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Abstract

Optogeometric properties of La,0, (Lanthanum Oxide) thin films prepared by sol-gel technique have
been investigated. Characterization was derived by M-line spectroscopy, X-ray diffractometry and
waveguide Raman Spectroscopy. M-line spectroscopy measurements revealed a refractive index of
1.592+0.001 on Pyrex substrate for a wavelength of 543.4nm and thin film thickness of 850nm and
1.5894+0.001 on silicon wafer and thickness of single layer is between 40 and 60nm. X-ray
diffractrometry has shown that the film has monoclinic structure. Waveguide Raman Spectroscopy has
revealed a mixture of La,0, and La,0,CO, (Lanthanum Oxide Carbonate) which are mainly
nanocrystalline and polycrystalline respectively. The research has shown that the La,0, thin films
produced can be used as a planar optical waveguide. The results obtained are comparable with the
works of other scientists using different measurement techniques.
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Introduction.

Lanthanum III oxide (La,0,) is a
chemical compound containing the rare earth
element Lanthanum and Oxygen. It has the
largest band gap (3.4 eV) of the rare earth
oxides, it also has the lowest lattice energy
with very high dielectric constant (27);
characteristics which favours optical
waveguide application (Anguscuik et al.,
2001).

La,O, has P-type semi-conducting
properties because its resistivity decreases
with increase in temperature, average room
temperature resistivity is 10 Q-cm
(Balsubramanian, 1981). Its phase behaviours
are solid liquid and gas, while spectra data are
ultraviolet (UV), infrared (IR) and molecular
spectroscopy (MS). Lanthanum as an element

is a malleable, ductile, soft and silvery white
metal belonging to group three on the
periodic table; atomic number 57 and atomic
mass 138.91, melting and boiling points, of
920°C and 3464°C respectively and specific
gravity 6.162 g/cm’ (Goa et al., 1991, Wang et
al,2000).

At low temperatures, La,O, has an A-
M,0, hexagonal crystal structure (Kale et al.,
2005). Its crystalline phase can be used for the
potential applications of the
ceramic—mesoporous structures, as an
ingredient for the manufacture of
piezoelectric and thermoelectric materials,
automobile exhaust-gas converters contain
La,O, (Cao et al., 2005). La,0, is also used in
X-ray imaging intensifying screens, phophors
as well as dielectric and conductive ceramics.
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In this work, we have demonstrated the
syntheses of hexagonal crystal phase (h-
La,0,) at room temperature by using Sol-gel
method. It is believed that the La’" metal
atoms are surrounded by a 7 coordinate group
of O”atoms, while the oxygen ions are in an
octahedral shape around the metal atom
however, we see that there is one oxygen ion
above one of the octahedral faces. In contrast
to low temperature case, at high temperatures
the La,O, converts to a C-M,0, cubic crystal

structure. The La™ ion is surrounded by a 6
coordinate group of O” ions. However, La,O,
in ferroelectric materials content has still
needed to be studied due to its structural
collapse during formation of the mesoporous
phase and its phase transformation from
hexagonal crystal phase to cubic crystal phase
(Duan et al., 2008; Alexazder et al., 2006;
Derczetal., 2006).

A waveguide is a structure that causes a
wave to propagate in a chosen direction with
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some measure of confinement in the plane
transverse to the direction of propagation
(Cantel, 2003). A waveguide function as a
conduit to transmit electromagnetic energy
from the source to the receiver, if possible,
with out distortion and attenuation. The
attenuation or extinction of the propagating
wave along the waveguide can be due to
absorption, scattering or both (Bahari et al,
2008).

