 1.2 0.075 2.1 0.113 3 0.147
0.4 ] 1.3 0.083 2.2 0.118 3.1 0.148
0.5 . 1.4 0.087 |23 0.121 32 0.149
0.6 . 1.5 0.091 2.4 0.125 33 0.150
0.7 . 1.6 0.095 2.5 0.129 |34 0.151
0.8 0.067 1.7 0.099 |26 0.132 |35 0.152
] (3.058,0.148) Cu0 170°C
0.16
4 \.....I
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Fig (5-3-3-2) Band gap measurement of CuO at 170°C
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Table (5-3-3-3): V versus I at 190°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 09 0.074 1.8 0.106 2.7 0.140
0.1 0 1 0.072 1.9 0.110 2.8 0.144
0.2 0 1.1 0.080 2 0.113 2.9 0.148
0.3 0 1.2 0.083 2.1 0.117 3 0.151
04 0 1.3 0.087 2.2 0.121 3.1 0.152
0.5 0 1.4 0.091 2.3 0.125 32 0.153
0.6 0 1.5 0.094 24 0.129 33 0.154
0.7 0 1.6 0.098 2.5 0.133 34 0.155
0.8 0 1.7 0.102 2.6 0.136 35 0.156
_ (2--93,0-161\ Ccuo 190°C
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Fig (5-3-3-3) Band gap measurement of CuO at 190°C
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Table (5-3-3-4): V versus I at 210°C

V/mV | I/mA V/mV | I/mA V/Mv | I/mA V/mV | I/mA
0 0 0.9 0.076 1.8 0.110 |2.7 0.145
0.1 0 1 0.080 1.9 0.114 2.8 0.147
0.2 0 1.1 0.084 |2 0.118 129 0.149
0.3 0 1.2 0.087 | 2.1 0.122 |3 0.150
0.4 0 1.3 0.091 2.2 0.126 | 3.1 0.152
0.5 0 1.4 0.094 |23 0.130 3.2 0.153
0.6 0 1.5 0.098 |24 0.134 |33 0.154
0.7 0 1.6 0.102 |25 0.137 |34 0.155
0.8 0.073 1.7 0.106 |2.6 0.141 3.5 0.156
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Fig (5-3-3-4) Band gap measurement of CuO at 210°C
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Table (5-3-3-5): V versus I at 230°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 09 0.079 1.8 0.114 2.7 0.148
0.1 0 1 0.083 1.9 0.118 2.8 0.154
0.2 0 1.1 0.087 2 0.122 2.9 0.154
0.3 0 1.2 0.091 2.1 0.125 3 0.154
04 0 1.3 0.095 2.2 0.128 3.1 0.155
0.5 0 1.4 0.098 2.3 0.132 32 0.155
0.6 0.002 1.5 0.102 24 0.136 33 0.155
0.7 0.026 1.6 0.107 2.5 0.140 34 0.156
0.8 0.056 1.7 0.110 2.6 0.144 35 0.157
Cu0230°C
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Fig (5-3-3-5) Band gap measurement of CuO at 230°C

V(V)

76




Table (5-3-3-6): V versus I at 250°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 0.9 0.082 1.8 0.117 2.7 0.153
0.1 0 1 0.086 1.9 0.121 2.8 0.158
0.2 0 1.1 0.090 2 0.125 2.9 0.159
0.3 0 1.2 0.094 2.1 0.129 3 0.160
04 0 1.3 0.098 2.2 0.133 3.1 0.161
0.5 0 1.4 0.102 2.3 0.137 3.2 0.162
0.6 0.002 1.5 0.106 24 0.141 3.3 0.163
0.7 0.050 1.6 0.109 2.5 0.144 34 0.164
0.8 0.052 1.7 0.113 2.6 0.149 3.5 0.165
CuO 250°C
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Fig (5-3-3-6) Band gap measurement of CuO at 250°C
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Table (5-3-3-7): V versus I at 270°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA

0 0 0.9 0.066 |1.8 0.119 |2.7 0.153
0.1 0 1 0.089 |19 0.123 2.8 0.156
0.2 0 1.1 0.092 |2 0.127 |29 0.160
0.3 0 1.2 0.096 |2.1 0.131 |3 0.161
0.4 0 1.3 0.100 |22 0.134 | 3.1 0.161
0.5 0 1.4 0.104 |23 0.138 3.2 0.162

