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Physical properties of spray pyrolysed ZnO thin films obtained from nitrate,
acetate and chloride precursors: Comparative study for Solar Cell Applications
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ZnO thin films prepared using zinc chloride, zinc acetate and zinc nitrate precursors have been successfully synthesized by Spray Pyrolysi:
method. Films depositions were carried out on glass substrats)aE. Structural properties of ZnO films were investigated by X-ray
diffraction (XRD), confirming that all precursors have an Hexagonal Wurtzite structure. The obtained films were oriented along the prefer-
ential (002) crystallographic plane. The phase purity was also confirmed by X-ray photoelectron spectroscopy (XPS), Ultra Violet-Visible,
and Energy Dispersive X-ray spectroscopy measurements (EDX). The optical measurement revealed that films have average transmittanc
of 58%, 78% and 65% for zinc chloride, zinc acetate and zinc nitrate, respectively. The band gap values obtained are 3.19, 3.17 and 3.23
eV for ZnO films using zinc acetate, zinc chloride and zinc nitrate precursors, respectively. Additionally, the refractive index and extinction
coefficient of the ZnO films for all precursors have been explored.
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1. Introduction 2. Experimental details

The ZnO thin films for all precursors were fabricated by

. . . . .. the chemical spray pyrolysis spray technique on glass sub-
Zinc oxide (ZnO) is a n-type compound semiconductor W'thstrates. Before the deposition, the substrates of dimensions

a dirgct _wide band gap [1]. It has a relatively large exci—75 x 25 mm? were cleaned with acetone and double-distilled
ton binding energy (60 meV) at room temperature [2], gooq/vater

optical properties and a high stability [3]. Zinc oxide repre- The chemical precursors used are zinc acetates (Zn

sents an important basic material due to its low cost as well 3% H,CO0),.2H,0), zinc chloride (ZnGl.H,0) and zinc ni-

'(t)S eleﬁtnzca(lj, _opt(f)t_electr?mc a?d Ifum(;nesce?tlpropertu;s M{ijrates (Zn (NQ)2.6H,0). These chemicals were dissolved in
verall, zntJ1s otimportance for fungamental résearch, angy, p\q_gjstilled water at the 0.1 M concentration. Note that

also relevant for various fields of industrial and high tech- small amount of hydrochloric acid (HCI) has been added to
nplog|cal appl|cat|on§ such as gas sensors [3], varistors [6 issolve the zinc chloride since it gives a chemical precipitate
piezoelectric [7], UV light detector and Schottky diodes [8]. ; only double-distilled water is used to dissolve it.

Various ZnO nanostructures, such as nanorods have been fa[)- Furthermore. all the thin ZnO films obtained were manu-

ricated by thermal evaporation [9], chemlcal vapor quos',t'or}actured under the same conditions summarized in Table I.
[10], sol-gel method [11], electrochemically deposition, ion

beam assisted deposition [12], rf magnetron sputtering de-
position [13], metalorganic chemical vapor deposition [14] TABLE I. Conditions for depositing thin films of ZnO.

and spray pyrolysis aqueous solution method [15]. Among zinc acetate (Zn (CH3CO@RH-0)

these methods, pulverized pyroly5|§ is partlgularly Su'tableChemical Drecursors zinc chloride (ZnG#,0)
and useful for large surface applications, as it has proven to

be a simple and inexpensive method. Many authors have de- zinc nitrate (Zn (N@)2 .6H,0)
scribed the preparation of ZnO thin films using spray pyroly- Substrate used Laboratory glass
sis. However, little attention has been paid to the character obeposit temperature 350 &+ 10°C

precursors such as Romegbal. [16]. In the present study,
by using the spray pyrolysis technique, we report a compar-
ative study of different precursors such as zinc acetate, zinr*lebStrate a_nd hotplate 30 Cm
chloride and zinc nitrate on the ZnO thin films. The structural Spray solution flow rate 2 ml/min
and optical properties were also investigated. Volume of sprayed solution 50 ml
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FIGURE 1. XRD spectra of fabricated ZnO thin films.
3. Results and discussion ZnO thin films obtained from zinc chloride as well as those
) obtained from acetates.
3.1. Structural properties and morphology The examination of the XRD diffraction spectrum, relat-

The structural characterization was performed at room tem'-ng to the thin ZnO films obtained from zinc nitrates, is char-

. i . acterized by the presence of three peaks corresponding to the
Ei?stgﬁvi?r? Igg&aral?jriglt(i; z/\< r_a31/ ; iggag;ometer model DZreﬂecting planes (110), (002) and (101) with a noise of al-

