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Abstract

In this paper, Nano crystalline TiO, and CuO additive TiO, thin films were
successfully deposited on suitably cleaned glass substrate at constant room
temperature, and different concentration of CuO (0,5,10,15,20)% wt using pulse
laser deposition(PLD) technique at a constant deposition parameter such as : (pulse
Nd:YAG laser with A=1064 nm, constant energy 800 mJ ,with repetition rate 6 Hz
and No. of pulse (500).The films were annealed at different annealing temperatures
423K and 523 K. Effect of annealing on the morphological and electrical were
studied. Surface morphology of the thin films has been studied by using atomic force
microscopes (AFM). AFM measurements confirmed that the films have good
crystalline and homogeneous surface. The Root Mean Square (RMS) values of thin
films surface roughness are increased with the increase of annealing temperature.
Also, The grain size increases with the increasing of concentration of CuO and
annealing. The temperature dependence of the electrical conductivity and the
activation energy at temperature ranging from (293-473)K of the as-deposited and
films annealed at different annealing temperatures have been studied. The results
show that as the film concentration of CuO and conductivity increases, while the
activation energy(Ea,,Ea,) decreases. Both, the annealing and composition effects on
Hall constant, Ry, charge carrier concentration (Ny), Hall mobility. Hall Effect are
studied. Hall Effect measurements show that all films have n- type charge carriers
and the concentration and annealing increases carriers concentration while the
mobility decreases .
Keywords: TiO,, pulse laser deposition technique, Morphology, Electrical
properties.

A Al Sl ol i) g gedanad) Al 2 gaks Al 3 (o Cpalill o ) Al Al
v i Ay B uaaall 4 gl ca€ ) culd 4 93N (alail) daa gy dandaall o gailiiil)
PLD (pasill )5l

—sdadAl)

895

https://doi.org/10.30684/etj.33.5B.14
2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



mailto:nohaharb2009@yahoo.com**
https://doi.org/10.30684/etj.33.5B.14

. &Tech.Journal, Vol.33, Part (B), No.5 2015 Effect of additive of CuO and annealing on the
Morphological and Electrical Properties
of TiO, by pulse laser deposition

dabhie dnlay Gl ) e (CuO) sl Aazdadll (TIO7 ) 3ale oy sl 124 4
CUO (0,0.5,0.1,0.15,0.2) Wi%6 s:le (sa Adlida 3 jisg &6 ,all 5l ym Ay canlia JSi
G i Glaleay panill @l o grenill ) 5 aladiuly (PLD) (i) ) 5alll cus 5 403 48y Hhay
2we OS5 BHz LSS Jars, 800mM ALl ddlk xie 1064nM el Jshll a5 a3l
il slatind 5.(423K , 523) Kiiliae 5,5 a sy cuidl 35 (500) ediiosal ciliagl)
)@;Ae\mhclaﬁd\u\)c};bm\)ae_\ AL Hes) ua.aha;!\JcL‘A\m\)c}da(_;c Cpail)
PRI PN EX sk ol L a2 Gl (AFM) Gaslie @S) (AFM) 40300 s 8l
o.ﬁ\_\).a u}.:;“ (‘;;; c.JL}) La.}\) o)\); ‘\AJJ o.J\_a).\ J\.J).a 4_\}.;»;“) ‘U.\S)j\ m:;).‘ (RMS)
Sle adlida s ) a Gla A yiall e)»ﬂ).la)\_);j\A;JJJ:\JLJ;MJALAS_U:\JM\)CUO :):\S).\
Llua gl 80k ) Aagmill i€, (473-293)k Wl I8 il 5 Japlistl) Al ‘5314)45}\ Jra 5ill
Q\):\SU Gy, aJ\):J\ k_lLAJJ) Cuosl ).\S\).\ aJLlJ & L.\.Jx.\ﬂ\ :GLL L\E} ‘&.\.\L\_)gﬂ\
O oo 3y ASail o(Npy) Asdll cE 585 Ry ¢ dsa i Lo cpalill 5 Gos )
Loty a8l ChBlala ol 35 alualill ¢ 38 il 3ol g n bl &)J\UAMMu)uL;L@Je)aY\
A jal) LS (as
aibadlle 44l je gahallc il Hallh e il xS o gilill auS o) AU Bk pal) Cilalsl)

Al sl
INTRODUCTION
ano materials are now become available and useful in all the man daily life
applications such as in: medicine, solar cells, water purification,
pharmaceutical and catalysts [1].