0.6 0.002 |1.5 0.107 |24 0.141 |33 0.162

0.7 0.021 1.6 0.111 |25 0.146 |34 0.163

0.8 0.057 1.7 0.115 2.6 0.149 |35 0.163
Cu0 270°C
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Fig (5-3-3-7) Band gap measurement of CuO at 270°C
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Table (5-3-3-8): V versus I at 290°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 09 0.089 1.8 0.122 2.7 0.158
0.1 0 1 0.092 1.9 0.127 2.8 0.162
0.2 0 1.1 0.096 2 0.131 2.9 0.163
0.3 0 1.2 0.100 2.1 0.134 3 0.163
04 0 1.3 0.103 2.2 0.137 3.1 10.64
0.5 0.001 1.4 0.108 2.3 0.142 32 0.164
0.6 0.014 1.5 0.111 24 0.146 33 0.164
0.7 0.036 1.6 0.115 2.5 0.150 34 0.165
0.8 0.062 1.7 0.119 2.6 0.154 35 0.165
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Fig (5-3-3-8) Band gap measurement of CuO at 290°C
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Table (5-3-3-9): V versus I at 310°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA

0 0 0.9 0935 |18 0.125 | 2.7 0.162
0.1 0 1 0.092 |19 0.129 2.8 0.165
0.2 0 1.1 0.093 |2 0.133 |29 0.165
0.3 0 1.2 0.100 | 2.1 0.138 |3 0.165
0.4 0 1.3 0.104 |22 0.142 | 3.1 0.165
0.5 0.001 1.4 0.109 |23 0.146 |3.2 0.166

0.6 0.024 | 1.5 0.113 |24 0.150 |33 0.167

0.7 0.044 |1.6 0.117 |25 0.154 |34 0.168

0.8 0.061 1.7 0.121 2.6 0.158 |3.5 0.169

CuO 310°C
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Fig (5-3-3-9) Band gap measurement of CuO at 310°C
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Table (5-3-3-10): V versus I at 330°C

Fig (5-3-3-10) Band gap measurement of CuO at 330°C
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V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 09 0.097 1.8 0.133 2.7 0.170
0.1 0 1 0.100 1.9 0.137 2.8 0.170
0.2 0 1.1 0.104 2 0.140 29 0.171
03 0 1.2 0.108 2.1 0.144 3 0.171
04 0.002 1.3 0.112 2.2 0.148 3.1 0.171
0.5 0.012 1.4 0.117 2.3 0.152 32 0.172
0.6 0.035 1.5 0.120 24 0.157 33 0.172
0.7 0.055 1.6 0.125 2.5 0.161 34 0.172
0.8 0.079 1.7 0.129 2.6 0.165 35 0.173
CuO 330°C
; (2.6703,0.1677)
0.18_. \ I TTLLLL)
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5.3.4 The Results of zinc oxide by electric method

Table (5-3-4-1): V versus I at 150°C

Fig (5-3-4-1) Band gap measurement of ZnO at 150°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.067 24 0.115 3.6 0.163
0.1 0 1.3 0.072 2.5 0.119 3.7 0.168
0.2 0 1.4 0.075 2.6 0.123 3.8 0.172
0.3 0 1.5 0.078 2.7 0.127 39 0.176
04 0 1.6 0.083 2.8 0.132 4 0.179
0.5 0 1.7 0.087 |29 0.135 |4.1 0.183
0.6 0.045 1.8 0.091 |3 0.138 |4.2 0.189
0.7 0.05 1.9 0.094 |3.1 0.144 |43 0.189
0.8 0.053 |2 0.098 |3.2 0.146 |44 0.19
09 0.058 2.1 0.102 33 0.151 4.5 0.19
1 0.059 |2.2 0.106 |34 0.155 [4.6 0.19
1.1 0.063 |23 0.11 35 0.158 |4.7 0.19
(4.177,0.1872) Zn0 180°C
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0.154 __-".
_. | (0.5875,0.0446) "
< 0104 ._.-'
0.05 4 l--" "
0.00 / T T T T T
0 2 3 4 5