For a thin film coating to function as a
waveguide, and not just an antireflection or
protection coating, it must have the property
that an incident light propagates parallel to the
plane of the substrate, (Cole, 1995) figure 1.
However, they are broadband anti-reflection
coatings (BBAR), beam splitter coatings,
dielectric high power laser mirrors, fiber optic
coatings, anti-reflection coatings (AR) and
reflection coatings fabricated from thin film
materials to meet specific needs (Ibanga, et al,
2003).

a
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Fig. 1: (a) Guided lightin a waveguide, (b) Planar Waveguide, (c) Cylindrical Waveguide.
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The attenuation and scattering
coefficients of materials adapted for the
production of optical waveguides are kept
very low and hence materials for these
purposes should be non-absorbing, optically
homogenous and isotropic. Leakage of
transmitted waves through the boundaries of
the conduits should be significantly negligible
(De Asha et al., 1998). In a waveguide this is
achieved by the process of total internal
reflection at the boundaries. This is a
condition whereby the amplitude of the
incident wave becomes equal to the amplitude
ofthe reflected wave. Given two such waves;

E, = A, expl-ik,) (1)
E| = B, expl- ik, ) (2)

At total internal reflection, A =B,. In an
optical thin film waveguide the thin film
forms the core. A waveguide is constructed
such that the thin film material with index of
refraction n,is sandwiched at the top by air and
underneath by a substrate material all
satisfying the condition that the refraction
index of the film is greater than that of the
substrate and that of air or the top covering
layer (Duan et al., 2008). This condition is
needed for waves to be guided along the
waveguide. This follows that wave
propagation is sustained along the waveguide
when the angle of incidence 1, on the face of'a
prism coupled to the waveguide (Niemiem et
al.,2001).

In thin films production and
applications, determination of optogeometric
parameters such as thickness (t) and refractive
index (n) of the thin films is very crucial.
Refractive index (n) and thickness (t) for
isolated films could be measured using very
familiar conventional techniques, which
become less effective and efficient when the
thin film is placed in between other materials
either in a mechanical, electronic or optical
system.

It was noted that thickness is one of the
most important thin film parameters and
largely determines the properties of a film
(Case 1983). As a corollary, almost all
properties of thin films are functions of the
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film thickness. Several methods of measuring
thin film thickness abound. These
measurement techniques of thin film
parameter may yield different results. Some
methods are well adapted for finished films
while others are for monitoring the thickness
during the process of film fabrication
(Hohlbein et al. 2004). The monitoring or
insitu approach are said to be highly valuable
because they allow the fabrication of films of
particular thickness.

Refractive index measurements of
nitride films like AlIGaN compositions of up to
38% obtained by means of reflectance and
transmittance spectroscopy have been
investigated (Huang et al. 2004; Dobrowolski
etal. 1983). The filmsused were less than 0.5
um in thickness, which permitted direct
calculation of even the absorption coefficient.
Consequent upon thin film formation and
growth processes, they are usually not
perfectly smooth. Certain areas of the film
could be evidently rough in nature, resulting
in different thickness at different places. This
interesting observation has given rise to the
development of models for investigating the
effect of surface roughness and thickness
variation on the optical spectrum of thin films.
In these models their solutions contain an
index-thickness product. Thus, the index of
refraction (n) and the thin film thickness are
intimately related.

For the La,O, thin films, which constitutes the
main thrust of this work, their performance as
a waveguide when coated on a glass substrate
is a function of the refractive index and
thickness. Given the relevance of these
parameters of a thin film vis-a-vis the wide
range of possible applications, La,0O, was
deposited using the Sol-gel route to produce
La,O, thin films that could be used as planar
waveguides. In spite of few studies regarding
to the sol-gel method, the sol-gel method has
some merits, such as the easy control of
chemical components, and fabrication of thin
film at a low cost to investigate structure and
optical properties of La,O, thin films (Ilican et
al., 2008). The elaboration conditions are
precisely described. Refractive index and
thickness of the film will be obtained by M-
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line Spectroscopy. X-ray Diffractometry and
waveguide Raman Spectroscopy shall be used
for structural characterization and study of
vibration modes.

Experimental Section.
Material Preparation.

The La,O, solution was prepared using
lanthanum acetylecetonate La(acac),
(Aldrich) as the starting material. La(acac),
was dissolved in absolute ethanol (Prolabo,
analytic reagent) and then mixed with 8M
hydrochloric acid in an appropriate ratio. The
solution was stirred at 60°C for three (3) hours
(Bahari et al., 2011). Then, the solution was
filtered using a 0.22 pm filter and kept in a
sealed bottle.