TiO, is a multifunctional material with remarkable chemical, electronic, and
optical properties. TiO, membranes have been extensively studied because of their
potential for application as antireflective and protective coatings for optical elements
[2], filters [3] photo catalyst [4], dielectrics in thin-film capacitors, and solar cells[5].
Crystalline (TiO,) occurs in three different structures: rutile (tetragonal), anatase
(tetragonal) and brookite (orthorhombic) [6] . The anatase phase is especially
adequate for those applications due to its crystal structure and its higher band gap of
3.2 eV compared to the 3 eV in rutile [7] .

Copper (1) oxide has application as a p-and n-type semiconductor, because it has a
narrow band gap of 1.2 eV [8]. It is an abrasive used to polish optical equipment,
produce dry cell batteries, wet cell batteries as the cathode, etc. [9]. It has been widely
used for growing oxide films because of the simplest and low cost method needed to
grow oxide films, also it allows for stoichiometry of the synthesized material. PLD
technique was successfully applied for growing quality Tio,:Cuo thin films. In this
paper, the effect of the concentration and thermal annealing on the structure and
electrical properties of TiO,:CuO thin film deposited by (PLD) technique is studied.
The (PLD) pulse laser deposition technique was used because of its simplicity and
relative cost[10]. In recent years, many studies on the co-doping effect of transition
metal and non-metal elements have been carried out and have given considerable
enhancements on visible light absorption and photocatalytic properties of TiO, [11].
simulated the co-doping process of C-Cr and C—Mo. The results showed that the
energy band gap of the material decreased depending on the metal and non-metal ion
pairs. In the case of co-doping of C—-Mo and C-Cr pairs the TiO, band gap can be
reduced by 0.9 and 1.2 eV, respectively. Many experimental studies on the modified
TiO, by co-doping C, Mo and Bo have also been carried out and reported [12].
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Experimental
TiO,: CuO nanoparticles growth

During this work pulse laser deposition (PLD) is used to prepare TiO,:CuO
nanoparticle’s. Using the Nd: YAG Laser for the deposition , the targets were ablated
with a laser of wavelength A= 1064nm and no. of shot (500) at a repetition rate of 6
Hz and energy pulse 800mJ and Ti0,(99.99%) and Cu0(99.999%) targets were
pressed under 5 ton to prepared the pellet which were sintered to temperature 973K
for 1hour.The distance between the target and the substrate was set to 10 cm. Thermal
annealing at 423K and 523 K under vacuum of 3 x 107 m Torr The annealing
vacuum oven were utilized for an one hour to anneal the thin film using glass slides
substrate of 3 x 2 cm? area. The glass slides were cleaned with dilated water using
ultrasonic process for 15 minute to deposit the films. Also work mask is a piece of
aluminum foil having (width: 2mm, distance between electrodes 2mm) with the same
size of the substrate.

These masks are put on glass substrates to deposit the aluminum using (Tungsten
W) boat material by using vacuum thermal evaporation technique of type (Balzers-
BAE370) under pressure (10° mbar). Various shapes of masks were used to
determine electrical properties as shown in fig (1). The effect of annealing
temperatures and concentration on morphological the electrical properties such as Dc
conductivity and Hall measurements were studied for TiO,:CuO thin films.

Vv J
b 4

(a) (b)

Figure (1) Masks of different shapes and purposes. (a) D.C conductivity
electrodes. (b) Hall effect electrodes.