Table (5-3-4-2): V versus I at 170°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.071 24 0.12 3.6 0.167
0.1 0 1.3 0.077 2.5 0.124 3.7 0.174
0.2 0 1.4 0.08 2.6 0.128 |3.8 0.178
0.3 0 1.5 0.085 |2.7 0.134 |39 0.182
0.4 0 1.6 0.089 |2.8 0.137 |4 0.187
0.5 0.008 1.7 0.094 |29 0.141 |4.1 0.192
0.6 0.051 1.8 0.096 |3 0.144 |42 0.192
0.7 0.055 1.9 0.099 |3.1 0.147 |43 0.193
0.8 0.059 2 0.103 32 0.152 4.4 0.193
0.9 0.063 |2.1 0.107 |33 0.157 |45 0.193
1 0.066 |2.2 0.112 |34 0.159 |4.6 0.194
1.1 0.07 2.3 0.117 35 0.163 4.7 0.194
(4.069,0.1906)\ Zno 170°C
0-204 puEEEEE
0.15- ._.-'..
1 (0:5968,0.049) __.-'.
< 010 -
0.05 4 /-"..
0.00 pmmr —
0 1 2 3 4 5
V(V)

Fig (5-3-4-2) Band gap measurement of ZnO at 170°C
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(5-3-4-3): Vversus I at

190°C

0.20

0.15

~ 0.10 4

0.05 4

(3.919,0.1906)

(0.5128,0.0390)_.-"

|

0.00

Fig (5-3-4-3) Band gap measurement of ZnO at 190°C
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V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.07 24 0.124 3.6 0.169
0.1 0 1.3 0.074 2.5 0.127 3.7 0.172
0.2 0 1.4 0.079 2.6 0.132 3.8 0.176
0.3 0 1.5 0.084 |2.7 0.135 |39 0.18

04 0 1.6 0.087 |[2.8 0.138 |4 0.181
0.5 0.04 1.7 0.091 2.9 0.141 4.1 0.182
0.6 0.047 |18 0.095 |3 0.143 |4.2 0.182
0.7 0.05 1.9 0.099 |3.1 0.148 |43 0.182
0.8 0.055 |2 0.103 |[3.2 0.152 |44 0.183
0.9 0.059 |2.1 0.108 |33 0.156 |4.5 0.183
1 0.065 2.2 0.115 34 0.16 4.6 0.183
1.1 0.067 |23 0.119 |3.5 0.165 |4.7 0.184

Zn0 190°C




Table (5-3-4-4): V versus I at 210°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.076 |24 0.126 3.6 0.175
0.1 0 1.3 0.08 2.5 0.129 3.7 0.179
0.2 0 1.4 0.084 |2.6 0.134 |38 0.184
03 0 1.5 0.089 |2.7 0.138 39 0.187
04 0 1.6 0.093 2.8 0.143 4 0.188
0.5 0.031 1.7 0.097 |29 0.146 |4.1 0.188
0.6 0.05 1.8 0.101 3 0.15 4.2 0.188
0.7 0.055 1.9 0.105 3.1 0.154 |43 0.189
0.8 0.059 |2 0.109 32 0.159 |44 0.189
09 0.063 2.1 0.113 33 0.163 4.5 0.189
1 0.067 |2.2 0.117 34 0.167 |4.6 0.19
1.1 0.072 |23 0.122 35 0.171 4.7 0.19
Zn0 210°C
020 (3.902,0.0390) \
0.15 4 __-'..
1 (0.5931,0.0495) _-"..
50.10- __-".
0.05 - ./-"..
0.00 powem, o L
0 1 2 3 4 5
V(V)

Fig (5-3-4-4) Band gap measurement of ZnO at 210°C
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Table (5-3-4-5): V versus I at 320°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.076 24 0.126 3.6 0.175
0.1 0 1.3 0.08 2.5 0.129 3.7 0.179
0.2 0 1.4 0.084 2.6 0.134 3.8 0.184
0.3 0 1.5 0.089 2.7 0.138 39 0.187
04 0 1.6 0.093 2.8 0.143 4 0.188
0.5 0.031 1.7 0.097 2.9 0.146 4.1 0.188
0.6 0.05 1.8 0.101 3 0.15 4.2 0.188
0.7 0.055 1.9 0.105 3.1 0.154 4.3 0.189
0.8 0.059 2 0.109 32 0.159 4.4 0.189
09 0.063 2.1 0.113 33 0.163 4.5 0.189
1 0.067 2.2 0.117 34 0.167 4.6 0.19
1.1 0.072 2.3 0.122 35 0.171 4.7 0.191
Zn0 230°C
020. (3.8158,0.0495)
0.15 - ._-".
(0.5968,0.0595) _-"..
5 0.10 - __-'.
0.05 /..
0.00 —"/- T T T T T T T T
0 1 2 3 4 5
V(V)

