IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

The Effect of Laser Energy on the Rate of

Influence of Laser Pulse Energy on The Electrical " Corrosion for Ni46-Ti50-Gus4 Shape
Memory Alloy

Properties of Cu,0 Nanoparticles Prepared by Abeer R Abbas, Kadhim A Hubeatr and

Kadhim K Resan

Laser I nd UCe Plasma - A Critical Review of Recent Research of

Eree Vibration and Stability of Functionally
Graded Materials of Sandwich Plate

To cite this article: R H Al-Shammari et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 454 012047 Emad Kadum Njim, Muhannad Al-Waily
and Sadeq H Bakhy

- A Review Study for Measurement

Analysis and Evaluation Four Bar
) ) ] Polycentric Knee
View the article online for updates and enhancements. Firas Thair Al-Maliky and Jumaa Salman
Chiad

@ Sy DISCOVER
AN _ SO how sustainability
The vi : intersects with
Electrochemical &

Society

Advancing solid state &
electrochemical science & technology

[ & 8l

This content was downloaded from IP address 18.220.137.164 on 04/05/2024 at 21:20


https://doi.org/10.1088/1757-899X/454/1/012047
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012135
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012135
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012135
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012081
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012081
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012081
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012113
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012113
https://iopscience.iop.org/article/10.1088/1757-899X/1094/1/012113
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssaFpwcM7gKs63bjiWU7R0mJRhQrote5vqzf2nVQMfb6Y28_dBjMfFxBbNVwx2LYCNLcaRbWOXlUSjXi222eXJ5eGJ3T5X0rJnu5l9O3It8iosRXsiSS9pYNyTdLFXMpbFyWyW4-WJHMmUPolfxjNxX2HxVhF0vKmlA9I47tN-4NN-ScaEk-o_eFV68hFt2rnoGE5N305qK2N3spqragAf9pQs8HCI01N9uTbt4tOOdgIt918PTchyIV4LIa9jj8O04ifUAAbmy0KR0enhhBi1qJFZGAQKrp_QG6wGjSUozlxi-tvsI0ttkNAngYKPdRaVwQsbdEQNFnFPh9vsB-Cw1DO5wpQ&sig=Cg0ArKJSzHrSjFRK9NqK&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

International Conference on Materials Engineering and Science IOP Publishing
IOP Conf. Series: Materials Science and Engineering 454 (2018) 012047 doi:10.1088/1757-899X/454/1/012047

Influence of Laser Pulse Energy on The Electrical Properties
of Cu,O Nanoparticles Prepared by Laser Induce Plasma

R H Al-Shammari', A A Al-Shammari'and K A Aadim’

'Department of Physics, College of Education, University of Almustansiriya,
Baghdad, Iraq

*Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq
'E-mail: radia_198426@yahoo.com

*E-mail: kadhim adem@scbaghdad.edu.iq

Abstract. In this work, copper oxide films (Cu,O) were grown using laser ablation from
Nd:YAG laser with a wavelength of 1064 nm in vacuum. Electrical properties of the
nanoparticles were investigated as a function of the laser pulse energies, including (600 -900)
mJ and annealing temperature was varied at (473,573 and 673)k. Hall Effect measurement was
used to determine the electrical mobility, carrier concentration, conductivity and majority of
electrical carriers.

Keywords: Thin films, Pulsed Ilaser deposition, Cu,O, electric Properties,
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1. Introduction

Pulsed laser deposition (PLD) ranks as one of the most successful technique, due to its high
controllability, relatively modest costs, and flexibility [1]. Laser ablation has been used to grow thin
films of many deferent materials in the process commonly referred to as pulsed laser deposition
(PLD). Congruent evaporation inherent to PLD, maintaining the stoichiometry of a multi element
target in the growing thin film, has led to considerable success in the manufacture of high-Tc
superconducting thin films [2].

