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Abstract

Zinc oxide transparent conductive films were deposited on glass substrates at 400 °C using
chemical spray pyrolysis method. The effect of annealing of ZnO samples with the increase in
thickness has been studied. The X-ray diffraction results indicate that the polycrystalline films
exhibited a distinguished orientation along (002) direction with a hexagonal wurtzite phase
type. It is found that good crystallinity is obtained in the samples annealed at 500 °C. All
films showed an average transmittance of about 85% measured by UV/VIS/NIR
spectrophotometer. The grain size and lattice parameters of films were computed. The grain
size increases as thickness increases. Hence the values of the optical gap energy (Eg) are
found to be in the range of 3.238 to 3.273 eV without annealing and in the range of 3.252 to
3.280 eV with annealing when the thickness varies from 355 to 445 nm.
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Introduction

Zinc oxide has been a widespread topic in semiconductor research for more than 70 years,
with references to publications dating back to 1945 [1]. Naturally ZnO is an n-type due to the
existence defects originates of substantial donor centers in the ZnO lattice. These carriers are
likely producing defect levels that lead to n-type doping lie nearly 0.05 eV below the
conduction band [2]. ZnO has a wide band gap (3.37 eV) group 11-VI semiconductor with a
hexagonal wurtzite structure (a=0.3259 nm, ¢=0.52079 nm). In particular, ZnO has entice
much attention because of its high transparency in the visible range low electrical resistivity
and large exciton binding energy (60 meV) as the next generation transparent conductive
material [3, 4]. This semiconductor is of interest for UV and visible region optical devices,
like laser diodes and light emitting diodes [5], window materials in solar cells [6], flat panel
display and gas sensors [7-9]. ZnO is also well-known as a piezoelectric material that has

been used in acoustic wave [10] and various optoelectronic devices. ZnO thin films with high
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electrical conductivity and high optical transmission, nontoxicity, chemical and mechanical
stability and low cost because of the high abundance [11]. Various fabrication methods have
been vastly used to prepare ZnO thin films. The most intensively studied methods include, the
chemical vapor deposition [12], pulsed laser deposition (PLD) [13-15], chemical bath
deposition [16], sol-gel method [17-19], metal oxide chemical vapor deposition (MOCVD)
[20], and spray pyrolysis technique (CPS) [21, 22]. Among these methods, chemical spray
pyrolysis (CSP) is one of the most vastly used techniques because it has several advantages
such as, easily controlled over wide range by changing the spray parameters, cheaper and
large area fabrication for applications compared with other ways which need complex
equipment and accessories with very expensive parts. In present work, effect of annealing
temperature at 500 °C and thickness on crystalline structure and optical properties of ZnO thin

film fabricated by spray method was investigated.

Experimental

CSP is an efficient technique for the preparation of thin films of metallic oxides, as is the case
for the ZnO material. In this preparation method, a starting solution, containing Zn precursors,
was sprayed by means of a nozzle, assisted by a carrier gas, over a hot substrate. When the
fine droplets arrive at the substrate, the solid compounds react to become a new chemical
compound. ZnO thin film was prepared on glass substrate preheated at 400°C using the CSP.
A concentration of solution of 0.1 M zinc acetate hydrate (Zn (CH3COO)2, 2H-0) is prepared
by analyzing in mixture of distilled water. The nozzle was kept at a space of 29+1 cm from
the substrate during prepared films. The solution flow rate was kept constant at 2.5 ml per
minute. Air was used as the transporter gas, at the pressure of 1.56 bar. When spray aerosol
droplets were near the substrates, a pyrolysis process occurs and highly adhesive ZnO
samples were fabricated. Thickness was measured using gravimetric method. The
transmittance of the films was measured in the domain of 300-1100 nm at room temperature
by using an UV/VIS/NIR analyzer (Shimadzu 1800 double beam spectrophotometer). The
structural properties of the thin films were estimated by X ray diffraction system (Lab XRD-
6000/Shimadzu) CuKa radiation (A =1.5406 A"). in the scanning domain of (20) was between
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10" and 80°. The average crystallites were calculated by the Scherrer’s formula from the
expanding of the diffraction peaks.