Fig (5-3-4-5) Band gap measurement of ZnO at 230°C
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Table (5-3-4-6): V versus I at 250°C

Fig (5-3-4-6) Band gap measurement of ZnO at 250°C
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V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.078 |24 0.131 |[3.6 0.185
0.1 0 1.3 0.082 |25 0.137 |3.7 0.189
0.2 0 1.4 0.086 |[2.6 0.142 |38 0.189
03 0 1.5 0.092 |2.7 0.145 |39 0.19
04 0 1.6 0.096 |[2.8 0.15 4 0.19
0.5 0.027 1.7 0.101 |29 0.155 |4.1 0.19
0.6 0.053 1.8 0.105 |3 0.16 4.2 0.191
0.7 0.056 1.9 0.107 |3.1 0.164 |43 0.191
0.8 0.062 |2 0.116 |3.2 0.168 |44 0.191
09 0.065 |2.1 0.119 |33 0.173 |45 0.192
1 0.07 2.2 0.123 |34 0.178 |4.6 0.192
1.1 0.073 |23 0.127 |3.5 0.183 |4.7 0.192
ZnO 250°C
(3.7106,0.1902)
0.15 4 _-'..
(0.5875,0.0525) ] .-'.
5 0.10 ._-".
0.05 ./
0.00 —"/. T T T T T T
0 1 2 3 4 5
V(V)




Table (5-3-4-7): V versus I at 270°C

Fig (5-3-4-7) Band gap measurement of ZnO at 270°C
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V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.083 |24 0.138 |[3.6 0.188
0.1 0 1.3 0.087 2.5 0.142 3.7 0.189
0.2 0 1.4 0.092 |[2.6 0.146 |[3.8 0.189
0.3 0 1.5 0.096 |2.7 0.151 |39 0.189
04 0 1.6 0.101 2.8 0.155 4 0.19
0.5 0.055 1.7 0.106 2.9 0.16 4.1 0.19
0.6 0.06 1.8 0.109 |3 0.165 |4.2 0.191
0.7 0.064 1.9 0.116 3.1 0.17 4.3 0.191
0.8 0.067 2 0.121 32 0.174 4.4 0.192
09 0.071 2.1 0.125 33 0.178 4.5 0.192
1 0.074 |2.2 0.13 34 0.183 |4.6 0.193
1.1 0.078 |23 0.134 |35 0.187 |4.7 0.193
Zn0 270°C
(3.579,0.1902)
0204
0.15-
(0.5001,0.0537)
S_(t 0.104
0.054
0.00 T T T T
0 2 3 4 5
V(V)




Table (5-3-4-8): V versus I at 290°C

Fig (5-3-4-8) Band gap measurement of ZnO at 290°C
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V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.093 24 0.146 3.6 0.191
0.1 0 1.3 0.098 2.5 0.149 3.7 0.192
0.2 0 14 0.101 2.6 0.155 3.8 0.192
0.3 0 1.5 0.103 2.7 0.16 39 0.192
04 0 1.6 0.108 2.8 0.164 4 0.192
0.5 0.061 1.7 0.114 2.9 0.169 4.1 0.193
0.6 0.066 1.8 0.117 3 0.173 4.2 0.193
0.7 0.071 1.9 0.123 3.1 0.179 4.3 0.193
0.8 0.074 2 0.128 3.2 0.183 4.4 0.193
0.9 0.079 2.1 0.133 33 0.185 4.5 0.194
1 0.083 2.2 0.137 34 0.187 4.6 0.194
1.1 0.09 2.3 0.142 3.5 0.191 4.7 0.194
ZnO 290°C
(3.498,0.1916)
0-201 —
01579 (0.4945,0.060) __.-'.
5 0.10 ...l' -
0.05 4 i
0.00 fmmmm——, : . —
0 1 2 3 4 5
V(V)