Dry N, Filter

gas —>

Valve or \ /
l

——| Water
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La,O, sol-gel thin films were prepared
on the silicon wafer using the dip-coating
technique. In general, the quality of the sol-
gel waveguides depends on many parameters
of the film deposition process, such as the
viscosity of the solution, the substrate
temperature and the humidity of the
environment in which the layer is deposited
(Bahari, et al., 2005; Cao et al., 2005).
Although for many materials, good quality
sol-gel films can be prepared without care for
the humidity, for La,O,, in particular the
humidity greatly affects the quality of coated
films (Ohring, 2002). For this reason,
humidity controllable dip-coating system was
used, Figure 2.

Lifting
mechanism
77777774 (77777777
_ | Coating
chamber
Humidity
-|i|— sensor
~
\\—
[~
Sol bath Substrate

Fig. 2: Schematic diagram of humidity controllable dip-coating system.

As indicated in the diagram, the dry and
clean N, gas continuously passes through the
water and brings the water vapour to the dip-
coating chamber or the N, gas goes directly to
the chamber. The chosen way will depend on
the required humidity and the surrounding
atmosphere. The relative humidity in the
chamber was monitored by a relative
humidity sensor and modulated by adjusting a
valve to control the flow of the gas. The
relative humidity was kept at 15% in order to
obtain a high quality transparent La,O, film.

A Pyrex substrate (borosilicate glass;
n=1.472 at 632.8nm; softening temperature
650°C) was used. The carefully cleaned
substrates were dip-coated at room

temperature in a glove-box, using the filtered
solution and a constant withdrawal speed of
80mm min'. A stack of twenty deposited
layers was produced for the waveguide
application figure 2. After coating, the
sample was dried at 80°C for 15 min and then
heat-treated at 600°C for 30min between each
coating under a pure oxygen flow to promote
organic burnout and partial densification of
the film (Huang et al., 2004). After heat-
treatment, the transparent, crack-free and
planar waveguiding layers were stored in a
clean dust free bottle to be characterized at
room temperature.
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Characterization.
The prism-film coupler and m-line
spectroscopy.

The structure of the Prism-film coupler
as presented schematically in figure. 3 below

»
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is ideally suited for the characterization of
materials and processes adapted for optical
waveguide fabrications.

SCREEN
PRISM

X
FILM

/////y//////////////s’ SeSTATe

figure 3: Structure of Prison-film coupler for determination of refractive index.

The prism-film or dielectric thin film
waveguide coupler consists of a prism placed
closely above a dielectric thin film with an air
gap left in between them. The film is usually
deposited on a substrate of known refractive
index. The refractive index (n,) and thickness
(t) of the film is unknown and is often
deposited on the substrate by a convenient
coating method (chemical vapour deposition,
sputtering, dip or spin coating).  The
waveguide is coupled to the prism by a
coupling head or adjustable screw figure 4. A
laser beam incident on the face of the prism
strikes the base of the prism and experiences a

POLARIZER

normal total internal reflection of the incident
beam at the base of the prism (Monneret et al
2000). The waves in the prism and in the film
are coupled through their evanescent fields in
the air gap. At certain discrete values of the
incident angles, called mode angles, there is
optical tunneling of the photons across the air
gap into the film which enters into a guided
optical propagation mode causing or leading
to a sharp drop in the intensity of light
reaching the detector. The experimental set-
up for the observation of the mode angles is
illustrated in figure 5.

(I’ l

T - T ADJUSTABLE

PRESSURE

Fig. 4: The Prism-Film Coupler showing the mode spectrum (m-line) due to reflection and

refraction from the thin waveguide.
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The coupling of a laser beam into the
film can be observed in various ways
depending on the characteristics of the film,
the substrate and also on the type of prism
used. Coupling for evaporated and sputtered
films with negligible roughness or in
homogeneties like ZnS, Al,O, and CO, may be
measured with the symmetric prism, when
deposited on thin substrates that are slightly
flexible.