Theoretical calculation

The D. C conductivity in crystalline semiconductors depends on the presence of
free electrons and free positive holes. The conductivity (c ) of TiO, samples are
obtained via using equation[13] :
G=q(nptn+PH,) (1)

results obtained from Hall effect which indicate that the pure TiO, and TO,:Cuo thin
films were ( n-type ), The hall coefficient (Ry) is determined by measuring the Hall
voltage that generates the Hall field across the sample of thickness (t), by[14]:
Ru=(Vu/D)(/B) ...(2)
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where | is the current in A passing through the sample, t is the thickness of the film in
cm and B is the magnetic field strength
The ny and Ry was calculated by using the the relation[15].

nH=(-1\qR ) for electron ....(3)

Hall's mobility (M) can be written in the form[16]

Mp=o/n.q 4
Where q is the charge of electron and py is Hall mobility measured with (cm?%V.s)

Results and discussion
atomic force microscopy (AFM)
Figure (2,3 and 4) shows the AFM images for TiO,:CuO thin films deposited on

glass substrate at RT and different annealing temperatures 423K and 523 K, with
thickness 250 = nm. Average grain size ,surface roughness, Root mean square
values were listed in Table (1). From the topographic images, The RMS roughness
increased with increasing annealing temperatures, and the average grain size
increases with increasing of T, and concentrations, This improvement occurs because
after the annealing process. The increase in roughness is due to the existing of larger
grain size of nanostructured of TiO,:CuO thin film,also the film species at high
temperatures have enough kinetic energy to collide strongly with each other and
simultaneously re-evaporate because of the low melting point of CuO compared to
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the temperature of the PLD plume.

Figure (2) AFM images of the TiO,:CuO thin film at RT and different concentration
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Figure (3) AFM images of the TiO2:CuO thin film at 423k and different

concentration
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Cun=5%

Cun=15%

Figure (4) AFM images of the TiO,:CuO thin film at 523k and different
concentration
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Table(1)AFM parameters of TiO,:CuO thin film.

Cu0% | Annealing Roughness Rotmean Average grain
Wt (nm) square (nm) size (nm)
RT 3.76 4.46 85.42
0 423k 4.42 5.05 93
523k 16.7 19.3 96.22
RT 2.15 2.46 88.78
5 423k 2.21 2.61 98.98
523k 2.65 3.16 99.79
RT 1.95 1.7 90.72
10 423k 2.77 3.33 93.97
523k 10.6 12.2 95.76
RT 2.21 1.91 94.06
15 423k 2.21 2.61 95.77
523k 2.31 2.82 98.22
RT 2.85 3.3 92.98
20 423k 4.89 5.61 98.77
523k 4.99 5.64 98.81

DC Conductivity

Figure’s (5 - a,b and c) shows the variation of d.c. conductivity for pure and doped
TiO, with different CuO concentration at the average thickness (250) nm. There are
two stages of d.c conductivity mechanism throughout the temperature range (293-
473K).The first activation energy (Ea;) occurs at higher temperature (293-373K) due
to conduction of the carrier excited into the extended states beyond the mobility edge
and the second activation energy( E.,) occurs at low temperature (373-473K) due to
the carriers transport to localized states near the valence and conduction bands.
Whereas the values of E,; and E,, decrease with the increasing of content of CuO%
as in Table (2) and figure (6) and figure (7) but with slight change at all annealing
temperature, we conclude the increasing in CuO content leads to decrease in
activation energy leading to saturate the dangling bonds, i.e. there is reduction in the
density of state which occurs at Fermi level which caused to the transfer from
conductivity near Fermi level to the thermal activation conductivity at band gap .

Figure (8)show that the conductivity increases with increasing the temperature, It
this may be due to the reason where after annealing process, the good crystallinity
and nanostructure surface area obtained after the
annealing and it promises much surface for electron passes through from one grain to
another grain within the TiO,:CuO thin film. Table (2) demonstrates that as the film
concentration of CuO and conductivity increases, while the activation energy(Ea1,Ez»)
decreases .This increases in the conductivity can be attributed to the increase in the
density of charge carriers due to the decrease of energy gap values .
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Figure (5-a,b and ¢) Variation of Ln( 6) with reciprocal temperatures for
TiO,:CuO thin films at (300,423,523)k with at different Cuo dopant
ratio(o,5,10,15,20)wt% .
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Figure (6) Variation of DC activation energies E,; with CuO dopant ratio TiO,
films with different annealing temperature.
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Figure (7) Variation of DC activation energies E,, with CuO dopant ratio TiO,
films with different annealing temperature.
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Figure (8) Variation of DC Conductivity at room temperature with CuO dopant
ratio TiO, films and different annealing temperature.
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Table (2): D.C conductivity parameters for TiO,:CuO thin films at different
concentration of CuO doped and different annealing temperature

