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Abstract:
Tin oxide and Fe-doped tin oxide have been prepared using chemical spray pyrolysis.
XRD analysis reveals that all the films are polycrystalline with tetragonal structure.
The average grain size is found to decrease from 51Ǻ to 40Ǻ due to Fe-doping.
Absorbance and transmittance are recorded in order to calculate kind of transition and
optical constants. It is found that optical energy gap decrease after doping and all the
optical constants are affected by Fe-doping.
:المقدمة
حضرت اغشية ثنائي اوكسيد القصدير واغشية ثنائي اوكسيد القصدير المشوبة بالحديد باستخدام الترسيب
 بينت نتائج حيود االشعة السينية بان كافة االغشية من ذات طبيعة متعددة البلور ورباعية.الكيميائي الحراري
. نتيجة التشويب بالحديد40Ǻ  الى51Ǻ  لقد وجد بان معدل الحجم الجيبي قد انخقض من.التركيب
 لقد وجد بان فجوة.سجل طيفي االمتصاصية والنفاذية لغرض معرفة نوع االنتقال وحساب الثوابت البصرية
.الطاقة البصرية تقل بعد التشويب بالحديد وان طاقة الثوابت البصرية قد تاثرت نتيجة التشويب
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Introduction:
Tin oxide which is considered as transparent conducting oxide, is of considerable
interest due to its unique properties such as, wide band energy gap, high donor
concentration, large mobility, high transparency in the visible part of spectrum,
superior chemical stability, mechanically strong, in expensive, non-stoichiometric
semiconductor and behaves more or less as a degenerate n-type with low n-type
resistivity [1-6]. Tin oxide may be used as electrode material in several processes of
technological interest like, liquid crystal display, solar cells, electro chromic devices,
gas sensors, chemical sensors and antireflection coatings [7-10]. Several methods have
been adopted to prepare un-doped and doped SnO2 including, electron beam
evaporation, r.f. spattering, filtered vacuum arc, pulsed laser deposition and spray
pyrolysis technique [11-15]. In this work we study the effect of (Fe) on the structural
and optical properties of SnO2.
Experimental:
Tin oxide and Fe (volume concentration 2 and 4%) Tin oxide has been prepared on a
glass substrates using chemical spray pyrolysis. 0.1M of SnCl4.5H2O and FeCl3 .2H2O
with deionised water to prepare the required solution. For un-doped SnO2 and Fe
doped SnO2 the preparation conditions are: the distance between the spray nozzle and
substrates 30cm, the spray rate 5ml/min, the glass substrate temperature was
maintained at 500oC during the hole spraying process using chromel-Alumel
thermocouple which is used to measure the temperatures of the hot-plate. After the
completion of spraying process the sample is rapidly let to cool down to room
temperature. The films are highly reproducible which is confirmed from the repeated
experiments of each concentration. The thickness of the film is obtained by weighing
method and it is found to be 300±30nm. The x-ray diffraction studies are carried out
using x-ray diffractometer type shimadzu, power diffraction system with CuKα
radiation with a wavelength of 1.54Ǻ. The scanning range of 2Ө is restricted to the
range 10-60o .Optical absorbance and transmittance are obtained by double beam
spectrophotometer (shimadzu uv-1650pc) in the wavelength range of (300-900nm).

Results and Discussion:
Fig.(1) shows XRD patterns of the (as) deposited and Fe-doped SnO2. It is quite
clear from the figure that the diffraction peaks appear, exhibiting polycrystalline with
tetragonal structures, the diffraction peaks oriented along the (110), (101), (200),
(211) at 26.74o, 34.03o, 38.01o and 51.92o respectively. The XRD measurements do
not reveal the existence of Fe2O3 phase, indicating that
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Fig(1): XRD spectra of the samples under investigation

Fe is cooperated into the tin oxide lattice. The average grain size of undoped and Fe-doped thin films are estimated for the (110) plane using
Scherrer’s formula[6]:
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(1)

Where D is the average grain size, λ is the x-ray wavelength; B is the Full
Width at Half Maximum (FWHM) of XRD peaks and θ is the Bragg
angle. The average grain size at crystalline orientation of (110) for the as
deposited and Fe-doped SnO2 is 51Ao, 46Ao, and 40Ao respectively. The
addition of Fe3+ significantly influenced the crystallinity of SnO2,
suggesting a decrease of crystallinity in the Fe-doped SnO2 Thin films in
comparison with un-doped SnO2. This could be clearly seen in fig.(1) by
the decrease in the intensity and increase FWHM of the planes.
The absorption coefficient (α) and incident photon energy (hυ) is related
by the following equation [17]
(α hυ ) 2 = A (hυ − E g ) .......... (2)

Where A constant, Eg optical energy gap. The Eg can be determined by
extrapolations of the linear portion of the curve to the hυ axis. Figs (2-4)
show the curve of (αhυ)2 versus (hυ) for undoped and Fe-doped SnO2
respectively.