Table (5-3-4-9): V versus I at 310°C

V/mV | I/mA V/mV | I/mA V/mV | I/mA V/mV | I/mA
0 0 1.2 0.096 24 0.151 3.6 0.194
0.1 0 1.3 0.099 2.5 0.155 3.7 0.195
0.2 0 1.4 0.104 |2.6 0.16 38 0.195
0.3 0 1.5 0.107 2.7 0.163 39 0.195
04 0.059 1.6 0.112 2.8 0.168 4 0.195
0.5 0.063 1.7 0.119 2.9 0.174 4.1 0.195
0.6 0.068 1.8 0.123 3 0.178 4.2 0.196
0.7 0.073 1.9 0.128 3.1 0.182 4.3 0.196
0.8 0.077 2 0.132 32 0.188 4.4 0.196
09 0.083 2.1 0.137 33 0.192 4.5 0.196
1 0.087 2.2 0.142 34 0.194 4.6 0.197
1.1 0.092 2.3 0.146 35 0.194 4.7 0.197
ZnO 310°C
(3.353,0.1945)
0-20 \n-n-n--n--
0159 (0.411,0.0582) - "
< 0101 _.-"'
0.05 4 "
0.00 pommt i ————
0 1 2 3 4 5
V(V)

Fig (5-3-4-2) Band gap measurement of ZnO at 310°C
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Table (5-3-4-10): V versus I at 330°C

V/mV | I/mA V/mV | I/mA V/Mv | I/mA V/mV | I/mA
0 0 1.2 0.102 24 0.158 3.6 0.202
0.1 0 1.3 0.106 |2.5 0.163 |3.7 0.202
0.2 0 1.4 0.113 2.6 0.169 3.8 0.202
0.3 0 1.5 0.117 2.7 0.174 39 0.203
04 0.065 1.6 0.124 2.8 0.178 4 0.203
0.5 0.068 |1.7 0.128 |29 0.184 |4.1 0.203
0.6 0.073 1.8 0.131 |3 0.189 |4.2 0.204
0.7 0.078 |19 0.134 |3.1 0.193 |43 0.205
0.8 0.083 |2 0.138 |3.2 0.197 |44 0.206
0.9 0.088 |2.1 0.144 |33 0.2 4.5 0.207
1 0.093 |2.2 0.148 |34 0.2 4.6 0.208
1.1 0.097 |23 0.154 |3.5 0.201 |4.7 0.209

0.20

0.15 1

~ 0.10 4

0.05 4

Fig (5-3-4-10) Band gap measurement of ZnO at 330°C

0.00

ZnO 330°C
(3.291,0.2001)
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Table (5-3-4-11) Variation energy gap with temperature (UV-VIS

spectrophotometer)

No Temperature (T °C) | Copper oxide E, Zinc oxide E,
1 150 2.44 3.84
2 170 241 3.75
3 190 2.38 3.67
4 210 2.35 3.59
5 230 2.33 3.55
6 250 2.29 3.51
7 270 2.27 3.47
8 290 2.24 341
9 310 2.22 3.39
10 330 2.19 3.31

Table (5-3-4-12) Variation energy gap with temperature (electric method)

No Temperature (T °C) | Copper oxide E, Zinc oxide E,
1 150 2.199 3.590
2 170 2.142 3.470
3 190 2.104 3.400
4 210 2.080 3.308
5 230 1.931 3.219
6 250 1.911 3.123
7 270 1.870 3.078
8 290 1.796 3.003
9 310 1.784 2.942
10 330 1.760 2.896
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5.4 The Results of copper oxide by four probe method

Table (5-4-1): Variation of voltage with temperature

Temperature(T) Voltage(V) p (Q-cm) T 'x107 Log.p
°C ’K
60 333 47.438 47.438 3.003 1.571
70 343 17.0501 17.0501 29154 1.1266
80 353 7.03602 7.03602 2.8328 0.7422
90 363 3.3390 3.3390 2.7548 0.4185
100 373 1.4126 1.4126 2.6809 0.0449
110 383 0.6109 0.6109 2.6109 -0.3191
120 393 0.2899 0.2899 2.5445 -0.6428
130 403 0.1442 0.1442 24813 -0.946
140 413 0.0715 0.0715 24213 -1.2498
150 423 0.0391 0.0391 2.364 -1.5128

