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Abstract:

Our work consists in depositing the copper oxide Fe
doped CuO films by spray obtained from the
solution of copper chloride CuCl, and FeCl; with a
percentage of 2, 4; 6 and 8%, on glass substrates at
a temperature of 350°%. The thin films obtained are
characterized by X-ray diffraction, visible UV
spectroscopy and the four-point technique.

With X-ray diffraction, high peak intensity is
obtained for the preferential orientations of (002)
and (111), this intensity increases as the doping rate
increases and gives us a more crystalline structure
for a doping rate of 8%, also a grain size were
estimated. The transmission of our films varies
between 55% and 75% with a high absorption in the
visible domain, the resistivity of our films increase
with the increase of doping rate and the gap energy
varies between 4.00 and 1.47 eV.
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I. INTRODUCTION:

Copper oxide CuO is a semiconductor material that
is part of the transparent and conductive oxides
(TCO), it has interesting electronic, electrical and
optical properties for optoelectronic applications
especially in the photovoltaic field. The band
energy gap is of direct nature, the value of its
optical gap is around 2.1 eV [1].

Copper oxides are used in several areas such as: gas
sensors [2-6], solar cells [7-9] and light-emitting
diodes[10].

The CuO films can be developed by several
techniques such as: cathodic spray, laser ablation
[11] and vacuum evaporation [12], chemical vapour
deposition [12], sol-gel [13] and pyrolysis spray
method [14, 15].
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Our job is to obtain thin films of Fe doped CuO by
spray spray. Our glass substrates are heated to a
temperature of 350°C, the solution used in our work
is copper chloride CuCl, molarity of 0.1M as
precursor and Fer chloride feCl, molarity of 0.1 M
as dopant.

The study of the physical properties of our films
was carried out according to the growth of the grain
size and optical gap being that the copper oxide is
one of the TCO used (transparent and conductive
oxides), the growth rate corresponding to optimal

resistivity will be sought.

I1. Experimental procedure:

Fe-doped CuO copper oxide films were obtained
from CuCl> copper chloride and fer chloride with a
molarity of 0.1 M, our 1*1 cm? glass substrates
were heated to a temperature of 350° C, These films
are deposited by continuous spray for different
doping rates.

The crystalline structure was evaluated using a
PhilipsX'Pert diffractometer with radiation (A = 1.54
AP, which scans between 30° and 70°. The optical
transmission spectra were recorded with UV-
Visible in the wavelength range 400-1000 nm.
Electrical resistivity was measured with the four

points.

I11. Results and discussion:
I11.1. Thickness measurement:
The thickness is measured using the surface

profilometer, our calculated thickness is 762 nm.
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I11.2. Structural properties XRD:

The comparison of the data with the references of
the JCPDS file (card N=° 45-0937) confirmed the
cassiterite structure (monoclinic structure) of our
films. The CuO phase was obtained around 26=
36.43°% 38.51° 42.5° 47.33° 56.58° 60.77°, and
64.13% which corresponds respectively to plans
(002), (111), (-202), (020), (202), (-113), and (-
311). (Figure 1).
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Fig 1. XRD patterns of Fe doped CuO thin films
deposited using different doping rate.

The diffraction spectra show that our material has a
poly crystalline structure. In all these films there are
two preferential directions in the directions (002)
and (111) the latter which is the most intense. The
intensity of these two peaks increases with the
increase in doping rate (Figure 2). A careful
analysis of the diffraction patterns shows that there
is no trace of iron related phase for all Fe-doped

CuO compositions. This indicates that Fe ions were
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successfully doped into the lattice of Cu sites
without affecting the crystal structure of the parent
CuO matrix.
The grain size of the most intense orientation (002)
and the internal stress are calculated using the
following formulas [16-17]:

092

" w.cosO

w.cosO
4

E =

A is the wavelength of the incident X-ray beam.
w: is the width halfway up the diffraction line.

In Figure 3 we notice that average crystallite size

decreases with increasing in Fe doping ratio
indicating a small deterioration in the
films’crystallinity.
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Fig.2. Variation of the (002) and (111) oriented

crystallite size as a function of the doping rate
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Fig.3. Variation crystallite size and the crystal strain as a

function of the doping rate.