Figure 1 shows the XRD diffraction spectra of ZnO thin most zero bottom if one compares its intensity compared to

films obtained using zinc acetates (Fig. 1a), zinc chloridethalt of the peak (002). - Furthermore, the intensities of the

(Fig. 1b) and nitrates of zinc (Fig. 1c) as precursors peaks recorded show a strong preferential orientation along

The comparison of its XRD spectra with the standard carc}he crystallographic plane [002], noted as the c axis which

. : . ; s perpendicular to the growth plane (plane of the substrate).
JCPDS (Joint Committee on Powder Diffraction Standards)- " : . ;
N°36-1451 [17-19] allowed us to conclude that these an?”ms result shows that the crystallites composing the thin ZnO

polycrystalline thin films of ZnO crystallized in the hexag- ms optalned from nitrates grow more easily e}long the c
onal Wurtzite phase. axis which can be characterized as being the axis relating to

After indexing its spectra according to the data avail-the minimization of internal stresses and surface energy [20].

able in the JCPDS maly°36-1451 (angular positions of the T_he grain sizes, lattice constants, strains and dislocation .den-
. : 2 . . ity have been evaluated according to Fig. 3. For the estima-

peaks and their corresponding hkl indices), it was notmetfon of crystallite size the Sherrer formula is used [21,22]:

that the thin ZnO films obtained using zinc acetates presen{ y T

several reflecting planes, (100), (002), (101), (102), (110), 0.9\

(103) and (112) with a fairly high background noise com- D= Bcosh’ @)

pared to the maximums of the intensities of reflective peaks. . _

This means that in the case where there are several reflectitgierer = 0.9, A = 1.5406 A is the z-ray wavelength/3 is

planes, this material is not well crystallized, this is the casghe full width at half maximum (FWHM) of the XRD peak,

with the thin films of ZnO obtained from acetates, there isand® is Bragg's diffraction angle. The lattice parameters of

coexistence of the amorphous ZnO material and ZnO crysthe films are determined by the following relation [23]:

tallites oriented along the planes cited above. The shape of

2 2 2
the diffraction spectrum recorded for the ZnO films obtained 21 _1 <h + hf Rl > + <12) . 2
from acetates also means that there is no strong preferential d*hkl 3 a ¢
orientation for the crystallites within them. _ The micro-strain(c) has been estimated using the following
Regarding the thin ZnO films obtained from zinc chlo- ¢5rmula [24]:
ride, the indexing of their corresponding XRD spectrum B cos
(Fig. 1b), indicates the presence of the same reflective planes Ty (3)

observed in the XRD spectrum relating to the films ZnOThe dislocation density of the films has been estimated using
obtained from acetates, namely (100), (002), (101), (102)}he following formula [24]:

(110), (103) and (112). However, unlike the films obtained

from zinc acetates, the XRD spectrum relating to those ob- 5= i (4)
tained from zinc chloride presents a background noise (Back- D?

gound) low in intensity compared to the intensities of the Al the structural parameterse., full width at half max-
peaks corresponding to the reflecting planes, meaning thgtum (FWHM), crystallite sizes, lattice constants (a and c),

amorphous composition is present in these films. Furtherstrains and dislocation density are summarized in Table IL.
more, a weak preferential orientation of ZnO crystallites with
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TABLE Il. Structural parameters of fabricated ZnO thin films.

FWHM
26° Crystallite a c Strain Dislocation density
Samples 1073
(002) size (nm) (A°) (A°) (107%) (10~ Line/nn? )
(Degrees)
JCPDS cardV° 36-1451 34.422 - - 3.24 5.20 - -
zinc acetate 34.432 5.562 25.157 3.23 5.19 13.778 15.789
zinc chloride 34.574 5.460 26.595 3.23 5.19 13.033 14.138
zinc nitrate 34.521 5.093 28.508 3.24 5.19 12.157 12.300