2.0 (3.067,1.867)

15 '

1.0 -

04 -

logp °9 -

-0.9 / d

1.0 '
/ /I/

-1.5 '///l’

3 24 25 2.6 2.7 2.8 2.9 30 341

l103
T

Figure (5-4-1) Variation of p with temperature

From the figure (5-4-1)slope value = 4.812, let this value in equation (4.4.10)

Where: k= 8.6x10° eV
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E, =2x2303x10° x8.6x107° x4.812=1.906eV’

2.5+

2.4
UV-VIS spectrophotometer

2.3 1

2.2 4 '

2.14 .

Eg (eV)
)

2.0 .
\ electric methode
/

1.9 e

1.7 | L L I R N L L A I B N
140 160 180 200 220 240 260 280 300 320 340
T('C)

Fig (5-4-2) relation between temperature and band gab energy of copper oxide

3.8 1
UV-VIS spectrophotometer
3.6 1 \
—~ 3.4 )
S
2
A
3.2 electric method
T
3.0 \.\.
2.8

T T T T T T T T T T T T T T T 1
140 160 180 200 220 240 260 280 300 320 340
T(°C)

Fig (5-4-3) relation between temperature and band gab energy of zinc oxide
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5.5 Discussion

The determined optical band gap values for copper oxide and zinc oxide
are shown in Table (5-3-4-11). The band gaps of films were obtained at different
temperatures ranging from 150°C to 330°C.The values of band gap decrease as
temperature increase. It is very striking to note that this result agrees with equation
(2-6-1) and Fig (2-6-1).The lower band gap of the copper oxide and zinc oxide
samples are at high temperature 330°C where they reached 2.16 eV, 3.31eV

respectively.

The transmittance is min at A =~ 500 nm or 500x10°m corresponding to

photon energy for copper oxide

he 6.6x10* x3x10°"

2 500 x10 °x1.6x10 " ©

he _19.8x10 ~26
A 8 x10 *°

E = =2.475 eV

And also for zinc oxide is min at A = 300 nm or 300x10”m corresponding to

photon energy

he  6.6x10 7 x3x10° .
A 300 x10 ° x1.6x107"

-26
E:hc:19.8><10 _ 4 1eV

A 4.8x10°2

It is very clear that photons of energy having this value are absorbed. This
is not surprising as for as the energy of this photons is just greater than the band

gap. Those having energy less than the band gap E, i.e
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E <2.38 eV for copper oxide E < 3.84eV for zinc oxide

Cannot be absorbedeffectively.

The energy gaps for CuO and ZnO and their variation with temperature
was also found by using simple electrical method by allowing electric current to
pass through samples and measuring the current (in mA)and the corresponding
voltage (in mV). An appropriate number of readings were taken ranging from 40 to
50 readings to assure the constancy of volts at band gaps, the voltage range was
selected to be in the range 0 — 4 volt, since the band gaps are less than 4 eV for

samples, as shown by UV.

It is very striking to note that the band gap obtained for CuO and ZnO in
table (5-3-4-11) and (5-3-4-12) agrees with previous standard values as shown in
sections (3-2) and (3-3).

In view of figs ((5-3-3-1—10),(5-3-4-1—10)) one can easily find the band
gap at the point when increasing voltage does increase the current abruptly. This is
related to the critical value V,, where E,=eV,. The current flow abruptly when
V>V,. This is since the voltage above the value V,, will enable more electron
transfer from valance to conduction band. It is also very striking to note that the
band gap obtained for CuO and ZnO in tables (5-3-4-11),(5-3-4-12) by UV and

electrical method are comparable in magnitude.
5.6 Conclusion

The electrical methods used to find the energy gap utilizes simple
techniques, which give accurate results compared to standard values and UV
technique. The results obtained for ZnO and CuO can easily be used for any

semiconductor.

96



5.7 Recommendation

1- The electric method for determining band gap needs more investigation
where one can add impurities to a certain sample to see how it can change
graph shape by increasing abrupt current change edges.

2- The empirical relation which shows variation of E, with temperature needs
to be theoretical foundation.

3- The CuO and ZnO need to be doped with impurities to study their effect on

their optical properties.
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