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thin films of pure Zinc Oxide (ZnO) and Bismuth doped ZnO (1, 3 wt.%) were
synthesized via the technique of chemical spray pyrolysis CSP . From using X-Ray
diffraction (XRD) pattern, all the prepared films have hexagonal wurtizite structure.
Transmittance and absorbance were estimated via Uv-Visible spectrophotometer.

Optical parameters (energy gap, absorption coefficient, refractive index, extinction
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coefficient, real and imaginary parts of dielectric constant) were calculated from
recording absorption spectrum. The energy gap of (ZnO) films had been seen as
decreased with increasing concentration of bismuth.
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I.  INTRODUCTION

ZnO is main place in new technologies and
offers a vast area of scientific in  many
applications  [1]. Its  1I-VI  compound
semiconductor and iconicity exist at the boundary
between ionic and covalent semiconductors [2].
ZnO is an n-type semiconductor [3] and has
bandgap energy of 3.37 eV [4], melting point is
2248 K and a wider binding energy 60 meV [5,6].
ZnO is used for different applications such as
short wavelength semiconductor diode
lasers(SDLs) [7], gas sensors [8], solar cells [9].
Thin films of (ZnO) have been made with a
different of deposition technique include atomic
layer deposition [10], pulsed laser deposition
(PLD) [11], thermal evaporation [12], novel DC
plasma reactor [13], electrodeposition [14], sol-
gel [15], pulsed filtered cathodic vacuum arc
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deposition (PFCVAD) [16], and chemical spray
pyrolysis [17]. In this paper, the method used to
make all films is chemical spray pyrolysis and
investigated from optical properties and structural.

Il. EXPERIMENTAL

Pure Zinc Oxide(ZnO) and Bismuth(Bi) doped
ZnO were mixed at various doping percentage of
Bismuth (1, 3wt. %) and deposited this mixing on
a glass substrate preheated at 450C via CSP
method. The properties of structural for all films
were studied via X-Ray Diffractometer, Cu:Ka
radiations(A=1.54059A) and scans w made
between 20 values of 20°%nd 70°. At room
temperature the optical absorption spectra are
recorded between 380 to 800 nm wavelength via
Shimadzu UV-visible Spectrophotometer.
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I11.  RESULTS AND DISCUSSION

At room temperature, the crystal structure was
studied via X-ray diffraction pattern were
determined from Fig.(1) for all films. This figure
shows that films are polycrystalline and its
structure is hexagonal wurtzite [18]. The
synthesized of all films shows an XRD reflecting
major peak detected at 20 = 34.4°, pointing a
(002) direction. The pure ZnO and ZnO:Bi major
peaks having also determined at 31.8° and 36.2°,
identical to the lattice planes (100) and (101),
respectively .The results in this work agree with
that reported via Keskenler et al. [19]. The
intensity of the (100) and (101) peaks decreases
with increasing the concentration of Bi, while the
(002) peak increased with increasing Bi
concentration. This is the fact that all prepared
films have good crystallization.
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Figure 1: XRD pattern of prepared films with
diverse concentration of Bi.
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The crystallite size(D) of the films can be
estimated via the Scherer’s relationship [20,21] :

D =0.9A /B cosO

where ) is wavelength(A) of X- ray, 0 is Bragg
diffraction angle of the XRD peak (degree), P
FWHM) (radian). The size of crystallite for the
prepared films increased from 43.08 nm to 63.48
nm with increasing Bi concentration. The
crystallite size of films is changed depending on
the difference in the ion radius (Zn®* r = 0.88 A
and Bi®* r = 1.17 A) of the dopant element. The
crystallite size is shown in Table(1).