Fig(2) (α h υ ) 2 versus photon energy for undoped SnO2
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Fig(3) (α h υ ) 2 versus photon energy for SnO2 doped 2% Fe

Fig(4) (α h υ ) 2 versus photon energy for SnO2 doped 4(%) Fe
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Optical energy gap for un-doped SnO2 is 3.7eV while for 2% and 4% Fedoped are 3.65eV and 3.54eV respectively, this decrement might be due
to appearance of the Fe-Sn metallic compound which results to reduce
the degree of crystallinity. The transmittance in the wavelength (300900nm) of undoped and Fe-doped SnO2 are shown in fig.(5), the
transmittance are found to decrease as the doping percentage increases
whereas, the average transmittance decreases from >80% at 550nm to ~
60% for 4% Fe-doped SnO2 for the same wavelength, which is related to
reduction of crystalline size and escalation of light scattering.

Fig(5) The transmittance for the undoped SnO2 and Fe doped SnO2
The refractive of the films under investigation is determined by using the following
relation[18]

4R
1 + R 
no = 
+
− K o2 .......... ........ (3)

1− R
1 − R 

Where R is the reflectance, K o (K o = αλ / 4π ) is the extinction coefficient. The no
and Ko values dependence of photon energy are shown in figs (6) and (7) As seen in
the figures, the n and K values increase with increasing doping ratio it has been well
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established that the refractive index is closely correlated with film density, a higher
refractive index implies a denser film, the increase in refractive index is attributed to
the decreasing in the value of grain size with the Fe-doping concentration.

Fig(6) The refractive index for the undoped SnO2 and Fe doped SnO2

Fig(7) The extinction coefficient for the undoped SnO2 and Fe doped SnO2
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These results agree with XRD result. The real ε 1 and imaginary part ε 2 of the
dielectric constants (ε = ε1 + i ε 2 ) may be related to the real part of refractive index
and the extinction coefficient [19]

ε1 = no2 − K o2 ........... (4)
ε 2 = 2no K o ............ (5)

Fig. (8) and fig.(9) show ε1 and ε 2 values dependence of photon energy
for all the samples under investigation. The values of the real part are
higher than the imaginary part, it can be seen that the real and imaginary
parts of the dielectric constant increase with Fe-doped. The real part ε 1 is
associated with the term that how much it will slow down the speed of
light in the material and the imaginary part ε 2 gives that how a dielectric
absorb energy from electric field due to dipole motion.
Fig.(10) shows the variation of optical conductivity with the incident
photon energy. The optical conductivity is determined using the
relation[20]

Fig(8) Real part of dielectric constant for the undoped SnO2 and Fe doped SnO2
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Fig(9) Imaginary part of dielectric constant for the undoped SnO2 and Fe doped
SnO2

σ=

α no c
................ (6)
4π

Fig(10) Optical conductivity for the undoped SnO2 and Fe doped SnO2
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where c is the velocity of light. The optical conductivity directly depends
on the absorption coefficient and found to increase sharply for higher
values due to large
absorption coefficient of these values. We can also notice that σ increase
for Fe-doped SnO2.
Conclusion:
The effect of Fe-doping on SnO2 has been investigated. XRD analysis
shows that all the samples are polycrystalline and Fe-doping affected the
crystallinity disorder by increasing it. The result show that Fe decrease
the optical energy gap and increase the refractive index, Extinction
coefficient, real and imaginary parts of dielectric constant and optical
conductivity .From these result one can conclude that Fe-doped SnO2 can
be used as semiconductor, in electronic devices applications.
References:
1- K.Murkami, K. Nakajima, S. Kaneko, “Initial Growth of SnO2
Thin Film on the Glass Substrate Deposit by the Spray Pyrolysis
Technique”, Thin Solid Films,515 (2007) 8632-8636.
2- T. Serin, N. Serin, S. Karadeniz, H.Sori, N. Tugluago, O. Pakma, “
Electrical, Structured and Optical Properties of SnO2 Thin Films
Prepared by Spray Pyrolysis,” J. Non Crystalline Solids, 532(2006)
209-215.
3- D. Y. Torres Martinez, R. Castanedo Perez, G. Torres Delgado, O.
Z. Angel,” Undoped Tin Oxide Thin Films Obtained by the SolGel Technique Starting From a Simple Precursor Solution”, J.
Mater Sci.: Mater. Electron, 22(2011) 684-689.