According to Table Il, the values of the calculated latticethe crystallographic orientation planes of the crystallites that
parameters (a and c) are in agreement with those of standandake up the layer.
ZnO (JCPDS cardv° 36-1451) and those reported in the lit- The percentage of the amount of amorphous or disor-
erature [26]. Moreover, the sizes of the crystallites orientedlered material in the sample is defined by the expression [25]:
along the crystallographic plane (002) which constitute thé% = Sg — Sp./Se with S¢ the overall area of the diffrac-
three films of ZnO have the same order of magnitude withtion spectrum surface of the curve, afigh the surface area
a slight difference and consistency with the results found byof the crystal peaks.
other researchers [27]. In fact, it is noted that the ZnO films  Therefore, subtracting this percentage from the amount
obtained from zinc nitrates have the smallest size relative tof amorphous material in 100 gives the amount of crys-
those obtained from acetates and chloride. On the other hanthllised material in the sample commonly referred to as 'crys-
it is noted that the meshes of the crystallites oriented accordallinity’: % of the amount of crystalline material = 100 - %
ing to [002] undergo deformation stresses which are the leagif the amount of amorphous material. The results of the cal-
important for the ZnO films made from nitrates which alsoculation performed using the Eva-Diffrac software [26] are
result in the lowest density of dislocations (Table II) and con-given in Table .
sequently fewer structural defects compared to ZnO films ob-  Itis clear from Table Il that the ZnO samples obtained us-
tained from the other zinc acetate and zinc chloride precuring the zinc nitrate precursor have a much higher crystallinity
sors. than the ZnO samples obtained from the zinc acetate and zinc
chloride precursors. This indicates that the ZnO films ob-
tained from the nitrates have good crystallinity compared to
those obtained from the other two precursors.

Note that in the calculation of the results summarized in

S‘Iéable I, the contribution of the glass substrate in the diffrac-

. . . tion spectra has been neglected. This approximation is all the
glass, is not favored according to any precise crystallographlgnore plausible if we consider medium thick films, which is

orientation plane. Often, and for thermodynamic reasons (eqhe case in our experiment

ergy of formation, temperature etc.), the growth of the mate- . . .
9y b ) g The analyses of chemical composition were carried out

rial takes place in a mixture of crystalline and amorphous or . ) . L
even totally amorphous (disordered growth). using a Jeol JSM 5800 scanning electron microscope which is

i . . . ipped with di ive X-ray detector (EDX, IXRF
In this sense, the films obtained can be characterized byeﬁqouézrg&_)gvi)l Tir;e)r?gs I;%ersllj\im er:é V\? e?ec gf:\r(ri ed out on a

parameter (the ampunt of qmorphogs materi.al) 'tha.t can I ratos Axis Ultra using Al kv (1486.6 eV) radiation. High
form us about their cry_stalllne quallty, thus indicating the resolution spectra were acquired at 20 eV pass energy with
amorphous and crystalline fractions that make up the S"J‘ménergy resolution of 0.9 eV. The C1 s line of 284.5 eV was

p!es thus optamed. Ex.penmentally,-the amor_phou; state of sed as a reference to correct the binding energies for charge
given material results in the recording of a diffraction spec—energy shift

trum with a very broad peak at all anglg&scanned. This is
clearly seen in the spectrum of Fig. 2d), relating to the glass

3.1.1. Calculation of crystallinity

During the development of polycrystalline thin films, the
growth of the material on amorphous substrates, in this ca

we used as a deposition support for our films. TABLE IIl. Crystallinity rates of the ZnO samples obtained.

_ Moreover, when a polycrystallin_e I_ayer is i_nvo_lved, _in ZnO thin films Crystallinity (%)  Amorphous
this case the manufactured ZnO thin films, their diffraction iy

. . . COanOSItIOI’]

spectra are made up of both an amorphous part, which is dis -
tinguished by a large envelope, often called background, and Obt"’f'“ed from Acet"f‘tes 9.6 90.4
very distinct peaks positioned at very precise angles (Fig. 2a), Obtained from Chlorides 224 77.6
b) and c)) relating to the reflective planes characteristic of Obtained from Nitrate 82.4 17.6

Rev. Mex. Fis69031002



K. SALIM AND W. AZZAOUI
—— Preaks = Sackpround —— Peaks = Sackground
- - - -Background | -+ - - Bsckground
3 3
LA &
£ 8
E N ]
E
= = = = P = ' | ) = = ' P ' ™
Ei}l 28 |{Degress b:' 25 {Dregress
— Peaks = Backround
T - . - Bk g
:
& | =
g i
£ £
T I J-!s_ T 5|: l!l_ ¥ _I_ .I- T - _I il
C}I 25 {Degreas) d]' ’ 25 {Degress )

FIGURE 2. XRD diffraction spectra and background adjustment. a) XRD spectrum of ZnO films obtained from Acetates; b) XRD spectrum
of ZnO films obtained from Chlorides; c) XRD spectrum of ZnO films obtained from Nitrates ; d) XRD spectrum of the glass substrates

used.
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a)-c) Energy dispersive X-ray (EDX) spectra, d)-f) XPS full survey scan of the obtained zinc acetate, zinc chloride and zinc
nitrate, respectively.
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The chemical composition checking by the EDX spectrazarouket al. [29]. We note, moreover, the absence of inter-
is given in Fig. 3a). As expected, EDX spectra show the presference fringes in the recorded transmission spectra, which
ence of peaks attributed to zinc and oxygen elements for athay be due to the roughness of the surface of the films de-
samples and reveal the presence of silicon attributed to thgosited by spray pyrolysis due to the small size of the droplets
glass substrate. of the solutions [29].