T, Cuo% | FergXl0 Ea Ea

(K) wt (©Q.om)™ (eV) (eV)

0 9.01E-02 | 0.0233 0.1011

5 1.21E-01 | 0.0208 0.1001

RT 10 1.45E-01 0.0203 0.0862
15 2.29E-01 0.0199 0.0843

20 2.67E-01 0.0175 0.0817

0 1.26E-01 | 0.0200 0.0910

5 1.52E-01 | 0.0186 0.0909

423 10 1.71E-01 |0.0182 | 0.0816
15 2.27E-01 0.0176 0.0809

20 3.02E-01 0.0149 0.0807

0 1.45E-01 | 0.0143 0.0904

5 1.67E-01 | 0.0137 0.0873

523 10 2.25E-01 0.0115 0.0790
15 4.04E-01 | 0.0104 0.0798

20 7.45E-01 0.0083 0.0786

Hall Effect

From the Hall Effect measurements, the resistivity (p), Ccharge carrier concentration
(Ny) and carrier Hall mobility () values were calculated and is given in table (3).
Figure (9) observed that the carries concentration decreases with increase of
annealing temperature due to improving the crystallite size, and the recrystallization
occurring due this treatment leads to a growth of the main crystallite size. It is also
figure(10) found that the mobility decreased sharply with the increasing concentration
of CuO due to increase the carriers concentration. This is typical of many
polycrystalline thin films and is due to the existence of potential barriers in the grain

boundaries.
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Figure (9) Variation of carrier concentration (n) with dopant ration for different
annealing temperature.
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Figure (10)Variation of mobility (ny ) with dopant ration for different annealing
temperature.
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Table (3) Hall measurement of Tio,:Cuo thin films prepared at different Cuo
dopant ration and different annealing temperature.

Ta (K) o P nw B RH
clere (Q'%'.Iel) 1 (em®)*10™ | (cm?.v*'.st) *103 | *10° type
0 1.496 0.115 5.956 5.601 n
5 1.660 0.2423 4.454 2.579 n
RT 10 2.320 0.468 3.851 1.335 n
15 2.428 0.4792 2.839 1.304 n
20 3.431 0.5346 1.377 1.169 n
0 1.642 0.092 6.491 6.786 n
5 1.942 0.179 5.863 3.481 n
423 10 2.421 0.225 4,151 2.771 n
15 2.640 0.468 3.769 1.334 n
20 3.701 0.475 2.148 1.317 n
0 1.945 0.08 7.754 7.185 n
593 5 2.126 0.175 5.96 3.569 n
10 2.732 0.194 4.251 3.22 n
15 3.511 0.2833 4.15 2.206 n
20 4,161 0.4095 3.213 1.526 n
Conclusion

Nanoparticles of TiO,:CuO were grown by PLD technique from the synthesize
pellete at different concentration of CuO at substrate temperature (300,423,523)k.
The morphology, roughness and grain size were investigated by atomic force
microscopy (AFM). The result obtained of AFM showed the average grain size less
than100nm, The RMS roughness also increased with increasing annealing
temperatures. The electrical conductivity and Hall effect were measured for films
with average thickness (250) nm. The analysis of the d.c. conductivity There are two
stages of d.c conductivity mechanism throughout the temperature range (293-473K)
decreases while conductivity increases with concentration of Cuo and annealing .
also from Hall Effect measurements show that all films have n- type charge carriers
and the concentration and annealing increases carriers concentration while the
mobility decreases .
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