Table (1): The crystallite size of XRD for all
prepared films at diverse concentrations for (002)

plane.
Film Bi | Crystallite
(wt.%) | size (nm)
Zn0O 0 43.08
ZnOBi| 1 52.45
ZnOBi| 3 63.48

The absorbance spectra for the prepared films
with different concentration of Bi were illustrated
in Fig. (2), the absorbance has increased when
concentration of Bi films increased and decreased
when the wavelength increased as in Fig. (2).
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Figure 2: The absorbance spectra with wavelength of Bi-doped ZnO films.
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The spectra of optical transmittance for films
illustrated in Fig.(3). Figure shows that the
transmittance decreased when concentration of Bi
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increasing. This might be according to the free
carriers coupling to the electric field; therefore the
reflection increase [22].
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Figure 3: Transmittance spectra with wavelength of Bi-doped ZnO films.

The absorption coefficient(a) can be studied via
the relationship [23, 24]:

a=2.303A/

where A and d represent absorbance and
thickness respectively. The absorption coefficient

for all prepared films was illustrated in Fig.(4).
where we see that the absorption coefficient
increased when the concentration of Bi increase.
Its value is larger than (10* cm™), which confirm
the possibility of direct transitions [25].
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Figure 4: The absorption coefficient with wavelength of Bi-doped ZnO films.

The optical band gap (Eg) is found via the
following relationship [26]:

(ahv) =Ahv—E,[

Published by: The Mattingley Publishing Co., Inc.

where A and hv represent a constant and the
photon energy respectively, n = 1/2 for direct
allows transition,. Eg of ZnO:Bi thin films
extracted from the polot of (chv)? versus hv
curve. Fig.(5) explains the plot between (cthv)*?
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and hv for films with concentration of Bi. The

energy gap for all prepared films decreased when

concentration of Bi increase. This due to that the

increase of impurities ratio within the material

(ZnO) increase the probability of Bi*® to occupy
3E+10

25E+10

2E+10
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the Zn*2 site and this will lead to creation of
accepter levels within the energy gap near the
valence band [27], which takes place according to
the improvement of crystallinity in samples [28].
The band gap energies are tabulated in Table (2).
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Figure 5: A plots of (ahv)? verses (hv) of Bi-doped ZnO films with various concentration of Bi.

Table 2: The optical energy gap of Bi-doped ZnO

films.
Film
(wt.%0) | Eg(eV)
Zn0O 0 3.1
ZnO:Bi 1 3
ZnO:Bi 3 29

The refractive index (n) have been determined
via using the relationship [29,30]:

n( AR _sz”2 L&D
(R-1y’ R®-1

Refractive Index (n)

300 <400

the extinction coefficient(k)can be determind via
the relationship [31]:

k=@

4n

Figs.(6,7) show (n) and (k) as a functions of
wavelength. It can be noticed from figures, that
(n) and (k) increased when concentration of Bi
increase
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Figure 6: Variant of (n) with wavelength of Bi-doped ZnO films.
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Figure 7: Variant of (k) with wavelength of Bi-doped ZnO films.

The real (£r) and the imaginary (&) parts of the € =2nk
dielectric constant for films were calculated by
following relationship [32,33]. Figs.(8,9) shows the variation of dielectric
s o constant ( & and & ) parts for the films against of
€& =n"-k wavelength, from this figures, we note & and €;
increased when concentration of Bi increase.
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Figure 8: Variant of &r with wavelength of Bi-doped ZnO films.
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Figure 9: Variant of €1 with wavelength of Bi-doped ZnO films.
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IV. CONCLUSIONS

All prepared films were made via chemical
spray pyrolysis technique. In XRD analysis, films
prepared are hexagonal wurtzite polycrystalline
with a prefeered orientation along (002) plane and
size of crystallite increased when concentration of
Bi increase, which increased from 43.08nm
t063.48nm. In the UV-visible analysis, the
transmittance is decreased when concentration of
Bi for all prepared films increases, while the
absorbance increased when concentration of Bi
for all samples increases. The Eg energy of films
has allowed direct energy gap (EQ) that decreased
when concentration of Bi increase, which
decreased from 3.1eV to 2.9¢V. The (o, n, k and
€r and €i parts) increased when concentration of
Bi. Increase.
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