Coupling of the two waves is detected
by the appearance of streaks of guided light in
the film and by the appearance of bright or
dark lines. In cases of the observed modes of
the thin film waveguide a very bright spot is
observed on the lines. These lines are referred
to as m-lines, and the scientific study of the
observed lines in relation to the characteristic
of'the film, is the spectroscopy. Inapplication
to biological liquid sensing, Auguscuik, et al
investigated multilayer planar waveguide
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M-line spectroscopy is noted to be a useful
method for determining optogeometric
properties like refractive index and thickness
(Anguscuik et al., 2001). It was noted that the
angle of incidence, say i, on the face of the
prism corresponding to a particularly
observed m-line which governs the coupling,
determines the phase velocity, V, in the x-
direction;

y=—C 3)
n, smip

If v, is the velocity of one of the characteristic
modes of propagation in the thin film
waveguide, where m is the mode order (m =0,
1, 2...) the m-lines for a particular film are
observed on the screen or photo detector when
the following conditions given by equation 4,
is satisfied; that is

parameters using m-line spectroscopy results. Vm =V (4)
° ,
Pressure regulator ' ]
Computer
He-Ne Laser
(6632.3nm) 0/2
0
Photo diode %Prlsm
Rotating platform 0/2
He-Ne Laser T
(6543.5nm)

Fig.5: The experimental set-up for the observation of the mode spectrum.
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Hence to form a propagating mode, of
any order, the phase velocity of the beam in
the x-direction must be equal to the phase
velocity of one of the propagating modes in
the guide. They equally highlighted the fact
that, by determining these synchronous angles
of strongest coupling, the characteristic
propagation constant of a given film relative
to the propagation constant k in free space can
be found experimentally and theoretically.

-2 (5)

c

Where o is the angular frequency and c is the
velocity of light. As soon as a minimum of
two modes are found, film thickness and
refractive index can be calculated. In arough
approximation, the angular location of the
first observed mode, determines film index
while the angular difference between the
modes give the thickness. The experimental
approach is fully automated and requires an
average of twenty seconds. The number of
modes supported by a film of given refractive
index increase with film thickness. For most
films and substrate combinations, a thickness
of about 1000-2000A is required to support
the very first mode while films in the one-
micron range can support as may as four or
five modes. The results obtained for thickness
and refractive index will be more accurate if
the film of the waveguide can support at least
two different modes of the same polarization
(Urlacher, et al., 1996).

M-line spectroscopy and evaluation of
refractive index and thickness.

Optical measurements were conducted
at a wavelength of 543.4nm (He-Ne laser).
The refractive index and thickness of the
La,O, were determined by m-lines obtained
from the spectroscopic analysis.
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X-ray Difractometry:

X-ray diffractometry measurements
were performed using a SIEMENS D500 X-
ray diffractometer with a wavelength of
1.5406A from the Cu Ko line. X-ray
diffraction was used to follow the structural
evolution of the film at the annealing
temperature. A special sample of La,O, was
dip coated on a pyrex substrate. It has twenty
layers. After coating of each layer the sample
was dried at 80°C for 15min and then annealed
at 400°C for 15min. The samples with
different annealing temperatures T were
analyzed by X-ray diffractometer at room
temperature.

Waveguide Raman Spectroscopy:

The laser propagation length when
using the twenty coated sample was around
2cm. This propagation was enough to allow
Waveguide Raman Spectroscopy (WRS)
measurement. Room temperature WRS
experiment was used to ascertain the
structural and nanostructural attributes of the
sol-Gel La,O, films (Cao et al, 2005;
Hohlbeinetal.,2004).