Copper oxide is a promising non-toxic and low cost semiconductor with potential applications in
photovoltaic devices and sensor applications [3, 4]. There are two stable copper oxide phases
according to oxygen composition. One is cupric oxide (CuO) which has a monoclinic phase; the other
one is cuprous oxide (Cu,O) and has a cubic phase [5, 6]. Due to copper oxides potential applications,
such as, in solar cells [7], catalysis [8], and magnetic devices [9], much attention has been attracted.

The Hall Effect is used to investigate the behavior of charge transport in metal and semiconductor
substrates when a combination of a magnetic field and an electric field called Lorenz force is applied
to the substrate in a perpendicular direction. Additionally, Hall Effect measurement can be used to
distinguish whether the type of semiconductor is n-type or p-type [10]. The magnetic field and the
charge q provide the force on a particle which can be mentioned as the cross product of velocity and
magnetic field those are perpendicular to the force vector as shown in equation 1[10].

F = (q0)%(B) (1)

Equation 1 shows that the Lorenz force F relies on the charge of the particle g, and the velocity of the
particle v due to the presence of an Electric field E and a magnetic field B.[10]
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F = q(E + 5%B) )
Where, F is Lorenz force
qis electric charge of particle (1.602x10™° C)

E Ts electric field
V Is velocity of the particle
B Is magnetic field

When a magnetic field and a constant current source applied are known, Hall voltage can be calculated
by using equation 3[10]

IB
Vi = o 3)
Where, I = current
B=magnetic field
d = sample thickness

g= electric charge of a particle

On the other hand, the multiplication of n and d can be mentioned as ny(layer density). Therefore,[10]

IB
= 4
a/Vu/ “)
From the above equation nilayer density of charge carriers of a semiconductor can be calculated by
using the measured Hall voltage Vi and given values of I, B and q.

ngp

Moreover, Hall mobility can be calculated using the sheet resistance value,[10]

_Vu
N rsiB (5)

Where, u = Hall mobility, Rs=sheet resistance.

In this work for the first time, the effect changing the laser energy and annealing temperature on the
electrical properties of the prepared Cu,O NPs thin films were investigated by Hall Effect and active
energy measurement.

2. Experimental

The target of the deposition was copper oxide of 99.7% purity where a sample was taken and
measured weighing up to (2g) and was pressed by the hydraulic piston and gets the material in tablet
where the target is bombed by PLD. The PLD periment was carried out under vacuum pressure of (10
> mbar by using Varian DS219 Rotary pump) for this pressure's sufficiency to oxidize product
Cu,0The beam of Nd:YAG laser with fundamental harmonic frequency (A = 1064 nm, 10 ns, 6 Hz)
was focused onto Cu,o target with quartz lens (f = 10 cm), The substrate distance from the target was
glass. The PLD experiment was performed at room temperature and the as grown samples were
annealed after deposition. PLD setup scheme has been shown in Figuerl. All Cu,O films were
deposited on glass microscope slides which were cleaned well with ultrasonic path. The Cu,o target
was ablated by 500 pulses. The laser pulse energy was varied in the range (600-900) mJ with
increment 100 mJ in each step. Finally, the Cu,O thin film the resistivity of Cu,o films is measured by
DC measurements after depositing metal electrodes (Al) on the samples using appropriate masks. The
method comprises a temperature controller oven. The films glass samples are heated in the oven from
room temperature up to 150°C with step of 10°C by using the electrical circuit, Electrical resistance is
then measured directly for all steps with digital electrometer and Measurement of hall effect of Cu,O
film where Type of Hall Measurement System is Ecopia HMS-3000.
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Nd:YAG laser
wavelength=1064 nm
under vacuum

Figurel.Schematic diagram of PLD experiment with A=(1064nm).

3. Results and discussion

Hall Effect measurement was used to determine the electrical mobility, carrier concentration, conductivity
and majority of electrical carrier's type for thin films at different annealing temperatures and at different
energy pulse laser.