38

المجلد األول

2012 العدداألول.

مجلة كلية التربية

4- H. Kim, R.C.Y. Auyeung, A. Pique, “Transparent Conducting Fe
Doped SnO2 Thin Films Grown by Pulsed Laser Deposition”, Thin
Solid Films, 516(2008) 5052.
5- Y. Huang, G.Li, J. Feng, Q. Zhang, “ Investigation on Structural,
Electrical and Optical Properties of Tungsten-Doped Tin Oxide
Thin Films”, Thin Solid Films, 518 ( 2010) 1892-1896.
6- S. J. Ikhmayies, R.N. Ahmad-Bitar,” The Effects of Post
Treatments on the Photovoltaic Properties of Spray-Deposited
SnO2 : Fe Thin Films” ,Applied Surface Science , 255(2008) 26272631.
7- P. Rajaram, Y. C. Goswami, S. Rajagopalan, V. K. Gupta, “
Optical and Structural Properties of SnO2 Films Grown by a LowCost CVD Technique”, Material Letters, 54 (2002) 158-163.
8- C. Terrier, J. P. Chatelon, J. A. Roger,” Electrical and Optical
Properties of Sb: SnO2 Thin Films Optical by the Sol-Gel Method”,
Thin Solid Films, 295(1-2) (1997) 95-100.
9- Sevng-Yop Lee, Byung-OK park, “Structural, Electrical and
Optical Characteristic of SnO2 : Sb Thin Films, 510(2006) 154158.
10- N. Kanai, T. Nuida, K. Veta, K. Hashimoto, T. Watanbe, H.
Ohsaki, “ Photo- catalytic Efficiency of TiO2/ SnO2 Thin Film
Prepared by DC Magnetron Sputtering”, Vacuum, 74 (3-4) (2004)
723-727.
11- M.Sardar ,. A. Dorrani, “Biasing Voltage Dependence of
Sensitivity of Electron Beam Evaporated SnO2 Thin Film CO
Sensor, Sensors, 6(2006) 1153-1160.
12- J. Han, H. Zhou, Q. Wang, “Conductivity and Optical Nonlinearity
of Sb Doped SnO2 Films”, Materials Letters, 60(2006) 252-254.

39

المجلد األول

2012 العدداألول.

مجلة كلية التربية

13- E. Cetinorgu, S. Goldsimth, R. L. Boxman, “ Effect of Deposition
Conditions on the Characteristic of ZnO-SnO2 Thin Films Deposited
by Filtered Vacuum Arc”, Thin Solid Films, 515(2006) 880-884.
14- L. C. Tien, D. P. Norton, J. D. Budai, “ Epitaxial Growth of
Transparent Tin Oxide Films on (0001) Sapphire by Pulsed Laser
Deposition”, Materials Research Bulletin, 44 (2009) 6–10
15- B. Thomas, S. Benoy, K. K. Radha, “ Influence of Cs Doping in
Spray Deposited SnO2 Thin Films for LPG Sensors”, Sensors and
Actuators B, 133(2008)404-413.
16- A. V. Moholkar, S. M. Pawar, K. Y. Rajpure, Saleh N. Almari, P.
S. Patil, C. H. Bhosle, “ Solvent-Dependent Growth of Sprayed FTO
Thin Films with Mat-Like Morphology”, Solar Energy material and
Solar cells, 92(2008)1439-1444.
17- V. R. Shinde, T. P. Gujar, C. D. Lokhande, R.S. Mane, SungHwan Han”, Mn Doped and Undoped ZnO Films: A Comparative
Structural, Optical and Electrical Properties Study”, Material
chemistry and physics, 96(2-3)(2006) 326-330.
18- N. A. Subrabamanyam, “A Text Book of Optics”, Brj Laboratory,
Delhi (1977).
19- J. N. Hodgson, “Optical Absorption and Dispersion in Solids”,
Chapman and Hall Ltd., 11 New Fetter Lane. London EC4, (1970).
20- J. I. Pankove, “Optical Processes in Semiconductors”, Dover
Publications, Inc. New York, P-91(1971).

40

