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ABSTRACT
—
Pure and indium doped thin fiims of zinc oxide, had been
prepared by spray pyrolysis technigue. The substrate tempsrature
was varied from 350-550 %C. Alsc, the deposition time was wvaried

from 20 to 80 mihutes, at each substrate temperature.
The structural, epticat, and electrical properties for the

prepared fiims, are measured as a TfTunction of substrate

temperature, and deposition time.

Central Library - Ain Shams University



SUMMARY

The electrical, optical and structural properties of Zinc
Oxide thin films in the thickness range 50-370 nm deposited on
glass substrates have been investigated. The Tilms were prepared by
usfng a non-conventional preparation technique. It is called spray
pyrolysis technigue. |1t permits deposition cn either insulating or
conducting substrates with a high degree of control over both the

dimensions of the coatings and thsir physical properties.

The prepared Tilm is controlied by many parameters such as:
substrate temperature, depositicon time, sotlution concentration, gas
flow rates, and doping material. These parameters influence the
structural, cptical and glectrical proparties of the prepared ZnQ

films.

All these parameters have bgen tested. Testing many different

soluticon concentraticons and gas Tlaw rates, showed that a
satisfactory homogeneity, durability, reproducibility, and
measurable electrical properties have been obtained at

concentration 0.2 M, and & I/min. gas (filtered air) flow rate.

The deposition time was varied from 20-80 minutes at each

substrate temperature ranging from 350-550 °C.
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The effect of different substrate temperatures as wel! as
deposition time on structural, opticai and electrical properties

have been studied.

Also, the preparation of films from agueous sclution of zinc
acetate or zinc chioride, showed that the best Zn0 films are

obtained by using aqueous sclution pf zinc acetate.

X-ray diffraction patterns for the prepared zin¢ oxide films
show that they are polycrystaliine zinc oxide. The galculated
lattice parameters are found to be very close to standard values of
the hexagonal form of Zn0d. The calculated crystallite size shows a

nearly |linear increase with the fiim thickness.

An anatysis is carried out for the praferred ocrientation
planes. The results reveal the existence of the preferred [002]

orientation with the c-axis at high substrate temperatures.

Surface topography of some Znd films have been investigated
using SEM. Normally, indium-deoped zincg oxide fiims have a smooth
surface. |In contrast, the undoped Znd films have a much rougher
surface than the doped ones. This implies that the presence of
indium dopant atoms possibly affects the nucieation process of
these Tilms. These investigations agreed with that reported in

literatures.
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The measured optical transmission spectra, show high
transparency of the film (80-95% transmission}) in the wisible
range, with a sharp absorption edge around 375 nm wavelength which

closely corresponds to the intrinsic band gap of ZnD {3.3 eV).

The optical constants a , n, k as well as film thickness have
been calculated from the T - X curvas. The thickness of the films
was measured by etching half of the film area using diiute HCI as
etchant. The height of the resulting step was measured using a
height measuring instrument [(Talystep). Measurements were carried
out on some films whose thicknesses had been calculated from T - A

curves. |t is found that the measured values are consistent with

those calcuiated from T - A curves.

The resistivity of the prepared doped zinc oxide films was
found teo change from 10! 10 10" 0 cm, as the substrate temperature
changes from 2350-450 °C. This decrease may be due to the
amel ioraticon in crystallinity, grain size and current-carriers

mobility.

The resistivity shows a considerable increase with increasing
substrate temperature from 450 to 550 ’c. This may be due to the
recombination of the diffused alkali ions, from the substrate, with

the free carriers.
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The current carrier concentiration was calcutated from the Hall
cogfficient measurement. The cbtained values are silightly dependent
on  sSubstrate temperature in indium-doped films. The room-
temperature Hall mobil ity B ranged from 0.4 to 13 cmhv,s. as the
substrate temperatures varied from 350 to 550 ’c. This may be due

to the increase in crystallinity and grain size.

The prepared pure and indium doped zinc oxide thin Tilms show,
general ly, wide energy gap (3.3 e¥), so it allows high transmission
{90-95%) in the tumincus solar range. Therefore, this material
could be used as a window in hetergjunction sclar celils such as
ZnQ/CdTe. The obtained refractive index { 2-1.75) values are in the
right range, as to form an ant]-reflection coatings on silicon
sctar cells. High conductivity {5 x 10l o cm') combined with kigh
transmission {(90-95%) in the visible range nominate this material
10 be used as electrodes in solar cells and optoetectronic devices.

The used spray pyrolysis technigue, has many advantages over
the conventicnal technigques wsed in thin film preparation. It is
simple, easy to construct and operate, needs no vacuum, and
econcmic. It alltows mass production of large area thin layer
coatings at low cost.

Since the production of low cost solar cells is the long term
objective, the spray pyrolysis technique adopted in this work, as

well as, the oqguality of the prepared zinc oxide films are

satisfactory candidates, Tor hetercgjunction sclar cells.
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CHAPTER |

INTRODUCT ION

Zinc oxide Is eone of the transparent oxide semiconducters,
which have wide band gap, sc it allows high transmission in
luminous solar range. Also, it could be doped to a level which
makes the material metat!ic and hence it becomes infrared reflector
and electrically hightly conductive. The high interest in TCO

coatings is due to their wide range of applications such as:

1. Heat-mirror suitable for applications in sotlar photo-thermal

conversion and smart windows.

2. Hetercjunction of TCC on bulk semiconductor shows considerable

promise for use in low cost sclar gcelis such as Zn0/CdTe.

3. The refractive index is in the right range so it could be used

as anti-reflection cgating on siticon.

Zingc oxide is an n-type semiconducteor, due to the existence of
non-intenticnally impurities. Its band gap is 3.3 e? and its
conductivity can be controlled over several decades, by cdoping. It
has been a material of technological significance, in many fields,
for centuries. The constituent elements are abundant and the

material lends itself to a wariety of thin-film deposition
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