I11.4. Optical properties:

Figure 4 shows the optical spectrum transmittance
of the Fe doped copper oxide films between 400
and 1000 nm.
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Fig.4. UV-visible transmittance spectra of the deposited
Fe doped CuO thin films. (Inset: Variation of means

transmittance as a function of the doping rate).

In the spectra of our films we distinguish two
regions, a region of high transmission between 800

and 1000 nm, the transmission factor varies
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between 55% and 75%. And another region in the
visible high absorption from which the absorption

coefficient a is calculated from the formula of Beer

Lambert [18-19] :

—ad

e -»a=——=InT

With: a is the coefficient of absorption and d the
thickness of our films.

The gap energy will be calculated from the
relationship [20-21]:

(ah®)? = A (RO — E,)

A: is a reflectant constant of degree of disorder of
the amorphous solid structure, a: is the absorption
coefficient (dependent on wavelength), and E is gap
energy in eV. We represent the gap energy as a
function of the doping rate (Figure 5). The results
revealed that with increase in Fe doping amount, an
increase in the transmittance was observed, it is

around 75 % in the visible wavelength zone.
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Fig.5. Plot of (aE)? as a function of the photon energy E.
(Inset: Variation of the band gap energy Eg as a function

of the doping rate).

I11.5. Electrical properties:

The resistance of our obtained films is measured by

the four points. The value of the resistivity p is
. AV
related to the measurement of the ratio R

according to the expression [22-26] :

AVnd_

P=T g~ Red

Where: d: film thickness of the material, Rs: surface
resistance.

In Figure 6 we note that the resistivity of our films
increases with the increase of the doping rate, this
evaluation could be attributed to the increase of

grain boundaries (Figure 6).
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Fig.6. Resistivity of the deposited films Fe doped
CuO

1VV. Conclusion :

In this work, the Fe doped CuO thin films deposited
with copper chloride were synthesized using a spray
pyrolysis technique. We studied the influence of
doping rate of Fe on the physical properties of our
films, XRD results revealed that the prepared films
had a polycrystalline nature. The incorporation of
Fe did not change the monoclinic structure of CuO.
The optical transmittance for the samples was
below 75 %. The absorption band decrease with
The

measurements show that the resistivity increases

increasing in doping rate. resistivity

with increasing Fe concentration.

ISBN: 978-9931-9728-1-5

454

Micro and Nanoelectronics

References

[1] B. Balamurugan, B.R. Mehta, "Optical and
Structural Properties of Nanocrystalline Copper
Oxide Thin Films Prepared by Activated Reactive
Evaporation”, Thin Solid Films, Vol. 396 ,pp. (90-
96), (2001).

[2] R. Lange, "Photoelements and their
Applications”, Reinhold Publishing Co, New York
,(1939).

[3]. S. Seung-Deok, J. Yun-Ho, L. Seung-Hun, S.
Hyun-Woo, K. Dong Wan, Nano scale Res. Lett. 6,
2 (2011).

[4]. Y. Jiang, S. Decker, C. Mohs, K. J. Klabunde,
J. Catal. 180, 24 (1998).

[5] A. Chowdhuri, V. Gupta, K. Sreenivas, R.
Kumar, S. Mozumdar, P.K. Patanjali, Appl. Phys.
Lett. 84 (2004) 1180-1182.

[6] N. D. Hoa, S. Y. An, N. D. Dung, N. V. Quy, D.
Kim," Synthesis of p-type Semiconducting Cupric
Oxide Thin Films and Their Application to
hydrogen detection”, Sensors and Actuators B:
Chemical,Vol.146,No.1, pp.(239-244),(2010).

[7] E. R. Kari, K. S. Brown, Choi, Electrochemical
synthesis and characterization of transparent
nanocrystalline Cu20 films and their conversion to
CuO films, Chem. Commun. (2006) 3311-3313.

[8] T. Maruyama, Copper oxide thin films prepared
from copper dipivaloylmethanate and oxygen by
chemical vapor deposition, Jpn. J. Appl. Phys.
37(1998) 4099-4102.

[91 A. Y. Oral, E. Mensur, M. H. Aslan, E.
Basaran,MaterChemPhys, 83(1), 140 (2004).

[10] J. H. Benjamin, K. Nikolai, L. Ganhua, L. I. -
Khan, C. Junhong, Z. Xin, Transport, analyte
detection and optoelectronic response of p-type
CuO nanowires, J. Phys. Chem. C 114 (2010)
2440-2447.