Results and discussion

Structural characterization

Figure. 1 shows the X-ray diffraction patterns of the ZnO films annealing and various film
thicknesses. Strongest peaks observed at phases corresponded to (100), (002), (101), (102),
(110), (103) and (112) diffraction planes for hexagonal structure of ZnO. Comparable
observations have been found by other investigators [23, 24]. In addition, figure. 1 shows the
effect of annealing at 500 °C on crystal structure, the annealed films have stronger and small
width reflection peak showing an enhancement in (100); (002) and (101) peak intensity
compared to without annealing. XRD results exhibit that all the samples are multiphase
polycrystalline and random growth orientations, this result is due to the difference in the
precursor chemistry and annealing temperatures [25]. However, there are several reported
oriented along the c-axis ZnO thin films prepared on glass [26, 27]. The lattice constants

shown in Table 1 are computed using the following equation [28]:

1 4(h?+hk+Kk? 12
), Q7 thkikT) | 1% (1)
dz 3a2 c2

Where ¢ and a are the lattice constants and dn is the interplanar spacing.
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Figure 1: X-ray diffraction patterns of as-deposited and annealed ZnO thin films with different
thicknesses
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The strain € values in samples were evaluated using the relation [29]:

C—-Co

£="%,100% )

where € is the mean strain in ZnO thin films (Table 1), c is the lattice parameter of ZnO films
and C, the lattice parameter of bulk (standard Co = 0.5206 nm). In thin films, strains are
produced fundamentally due to mismatch between the film and the substrate and difference in
coefficients of thermal expansion of the film and the substrate. The crystallite size (D) can be
presented by the following equation [30]:

_ ka
- BcosO (3)

Where k is about 0.9 and f is the Full Width at Half Maximum (FWHM). Table 1 gives the
lattice parameter, particle size and strain (g) % of the as-deposited and annealed at 500°C ZnO

thin films. The resulted ‘c’ and ‘a’ are in agreement with the standard values according to the
ICDD card no. 75-0576. The average uniform strain (€), along the c-axis in the film, increases
as the thickness increases. The crystalline quality of the film gets better as the film grows
thicker. Figure. 2 shows the change of strain at different thicknesses for as prepared and
annealed films. In larger thickness the crystallinity becomes better. Figure. 3 shows the
increasing the thickness and the heat treatment decrease the FWHM value, showing a better
crystallinity of the films. The particle size increases with heat treatment, but decreases with

lower thickness, like previous work [31].
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Figure 2: The variation of strain at different thicknesses for as deposited and annealed films.
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Figure 3: FWHM at different thicknesses for as deposited and annealed samples.

Tablel: Lattice parameters, crystallite size and strain (¢) % of ZnO thin films before and after

annealing at 500 °C.

Thickness (nm) FWHM (deg.) ¢ (nm) a (hm) cla Strain (¢) % | Grain size (nm)
355 (As-deposited) 0.5200 0.5210 0.3252 1.6020 0.077 15.99
410 (As-deposited) 0.0.5183 0.5217 0.3254 1.6032 0.211 16.05
455 (As-deposited) 0.4800 0.5218 0.3255 1.6030 0.23 17.32
355 (500°C) 0.2804 0.5209 0.3251 1.6022 0.057 29.66
410 (500°C) 0.3213 0.5217 0.3256 1.6022 0.211 25.88
455 (500°C ) 0.3213 0.5217 0.3250 1.6052 0.211 25.88

Optical properties

In order to determine the influence of thickness and annealing on the optical band gap of
ZnO, the optical transmission spectra of all films were recorded and shown in figures. 4 (a)
and 4 (b). It is clearly seen that all the films exhibit a high transmittance, around 85%, in the
visible. The transmittance decreases sharply near the UV range due to the band gap
absorption. When the thickness increases, the transparency decreases. This outcome was
expected; since when the thickness is increased a larger number of photons are adsorbed in a
film. In addition, a shift of the absorption edge proportional to the thickness values, towards
larger energies is apparent from the spectra. The optical absorption at the absorption edge is in
agreement with the transition from valence band to the conduction band (A<390nm). The

optical gap energy of ZnO (direct interband transition) is given by the following formula [32]:
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ahv =B (hv - Eg)"'? (4)

Where B is a constant and a is the absorption coefficient. The optical gap energy (Eg) can be

obtained from the intercept of (a/v)? versus hv. Figures.

(ahv)? versus hv for all samples.
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Figure 4: The UV-visible transmission spectra of ZnO films, (a) without and (b) with annealing for

different thicknesses.
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Hence the values of the optical band gap are found to be between 3.238 to 3.273 eV without
annealing and from 3.252 to 3.280 eV with annealing when the thickness changes from 355 to
445 nm. We can explain the rise in optical gap energy by the oxygen diffusion with heat
treatment [33]. The increase in optical band gap with the thickness increase is also
proportionate with increasing trend in the strain. Previous research reported that strain

variation of the interatomic distance in semiconductors influences the energy gap [33].
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Figure 5: The typical variation of (a4v)? versus photon energy of ZnO thin films, (a) without and (b)
with annealing.
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Conclusions

CSP technique used in this work gave highly transmittance conductive ZnO thin films

deposited on glass. The structural and optical properties of the ZnO films have been found to

be affected by the thickness of the film. The annealing treatment was found to enhance some
physical properties of ZnO thin films. The crystalline quality, crystallite size and strain of the
films get better as the thickness increases.