Experimental set-up for Waveguide
Raman Spectroscopy is shown in figure 6.
Briefly the Krypton laser beam (power beam:
650mW, A = 647.1nm) was focused near the
edge of a prism coupler (LaSF 35) used to
launch the light into the film. The scattered
light was analyzed with a Jobin-Yvon U1000
double-monochromator followed by an RCA
photomultiplier tube. With this geometry,
scattered radiation was collected normal to the
propagation direction of the beam within the
planar waveguide and allowed to obtain high
signal-to-noise Raman spectral to be obtained
without any Raman contribution from the
substrate. The signal was processed by an
Ortec Photon counting system and recorded
under computer control.
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Fig. 6: Schematic representation of the experimental set-up for Waveguide Raman Spectroscopy (WRS).

Results and Discussion.

The La,O, films obtained were
homogeneous, transparent and crack free.
Since planar optical waveguiding involves
light propagation within a thin layer of a
transparent material, it can only occur when
the layer has a higher refractive index than the
adjacent layers and also has sufficient
thickness to support a guided mode. A
multicoated film should be used for m-line
spectroscopic measurement to provide
multimode waveguide. It was found that the
La,O, films with twenty layers can support
one mode of each polarization (1 transverse
electric mode: TE, and one transverse
magnetic mode: TM,). In m-line spectroscopy
measurements, more accurate results can be

obtained if the films support at least 2 TE and
2 TM modes. In order to elaborate a 2TE —
2TM waveguide, it is necessary to deposit
around 40 stacked layers on the substrate.

The mode-coupled conditions are used
to determine the optical properties of La,O,
films (Ibanga et al, 2003). Assuming a
homogeneous layer with stepwise refractive
index and constant thickness, refractive index
of the twenty coated layers of La,O,
waveguide were obtained using m-line
spectroscopy and spectroscopic ellipsometry
methods as presented in table 1 at a
wavelength of 543.4 nm.

Table 5.2: Results for the zero order
mode for TE and TM.

Table 5.2a: Results for the zero order mode using m-line spectroscopy.

Graphical Result

Numerical Results

Experimental Results

n 1.590 £ 0.020

nf =1.592 + 0.001

N =1.594

t=860.00+0.03 nm

t= 850.18 £0.002 nm

t= 852

Table 5.2b: Results for the zero order modes using spectroscopic ellipsometry.

Graphical Results

Numerical Results

Experimental Results

n¢=1.588+0.020

ne=1.589+0.001

n¢=1.590 + 0.013

t =859.00+£0.03nm

t= 852.180+ 0.002 nm

t= 855.16+0.03
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These results compares favourably with
those obtain elsewhere using graphical and
numerical methods as presented in the table.

The X-ray diffraction pattern for the thin
films shown in figure 7 indicates sharp and
narrow diffraction peaks with preferential
growth along 130, 101 planes followed by
011,200, 020 and 060 planes which show that
La,O, was obtained. It was observed that the
films also contain lanthanum oxide carbonate
(La,0,CO0,) phase with a monoclinic structure
(Boldish et al., 1979, Forastiere et al, 2003)
(JCPDS-48-1113). The X-ray diffraction
pattern for the La,O, thin films also indicates
that the formation of lanthanum oxide
carbonate has been attributed to the inclusion
oflarge carbon residue in the films. Inthermo
analytical literature, La,0,CO, phase is
reported to be stable during dynamic heating
under vacuum conditions from ~300 to ~500°C,
above which its decomposition to oxide
begins (Urlacher et al, 1997; Urlacher and

503
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Mugnier, 1996).

In the processing of the La,O, thin films,
annealing was performed at 600°C which is
above the stability temperature for La,0,CO.,.
Therefore, it is believed that the films were
most likely a mixture of La,O, and La,O,CO,
as confirmed by WRS (fig. 8). A study of the
stability of lanthanum oxide thin films
elsewhere also arrived at similar conclusions
(Kale et al., 2005; Bahari et al, 2011).
Obviously, this carbonate phase explained, on
the one hand, the relatively short propagation
of the laser beam in wave guiding
configuration and the high refractive index of
the layer on the other hand.

The Waveguide Raman spectroscopy
(WRS) result of La,0, waveguide heat-treated
at 600°C is shown in Figure 8. WRS is a non-
destructive method which provides a measure
of the average parameters of the analyzed
waveguide.

