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ABSTRACT

In this research SnO, thin films have been prepared by using hot plate
atmospheric pressure chemical vapor deposition (HPCVD) on glass and Si (n-type)
substrates at various temperatures. Optical properties have been measured by UV-VIS
spectrophotometer, maximum transmittance about (94%) at 400 °C. Structure
properties have been studied by using X-ray diffraction (XRD) , its shows that all
films have a crystalline structure in nature and by increasing growth temperature
from(350-500) °C diffraction peaks becomes sharper and grain size has been change.
Atomic force microscopy (AFM) uses to analyze the morphology of the Tine Oxides
surface structure. Roughness & Root mean square for different temperature have been
investigated. The results show that both increase with substrate temperature increase
this measurements deal with X-Ray diffraction results, that there is large change in
the structure state of SnO2 thin f film by changing temperature parameter.
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INTRODUCTION

in oxide (SnO2) is one of the transparent conductive oxides (TCOs) where

they are stable with good adherent to the substrate, hard mechanically and

have large transmittance in visible region [1]. It is a very important wide-
band-gap semiconductor (e.g., 3.6 eV at 300 K). Owing to its excellent optical and
electrical properties, it has a broad range of high technology applications, such as
optoelectronic devices, chemical sensors, solar cells, lithium batteries [2]. It is well
known that the particle size and morphology of materials have a great influence on
their properties. The most common form of SnO, in these films is the tetragonal rutile
form consisting of a unit cell with a tin atom surrounded by six oxygen atoms in a
octahedral coordination and oxygen atoms surrounded by three tin atoms in a
triangular fashion as shown in Figure(1). Pure SnO2 is generally regarded as an
oxygen-deficient n-type wide-band semiconductor but this effect can be enhanced by
doping where atomic impurities of i. e. Sb, F or Cl are incorporated in tin oxide lattice
[3, 4, 5].
Physical properties of SnO2 are summarized in Table (1) which gives tin oxide the
following daily-life properties:
* low electrical resistance
» transparent for visible light but reflective for infrared light
* environmental stable
* high hardness

These properties make thin films of SnO2 good candidates for applications where
transparency and conductivity of electricity are required. Currently, tin oxide films
are used as heterogeneous catalyst in oxidation reactions [5, 6], as infrared reflector in
low-energy glass and anti-static layer [7], as transparent electrode in displays or solar
cells [8], as protective layer on glass containers [4, 9] or as solid-state gas sensor for
the detection of a wide range of gasses [10, 11]. SnO2 has been synthesized by
different methods such as the sol-gel method, chemical vapor deposition (CVD),
magnetron sputtering and hydrothermal treatment [12-13].
The aims of the present work are to prepare SnO, thin films by using a hot plate

atmospheric pressure chemical vapor deposition (HPCVD) on glass and Si(n-type)
substrates at various temperatures.

Table (1) Physical properties of tin dioxide [4, 5].

Property SnO;,
Mineral name Cassiterite
Crystal structure Tetragonal, rutile
Space group D*,, or P,/mnm
Lattice constants [nm] a=0.474
b=0.319
Oxidation states Sn**, 0%
Molar mass [ g mol-1] 150.71
Density p [g cm-3] 6.85
Mohs hardness [-] 6.5
Melting point 1630
Band gap [eV] 3.6
Common extrinsic Sh,F,Cl
n-type dopants
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Figure (1) The rutile structure of SnO, unit cell.

EXPERIMENTAL WORK

The salt hydrated tin dichloride (SnCI2H,0) was used as start material mixing
with methanol (CH3OH) and use N, gas as carrier gas, tin oxide thin films were
prepared by homemade HPCVD, the schematic diagram of the Hot Plate
Atmospheric Pressure Chemical Vapor Deposition system is given in Figure (2).The
reaction chamber composes of Pyrex funnel put upside down on hot stainless steel
plate. The glass slides and silicone substrate were cleaned ultrasonically by
Trichloroethylene (TCE), acetone, ethanol followed by de-ionized water and dry with
N,.

Before using Si wafer it etches with HF (10%). The vapor of the precursor
reactance carried on the glass substrate by the N, gas. The operating parameters are
shown in Table (2). X-Ray diffraction (CuKa) radiation with a wavelength A
=0.154060 nm at 26 (20-60) was use to study crystal structure. Atomic force
microscopy (AFM) was used for investigate the morphology and roughness of
surface, optical properties was studied by UV-Visible spectrophotometer (Shimadzu).