Figure 3b) illustrates the general (XPS) spectrum of the  The band gap of thin ZnO films is an important parameter
ZnO obtained from zinc acetate, zinc chloride and zinc ni-for estimating the limit of their absorption band. The optical
trate, respectively. It can be observed that the Zinc, Oxygeiband gap was determined using the following formula [30-
and Tin peaks are presented, which confirms the (EDX) an@2]:

(XRD) analysis previously done. (ahv)" = A(hv — Eyg), (5)

3.2. Optical properties whereq is the absorption coefficienkv the photon energy,

A, arelation constant anflg the optical band gap. We have
The optical transmittances have been recorded between 2@Bually takem = 0.5 for indirect band gap semiconductors
and 2500 nm wavelength using a JASCO 570 type UV-vis-andn = 2 for direct band gap semiconductors. As ZnO no
NIR double-beam spectrophotometer. Figures 4a)-c) shows considered as a direct semiconductor, the intersection of
the optical spectra for ZnO thin films obtained by using dif- the extrapolation of the linear region @fhv)? on the energy
ferent precursors such as zinc acetate (Fig. 4a)), zinc chloridaxis makes it possible to determine the optical gap (Fig. 5). It
(Fig. 4b)) and zinc nitrate (Fig. 4c)). The optical transmissioncan be observed that the gap values for ZnO
spectra of the ZnO thin films using the above mentioned pre- Ims using zinc acetates, zinc chlorides and zinc nitrates
cursors were not found to be highly transparent. In the casare 3.19, 3.17, and 3.23 eV, respectively,nin agreement with
of thin films of ZnO manufactured using the precursor zincthe results of the literature [33].
nitrates, it is noted that the average transmission in the vis- The refractive index:, extinction coefficient: and the
ible range is around 65% (Fig. 4c)) which is in agreementhicknessd of the thin films were estimated with the spPS
with the work of A. Nakreleet al. [28]. This relatively high  (seed preprocessing Pattern search) technique[34]. The ob-
transparency is attributed to their good crystallinity, unliketained values of the deposited films thicknesses are 282, 299,
the thin ZnO films obtained from zinc acetates and zinc chlo291 (nm) for ZnO obtained from acetates, chloride and ni-
ride which have lower transmittances of the order of 58% andrates respectively The refractive index(Fig. 6a) and the
61%, respectively, in agreement with the work of H. Ben-value of extinction coefficient (Fig. 6b) varied from 2.13

= 5 *
o 13
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FIGURE 4. Transmittance spectra of manufactured ZnO thin films. a) zinc acetate; b) zinc chloride; c) zinc nitrate.
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FIGURE 5. Variation of (ahv)? as a function of the energy of ZnO thin films. a) zinc acetate; b) zinc chloride; c) zinc nitrate.
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FIGURE 6. The refractive index a), and extinction coefficient b) of the films obtained with zinc acetate, zinc chloride and zinc nitrate,
respectively.

to 1.8, and from 0.12 to zinc acetate, zinc chloride and zindow oriented. The EDX images and XPS spectra for all sam-
nitrate, respectively in the visible wavelength range. Similaples confirmed the deposition of Zn and O in the films, and
values are observed in Refs. [15,22,33]. These films with lovthe EDX pattern validated the XRD result. The optical mea-
values ofn andk are recommended for optoelectronic devicesurements revealed that films have a low transmittance of the
applications such as solar cell window films [35,36]. zinc acetate and zinc chloride around 58% and 61%, respec-
tively. On the other hand the zinc nitrate achieved 65%. The
calculated optical band gap values are 3.19, 3.17 and 3.23 eV
for ZnO using different precursors of zinc acetate, zinc chlo-
ZnO thin films were prepared using zinc acetate, zinc chlofide and zinc nitrate, respectively. This study suggests that
ride and zinc nitrate precursors by spray pyrolysis techniquée ZnO obtained from nitrate is the preferable one candi-
on glass substrates3t0°C. ZnO thin films are all in hexago- date for optoelectronic applications such as photovoltaic so-
nal structure. The film grown using zinc nitrate precursor hadar cells.

a well-preferred orientation of (002) while the other two are

4. Conclusion
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