2-Theta - Scale

Fig. 7: X-ray diffraction spectra of La,0O, sol-gel thin films.

The Raman bands are located at 106,
190, 246 and 410cm’, respectively, and these
peaks are due to polycrystalline La,O,
according to literature (Ibanga et al, 2003).
This result confirms that the prominent phase

La,O, is consistent with the XRD patterns.
The Raman frequency at 235c¢m”, which is not
assigned to the La,O, Raman scattering,
proves that another phase exits.
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Fig. 8: Waveguide Raman spectroscopy analysis of a La,0, sol-gel film excited with a 647.1nm krypton

beamatroomtem perature.

Conclusion.

Sol-gel route has been discovered a
technique that has never been used or is scarcely
used for thin film deposition of La,O,. It is
deliberately employed in this work to prepare
La,O, thin films exhibiting waveguiding
properties suitable for optical and electrical
applications.

In this study, waveguiding La,O, thin
films have been obtained by the Sol-gel
process. These waveguides are characterized
using m-line spectroscopy, spectroscopic
ellipsometry, XRD, and WRS. M-line
spectroscopic measurements revealed that the
refractive index on Pyrex substrate is
1.592+0.001 for 543.4nm wave length and
thin film thickness of 850nm and 1.589+0.001
on silicon wafer and thickness of single layer
is between 40 and 60nm. Similar results were
obtained for spectroscopic ellipsometry
measurements.

The XRD measurement revealed that
monoclinic La,0, was obtained with carbon
impurity in the form of Lanthanum oxide
carbonate. Waveguide Raman spectroscopy
experiment conducted on waveguiding
samples, confirmed that, the nanocrystalline
phase in the wave guide is mainly La,O,. It is
established for the first time, that
nanocrystalline Sol-Gel prepared La,O, thin
films could be used as planar optical
waveguide.

References

Alexazder VI, Lyseuuo SV, Baranova SV
(2006). Thermally Stable Materials
Based on Mesostructured Sulfated
Lanthania. Mesopor. Mater.,, 91:
254-2600.

Anguscuik, E. R., M. Domauski, W. Andrzej
(2001). Investigation of Multilayer
Plannar Waveguide Parameters Using
M. Line Spectroscopy Method of
Biological Liquid Sensing. Proc. SPIE
4597,PP. 144—-150.

Bahari, A., A. Anasari and Z. Rahmani (2011).
Low Temperature Synthesis of La,O,
and CrO, by Sol-Gel Process, Journal

of Engineering and Technology
Research, (7), pp.203-208

Bahari, A., P. Morgen, Z.S. Li (2008). Ultra
Thin Silicon Nitride Films on Si(100)
Studied with Core Level
Photoemission. Surf. Sci., 602: 2315-
2324,

Bahari, A., U. Robenhagen, P. Morgen (2005).
Growth of Ultra Thin Silicon Nitride on

Si(111) at low temperatures. Phys.
Rev. B.,72:205323-205329.



122

Balsubramanian (1981). Electrical
Conductivity of La,0O, Thin Films, Thin
Solid Films. Vol. 78, pp. 229-243.

Boldish S.I. and W.B. White (1979).
Vibrational Spectra of crystals with A-
type Rare Earth Oxide Structure I,
La,O,, and Nd,0,, Petrochemical Acta,
35A,1235-1242.

Bube R.H., A.L. Fahrenbruch, F.C. Wang and
J. Ng (1980). Abstract of the Fourth
Annual Photovoltaic Advanced

Research and Development Conference,
Colorado, P.217.

Cantel C.D. (2003). Optical Waveguides,
Lecture notes prepared for EE6310, Erik
Johnson School of Engineering and
Computer Science, University of Texas
at Dallas.n

Cao J, H Liu, M. Zheng, X. Chang, X. Ma, A.
Zhang, Q. Xu (2005). Controllable
syntheses of hexagonal and lamellar

mesostructured lanthanum oxide. Mater:
Lett., 59:408-416.