References

1. J. Appl. Phys. The Electrical Charging of Electron Diffraction Specimens, 1945, D.G.
Brubaker and M.L. Fuller, 16, 128.

2. J. Appl. Phys., Wide band gap ferromagnetic semiconductors and oxides, 2003, Pearton
SJ. etal, 93, 1.

3. J. Cryst. Growth, Structural, electrical, and optical properties of transparent conductive
Zn0:Ga films prepared by DC reactive magnetron sputtering, 2007, Q. B. Ma, Z. Z. Ye,
H. P. He, S. H. Hu, J. R. Wang, L. P. Zhu, 304, 64-68.

4. Appl. Surf. Sci., Structure and properties of transparent conductive doped ZnO films by
pulsed laser deposition, 2006, S. M. Park, T. Ikegami, K. Ebihara, P. K. Shin, 253, 1522
1527.

5. Appl. Phys. Lett. , Room-temperature ultraviolet laser emission from self-assembled ZnO
microcrystallite thin films, 1998, Z.K. Tang, G.K.L. Wong, P. Yu, M. Kawasaki, A.
Ohtomo, H. Koinuma, Y. Segawa, 72, 3270.

6. Thin Solid Films , Preparation and characteristic of ZnO thin film with high and low
resistivity for an application of solar cell, 2006, W.J. Jeong, S.K. Kim, G.C. Park, 506-
507, 180.

7. Mater. Sci., Transparent conducting zinc oxide thin film prepared by off-axis rf

magnetron sputtering, 2002, M.K. Jayaraj, A. Antony, M. Ramachandran, Bull., 25, 227.
8. Thin Solid Films, Reactively sputtered ZnO: Al films for energy-efficient windows,

1988, Z.C. Jin, I. Hamberg, C.G. Grangvist, B.E. Sernelius, K.F. Berggrem, 164, 381.

Vol: 14 No: 4, October 2018 122 F’-|SSN:_ 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1404.456A E-ISSN: 2518-9255



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

DIYALA JOURNAL FOR PURE SCI

- -...- -J..-

Influence of Thickness and Annealing on Some Physical Properties of Zinc
Oxide Films

Ammar Ayesh Habeeb

Chim. Acta, NHz gas sensing properties of nanocrystalline ZnO based thick films, 2006,
S. Devi, V.B. Subrahmanyam, S.C. Gadkari, S.K. Gupta, Anal. 568, 41.

Mater. Lett., Li.COz-doped ZnO films prepared by RF magnetron sputtering technique
for acoustic device application, 2002, W. Water, S.-Y. Chu, Y.-D. Juang, S.-J. Wu, 57,
998.

Thin Solid Films, ZnO transparent thin films for gas sensor applications, 2006 M.
Suchea, S. Chiritoulakis, K. Moschovis, N. Katsarakis, G. Kiriakidis, 515, 551.

Sol. Energy Mater., Low pressure chemical vapour deposition of ZnO layers for thin-film
solar cells: temperature-induced morphological changes, 2005, S. Fay, U. Kroll, C.
Bucher, E. Vallat-Sauvain, A. Shah, Sol. Cells 86, 385.

Appl. Phys. Lett., Characteristics of high quality ZnO thin films deposited by pulsed laser
deposition, 1994, V. Craciun, J. Elders, J.G.E. Gardeniers, I.W. Boyd, 65, 2963.

J. Am. Ceram. Soc., Epitaxial Aluminum-Doped Zinc Oxide Thin Films on Sapphire: I,
Effect of Substrate Orientation, 1995, V. Srikant, V. Sergo, D.R. Clarke, 78, 1931.
Superlattices Microstruct., Investigation of structural and optical properties of ZnO films
co-doped with fluorine and indium, 2012, E.F. Keskenler, G. Turgut, S. Dogan,
Investigation of structural and optical properties of ZnO films co-doped with fluorine and
indium, 52, 107-115.

Thin Solid Films, Deposition and characterisation of ZnO thin films grown by chemical
bath deposition, 1995, Tahir Speed, Paul O'Brien, 271, 35.