[11] K. Santra, C.K. Sarkar, M.K. Mukherjee and B.
Ghosh, Thin Solid Films, 213(1992) 226

[12] A. Chen, H. Long, G. Yang, P. Lu, Vacuum 83
(2009) 927.

[13] J. Chen, F. Zhang, J. Wang, G. Zhang, B.
Miao, X. Fan, J. Alloys Compd. 454 (2008) 268.
[14] B.Boudjema, R.Daira, A. Kabir, R. Djebien
‘Physico-Chemical Properties of CuO Thin Films

ICEAINT'21


https://www.researchgate.net/publication/313843127_Physico-Chemical_Properties_of_CuO_Thin_Films_Deposited_by_Spray_Pyrolysis?_iepl%5BviewId%5D=gmDyeUBmco500rW1tzxqUXT8&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle

The 1st International Conference on Electronics,
Artificial intelligence and New Technologies

Deposited by Spray Pyrolysis’, Materials Sciences
forum Vol 895, 2017, 33-36.

[15] R.Daira, A. Kabir, B.Boudjema, C. Sedreati
‘Structural and optical tranmittance analysis of CuO
thin film deposited by the spray pyrolysis method’,
Solid State Sciences, Vol 104, 2020, 106254.

[16] A Hoseini Mashhad-toroghi, N.
Shahtahmasebia , E. Azhira , P. Madahia, M.
Mashreghi " Deposition of Copper Oxide
Nanostructured Thin films and Study of The
Influence of Fe** Doped on the Structural, Optical
and Antibacterial Properties of CuO Thin Films"
,Proceedings of the 4th International Conference on
Nanostructures (ICNS4) , P.P.(852-854), (2012).
[17] D. P. Volanti, D. Keyson, L.S. Cavalcante,
A.Z. Sim~oes, M.R. Joya, E.Longo, J. A. Varela, P.
S. Pizani, A. G. Souza, J. Alloys Compd. 459, 2008.
[18] T. Yu, C.H. Sow, A. Gantimahapatruni, F.C.
Cheong, Y. Zhu, K.C.Chin, X. Xu, C.T. Lim, Z.
Shen, J.T.L. Thong, A.T.S. Wee ,Nanotechnology
16,1238, 2005.

[19] B. Dennis, Elements of X-Ray Diffraction,
third ed., Prentice-Hall International, Upper Saddle
River, N.J, London, 2000.

[20] T. Ziad. Khodair, H. Ali. Adwan, H.
Noora.Shallal, Effect of Aluminum Doping on
Structural Properties of CuO Thin Films Prepared
by Chemical Spray Pyrolysis (CSP) Technique,
diyala journal for pure sciences, 13, pp. 198-208,
2017.

[21] J.I.  Pankove, Optical Processing in
Semiconductors, Dover, New York, 1971.

[22] A. Moumen, B. Hartiti, E. Comini, Z. El
khalidi, H.M.M. Arachchige, S. Fadili, P. Thevenin,
Superlattice. Microst. 127 (2019) 2.

[23] A.T. Ravichandran, K. Dhanabalan, S.
Valanarasu, A. Vasuhi, A. Kathalingam, J. Mater.
Sci. Mater. Electron. 26 (2015) 921.

[24] D.M. Jundale, P.B. Joshi, Shashwati Sen, V.B.
Patil, J. Mater. Sci. Mater. Electron. 23 (2012)
1492.

[25] R.Daira, B.boudjema, ‘Application of laser
technique for the calculating the speckle size and
object incidence angle’, Journal of intense pulsed
lasers and applications in advanced physics, Vol. 5,
No. 1, (2015), p. 1- 4.

[26] R.Daira, B.boudjema, M.Mordjaoui, M.Mezéri
‘Electrical properties of metallophtha- locyanine
thin films’, Journal of optoelectronics and advanced

ISBN: 978-9931-9728-1-5

455

Micro and Nanoelectronics

materials — rapid communications,
(2011) p. 167 —171.

Vol 5, No 2,

ICEAINT'21


https://www.researchgate.net/publication/313843127_Physico-Chemical_Properties_of_CuO_Thin_Films_Deposited_by_Spray_Pyrolysis?_iepl%5BviewId%5D=gmDyeUBmco500rW1tzxqUXT8&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle

	4-Micro and Nanoelectronics
	22