Chopra K. L. and R.D. Suhit (1983). Thin Fil
Solar Cells: Plenum Press, New York

and London. P7.

Cole C. (1995). Broadband Antireflection
Coatings from Spacecraft Optics, Ph.D.
Thesis. Department of Cybernetic,
University of Reading, U.K. pp. 61.

De Asha, A M. Critchly and R.M. Mix (1998).
Molecular Absorption Characteristics of
Lanthanum Oxide Surfaces: The
Interaction of Water with Oxide Over
Layer Grown on Cu(IIl), Surf- Sci. 404:
201-214.

Duan, G., C. Zhang, A. Li, X. Yang, L. Lu, X.
Wang (2008). Preparation and
characterization of mesoporous
Lanthania Made by Using a Poly (methyl
methacrylate) Tamplate. Nanoscale Res.
Lett.,3:118-122.

Forastiere M.A., R.M. Montereali, A. Pace,
S. Pelli, M. Piccinini and G.C. Righini
(2003) Leaky Modes in Lithium

A Study on Optical Waveguide Application of Lanthanum 11l Oxide (LA,O,) Thin Film Prepared ...

Fluoride thick films, thermally
Evaporated on Glass, J. Opt.
Communication, 217:249—256.

Gao Y.M., P. Wu, K. Dwight and A. Wold
(1991). Growth and Characterization of
Thin Films of Y,0,, La,O, and LaCuO,,
Journal of Solid State Chemistry, 90:
228-233.

Hohlbein, J., U. Rehn and R.B. Wehrspohn
(2004). In-Situ Optical Characterization

of Process alumina, J. Phys. Stat. Sol.(a)
201(4): 8036-8078.

Huang C.C., D.W. Hewak and J.V. Badding
(2004). Deposition and Characterization
of germanium Sulphide Glass planar
Waveguides-optic Express 12(11):
2501-2506.

Ibanga E.J., C. Le Luyer and J. Mugnier
(2003). Zinc Oxide Waveguide
Produced by Thermal Oxidation of
chemical Bath deposited Zinc Sulphide
Thin Films, J. Materials Chemistry and
Physics, 80:490 -495.

Ilican, S., Y. Caglar, M. Caglar (2008).
Preparation and Characterization of
ZnO Thin Films Deposited by Sol-gel
Spin coating Method, Journal of

Optoelectronics and Advanced
Materials, 2578 -2583

Kale, S.S., K.R. Jadhav, P.S. Patil, T.P. Gujar,
C.D. Lokhande (2005).
Characterization of Spray deposition
Lanthanum Oxide (La,0,), Thin Film
Materials Letters 59:3007.

Niemiem M., M. Putkonen and L. Niimisto
(2001). Formation and Stability of
Lanthanum Oxide Thin Films
Deposited from fp-Dikertonate,
Precursor, App. Surf. Sc. 174,155-165.

Ohring Miltone (2002). Materials Science of
Thin Films: Deposition and Structure,
2" Edition; Academic Press, Sam
Diego, CA92101-4495, USA.



Nigerian Journal of Pure & Applied Sciences Vol. 6, 2014. 123

Shun-Chung C., G. B. Bertrand and H.A. Urlacher C. and Mugnier J. (1996).

Macleod (1995). Optical Constant Waveguide Raman Spectroscopy Used
Calculationover an Extended Spectral for Structural Investigation of ZrO,, Sol-
Region: Application to Titanium Film, J. Gel Waveguiding Layers, J. Raman
Appl. Opt. 34(31): 7355-7459. Spectroscopy27:785-792.

Urlacher, C., C. Marco, De Lucas and J. Wang S., W. Wang and Y. Qian (2000).
Mugnier (1997). Chemical and Physical Preparation of La,O, Thin Films by
Aspects of Sol-Gel Process for Plannar Pulse Ultrasonic Spray Method, Thin
Waveguides Elaboration: Application to Solid Films. 372: 50-53.

Zirconia Waveguides, J. Syn. Met. 90:
1999-204.