Table 1 show's that all films were p-type.. This result has a good agreement with [11]. The carrier
mobility increases with increase of annealing temperatures to 300K, 473K and 573K. Then, conductivity
increases with increase of annealing temperatures to 300 K, 473K. it was found that the conductivity at
573K is high, due to the change of mixed phase (CuO and Cu,0), as the material behaved previously in [11]
.while the carrier concentration is small in the stable state and increases in status mix phase. The carrier
mobility, conductivity and carrier concentration increased with increasing the laser pulse energy as shown
in table 1 below. Where electrical properties have been improved effect by annealing This result has
a good agreement with[15].

Table 1. Hall measurements for thin film cu,o at different annealing temperature and different energy pulse

laser
Sample orr (Q'.cm™) Ry ((62) n (cm™) *10" wy (cm*/v.s)
*10
RT 2.148*107 2.865 2.18 61.55
Annealing 473K 9.340*10° 1.360 4.5 1.27*10°
573 K 2.390%107 1.309 477 3.130%10°
673 K 1.192%107 6.66 0.93 7.94%10?
Energy of  600m; 2.102%107 195 0.0032 0.4101
plus laser 700mj 2.294%107 67.30 0.0092 15.1
800mj 2.32%107 9.399 0.066 218.1
900mj 1.192%10™ 6.669 0.093 794.7

Figure 2 illustrates the relationship between resistivity with inverse laser pulse energy.
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Figure 2. Variation of Ln (o) with temperature for Cu,O films deposited at various energy
pulse laser
Through the figure, we observe that the relation between variation of Ln (c) and annealing
temperature is proportional for Cu,O thin films. Except for sample at 573K that shows similar
behavior to carrier concentration due to phase mixing.,
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Figure 3. Variation of Ln (o) with temperature for Cu,O films with different annealing
temperature

From Hall Effect measurements, when increasing the laser energy, both the conductivity and
number of charge carriers increase due to the change in energy gap Resulting from a phase
change due to increased laser energy and heat as behaved in paper [14]

Figure 4 illustrates the relationship between activation energy with inverse laser pulse energy.
We observe a decrease in the activation energy while increasing the laser energy, which
improves the electrical properties of Cu,O thin film.
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Figure4. Variation of DC activation energies for thin films with different energy pulse laser

Figure 5 illustrates the relationship between activation energy with different annealing
temperature, we observe a decrease in activation energy while increasing the annealing
temperature. But, at 573 K the behavior changes inversely because of the mixed phase as
shown in [12], which has a low activation energy. This goes in a good agreement with the
previous reports of Jundale et al [13], where increasing annealing temperature increasing
activation energy.
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FigureS. Variation of DC activation energies for thin films with different annealing
temperature.

Table 2. DC activation energies, their ranges and conductivity at room temperature for different
energy pulse laser.

Laser energy E.i (eV) Range (K) En (V) Range (K) orr (Q'em™
(mJ)

600 0.335 293-343 0.505 343-423 4.43E-06
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700 0.322 293-343 0.507 343-423 8.66E-06
800 0.296 293-343 0.406 343-423 2.08E-05
900 0.271 293-343 0.391 343-423 8.30E-05

Table 3. DC activation energies, their ranges and conductivity at room temperature for
Different annealing temperature

T (K) E.i (eV) Range (K) Ex (eV) Range (K)  ogr (Q'cm™
RT 0.271 293-343 0.391 343-423 8.30E-05
473 0.260 293-343 0.361 343-423 2.38E-04
573 0.258 293-343 0.342 343-423 5.39E-03
673 0.297 293-343 0.423 343-423 1.68E-03

4. Conclusion

In this work Copper oxide thin films have been successfully deposited by pulse laser
technique on the glass substrate with different temperatures and different energy pulse laser
.when annealing at473K has cuprous oxide (Cu,O) phase whereas the films annealing at 573
have mixed phase of CuO and Cu,O.The Hall Effect studies confirmed that all the deposited
films were p - type in nature. Low resistivity (p) 0.418 x 10 2Q cm is reported for the mixed
phase copper oxide film deposited at 573K.Where the characteristics of Cu,O films improved
their electrical properties through rapid thermal annealing csanging the pulse laser energy
effects the resistivity from 47.57 10° Q cm to 8.3 10° Q cm.
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