Optik, the effects of solvent nature on spraydeposited ZnO thin film prepared from Zn
(CH3COO0) 2, 2H20, 2013, S. Benramache, A. Rahal, B. Benhaoua, 124, 663-666.
Mater. Res. Bull.Effect of thermal annealing treatment on structural, electrical and optical
properties of transparent sol-gel ZnO thin films, 2005, R. Ghosh, G.K. Paul, D. Basak,
40, 1905.

Thin Solid Films, Aluminum-doped zinc oxide transparent conductors deposited by the
sol-gel process, 1994, W. Tang, D.C. Cameron, 238, 83.

Physica B, Electrical properties of ZnO thin films grown by MOCVD, O. Pagni, N.N.
Somhlahlo, 2006, C. Weichsel, A.W.R. Leitch, 376-377, 749.

Vol: 14 No: 4, October 2018 123 P'ISSN:_ 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1404.456A E-ISSN: 2518-9255



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

DIYALA JOURNAL FOR PURE SCI

- -...- -J..-

Influence of Thickness and Annealing on Some Physical Properties of Zinc
Oxide Films

Ammar Ayesh Habeeb

Thin Solid Films. Growth, structure and optical characterization of high quality ZnO thin
films obtained by spray pyrolysis, 1999, D.F. Paraguay, L.W. Estrada, D.R. Acosta, M.E.
Andrade, M. Yoshida, 350, 192.

Appl. Surf. Sci., Effect of thickness on structural, optical and electrical properties of
nanostructured ZnO thin films by spray pyrolysis, 2009, T. Prasada Rao, M.C.
Santhoshkumar, 255, 4579.

Applied Surface Science, Effect of thickness on structural, optical and electrical
properties of nanostructured ZnO thin films by spray pyrolysis, 2009, T. Prasada Rao,
M.C. Santhoshkumar, 255, 4579-4584.

Physica B, Physical properties of ZnO thin films deposited at various substrate
temperatures using spray pyrolysis, 2010, T. Prasada Rao, M.C. Santhosh Kumar, A.
Safarulla, V. Ganesan, S.R. Barman, C. Sanjeeviraja vol. 405, no. 2226-2231.

Appl. Surf. Sci., Crystallization behavior and origin of c-axis orientation in sol-gel-
derived ZnO:Li thin films on glass substrates, 2001, S. Fujihara, C. Sasaki, T. Kimura,
180, 341.

Ceram. Int., Influence of annealing temperature on the structural and optical properties,
2014, D. Fang, P. Yao, H. Li, 40, 5873-5880.

Opt. Mater., Impact of low temperature annealing on structural, optical, electrical and
morphological properties of ZnO thin films grown by RF sputtering for photovoltaic
applications, 2015, A. Purohit, S. Chander, A. Sharma, S.P. Nehra, M.S. Dhaka, 49, 51-
58.

J.Semiconductor., Influence of growth time on crystalline structure, conductivity and
optical properties of ZnO thin films, 2013, S. Benramache, F. Chabane, B. Benhaoua, et
al., 34, 023001.

Superlattices Microstruct., Influence of substrate temperature and Cobalt concentration
on structural and optical properties of ZnO thin films prepared by ultrasonic spray
technique, 2012, S. Benramache, B. Benhaoua, 52, 807-815.

Optik, Fabrication and characterization of ZnO thin film using sol-gel method, 2013, A.J.
Hashim, M.S. Jaafar, A.J. Ghazai, N.M. Ahmed, 124, 491-492.

Vol: 14 No: 4, October 2018 124 F’-|SSN:_ 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1404.456A E-ISSN: 2518-9255



DIYALA JOURNAL FOR PURE SCIENCES

Influence of Thickness and Annealing on Some Physical Properties of Zinc
Oxide Films

Ammar Ayesh Habeeb

31. Superlattices Microstruct., Influence of annealing temperature on structural and optical
properties of ZnO: In thin films prepared by ultrasonic spray technique, 2012, S.
Benramache, B. Benhaoua, 52, 1062-1070.

32. Journal of Nanomaterials, Influence of Annealing on Properties of Spray Deposited ZnO
Thin Films, Volume 2013, K. Nadarajah, C. Yern Chee, and C. Yong Tan, 8 pages..

33. Optik, Effect of annealing temperature on structural, optical and electrical properties of
zinc oxide (ZnO) thin films deposited by spray pyrolysis technique, 2015, Y. Aoun, B.
Benhaoua, S. Benramache, B. Gasmi, 126, 5407-5411.

Vol: 14 No: 4, October 2018 125 P'ISSN:_ 2222-8373
DOI: http://dx.doi.org/10.24237/djps.1404.456A E-ISSN: 2518-9255