Table (2) Deposition parameters of tin oxide film

Thin film Sn02
Substrate Glass, Si
Temperature (°C) 350-500
N2 gas flow rate 2L/min
SnCl,2H20 29
CH3OH 20 ml
HF 10%
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Figure (2) Schematic diagram of HPCVD system.

RESULTS AND DISCUSSION

Structural properties
XRD measurement were made to SnO2 films deposited on glass substrate are

shown in Figure (3). It's clear that there are four X-ray diffraction patterns (110),
(101),(200),(211) at various temperature (350-450)°C ,the max. Peak at 20 values of
26.6° is (110).The results show that at a temp of (500)°C there are more than five
peaks this improvement for crystalline structure . A matching of the observed and
standard (hkl) planes confirmed that the product is of SnO2 having a tetragonal
structure.
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450 °C

500 °C

Figure (3) The XRD pattern of the SnO, film prepared at
various substrate temperature (350-500 °C).

It was noted that the grain particle size became larger with temperature increase for
SnO; film as shown in Figure (4).
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Figure(4) SnO2 thin film grain size deposit on glass substrate
variation with temperature.
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Figure(5) shows XRD pattern for SnO2 film on Si (n-type) in deposition
temperature (490 0C),the measurement show that there is only two peaks observed.

Figure (5) Shows XRD pattern for SnO2 film on Si (n-type) substrate.

OPTICAL PROPERTIES

SnO, thin film deposited on to glass substrate by using wet chemistry results
refer to have a bright yellow thin film with high quality and were very transparent.
The optical transmission of the samples is investigated in the range of 280 to 1100nm
using UV-VIS spectrophotometer as shown in Figure (6).The measurements are taken
in the wavelength scanning mode for normal incidence with max. transmittance
about (94%) at 400 °C. It is noted that the average permeability of Tin Oxide films be
high for each temperature at a higher rate (80%), and this is proof that we get
visually permeable membranes with excellent quality possible to use different
applications such as poles transparent or other.
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Figure (6) To be Continued
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Figure (6) Transmittance and absorbance spectrum for
SnO, films for various substrate temperatures.
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MORPHOLOGY OF THE TINE OXIDES SURFACE STRUCTURE

Atomic force microscopy (AFM) was used to study the morphology of SnO, thin
films deposit by (HPCVD) as shown in Figure(7) in (2D) and (3D). The results
show that the roughness and rout mean square of tine oxides surface increase with
substrate temperature increase this measurements agree with X-Ray diffraction
results, that there is large change in the structure state of SnO2 thin film by changing
temperature parameter . The surface topography and surface roughness will change
with all temperature AFM images show, thin layers consist of isolated islands, it

grow with temperature this is obvious in (2D) and (3D) images.
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Figure (7)Atomic force microscopy(AFM) of Sno2 thin films
deposit by (HPCVD in (2D).
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Figure (8) Atomic force microscopy (AFM) of Sno2 thin
films deposit by (HPCVD in (3D).

Table (3) show AFM data that we gate each measurement form surface morphology
of SnO, thin films images.

Table (3) AFM measurement for different temperature.

Temperatur | Roughnes Rout | Surface | Surface | Peak-| Grain
e | s average mean | Skewnes | Kurtosi Peak Size
(T °C) (sa)nm | square(sq S s| (sy)n| (g.s)n
) (Ssk) (Sku) m m
nm
350 5.87 8.37 0.477 6.2 81.4 24.1
400 13.9 23.4 0.945 7.89 197 29.95
450 18.9 26.9 0.0146 4.71 223 375
500 34.5 48.4 -0.121 4.3 358 46.3
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CONCLUSIONS

Tin oxide thin film have been successfully deposited at glass substrate by using
HPCVD method. Structural investigations using .XRD reveal that the layers are
composed of SnO2 grain size was (24-46.6) nm measured by Scherrer equation. The
results show that at a different temp. There are more than five peaks this
improvement for crystalline structure Max. Transmittance was 94% in a visible light
spectrum, the average roughness of thin film surface is about( 5.3 nm). The results
show that the roughness and rout mean square of tine oxides surface increase with
substrate temperature increase.
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