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Abstract : Samarium oxide (Sm,0s) thin films were deposited on glass substrate by using spin coating
technique. These films were characterized for their structural, functional, optical and luminescent properties by
means of XRD, micro Raman, UV, FTIR and Photoluminescence respectively. Optical absorption coefficient
a()) had been evaluated in the inter band transition energy region and the obtained energy gap in between
3.15eV to 3.48eV. The XRD patterns of deposited thin films exhibited an amorphous nature at low temperature
and transferred the polycrystalline stated at above 550° C. Raman active modes of spin coated thin films
revealed obviously B-type of Sm,0s. The FTIR analysis confirmed the presence of Sm-O stretching vibrations
(v-Sm-0) in all the samples. The coated Sm,0O5 thin films are transparent at low energy of visible region and an
excellent absorbency at higher energy of UV region. The Photoluminescence (PL) spectra of Sm,O3; have
exhibited both blue and visible emissions.
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Introduction:

In thin film science and technology, Rare Earth metal Oxides (REO) have been intensively studied for
numerous application such as microcircuit elements, photoelectric devices, MIS structures, electrical switches,
reprogrammable memory elements and optical devices. Rare earth oxides are examples of such materials,
which are characterized by high values of dielectric constant, high resistivity chemical and thermal
stability[1,2]. Samarium oxide is a rare earth oxide (REO) belonging to the lanthanide (lll) series. It is an
attractive REO material to achieve the comparable dielectric properties as La,Os. Sm,0; thin films had been
prepared and reported by various techniques like Physical Vapor Deposition (PVD)[3-9], Chemical Vapor
Deposition (CVD)[10-13] and hydro-thermal method whereas sol-gel spin coating method is in meager hence
in the present study sol-gel spin coating has been chosen to prepare Sm,03 film. The prepared thin films are
subjected to be investigated on structural, optical, Raman shift, functional group and luminescent properties of
Samarium oxide thin films.
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Experimental
Samarium oxide (Sm,03) thin films were synthesized by spin coating technique using samarium acetate

hydrate (CH3CO,)Sm.H,0 as the starting materials. At first 0.01M of Samarium acetate was added in the 5ml of
distilled water and allowed to mix through the magnetic stirrer to obtain homogeneous mixture. Prior to
deposition, the glass substrates were cleaned with chromic acid, ethanol, detergent, deionized water and
acetone. Consequently as for the sol-gel process, 0.02M of Poly Vinyl Pyrrolidone (PVP) was added into the
above solution as coating additive. The mixed solution was stirred vigorously at 60° C for 30 mins. The filtered
solution was deposited onto a glass substrate by a single wafer spin processor. After setting the substrate on the
substrate holder onto the spin coaters, the coating solutions was dropped and spins casted at different rpm such
as 2000, 2500 and 3500. The obtained thin films were annealed at 550°C and 600°C.

Results and Discussion
X-ray Diffraction Analysis

The XRD pattern of different rom and various annealed temperature of the spin coated Sm,0O3 thin films
is shown in Fig 1. The film coated at room temperature is not shown in figure, because it is being in amorphous
form.

When the obtained film coated at 2000 rpm and annealed at 550° C exhibits, the planes 202 and 220 at
20=22° and 24° respectively. These emerging planes are due to Sm,03 which is an indication of crystallization
of Sm,O3 which is an indication of crystallization of Sm,0O; from amorphous [14, 15]. As rpm increases at
2500 the intensity of the plane 220 remain same whereas the reflection at 202 has attained diminutive in
intensity.  This tendency of change in reflections reveals that, the textured growth of Sm,O; cubic
crystallization on the substrate.

Few new reflections at (200), (111), (310) plane were noticed when the film coated at 3500 rpm and
annealed at 550° C. The persistent reflection at 220 and 202 had vanished consecutively. The noticed new
reflections state to us the formation of Sm,03 had cubic poly crystallization on substrate surface. According to
Gin-YaAdochiet.al., and Baker et. al., the formation of cubic structured Sm,Os3 is B-type rare earth sesquioxides
in behavior [16, 17]. This type of Sm-oxide is stable at low temperature and at ordinary pressures [18].

The Sm,O; thin films coated at various rpm and annealed at 600° C is shown in fig.1 (d,e). As
temperature increases all the diffraction reflections had been disappeared and the reflection (202) is only
appeared. This shows that the conversion of cubic crystalline of Sm,O3 into monoclinic Sm,0; crystalline
structure [12]. The formation of the monoclinic phase at higher temperature will consistent with the (binary)
phase diagram of Sm,0s, wherein the monoclinic phase is preferred at higher temperatures. Therefore the cubic
phase is being favored at lower temperatures.
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Fig 1. XRD spectra of Samarium Oxide thin films prepared with different rpm and annealing
temperature
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FTIR Analysis
Fig 2 (A-E) shows the Fourier Transform Infrared spectra of Sm,O3 thin films. The shallow peak is

centered at 528 cm™ is ascertained due to stretching vibration of Sm,0s molecules present in the prepared thin
films. This existence is irrespective of all rpm and annealed temperatures. A kink at 843 cm™ and the sharp
peak at 109 cm™ are assigned due to v-CO3* present in the sample which may be due to the preparation of the
sample in open atmospheric condition [12, 19]. A weak band at 1401cm™ and a shoulder at 1519 cm™ can be
assigned due to stretching vibration of C=C and C-N functional groups present in the basic compounds of Poly
Vinyl Pyrrolidone (PVP). A broad and weak band at 2915 cm™ has been assigned due to C-H stretching
vibration of PVP. A strong and broad band at 3510 cm™ and a very sharp band at 3727 cm™ are due to v-OH
vibrations.
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Fig 2. FTIR spectra of prepared thin films at various rpm and annealing temperature

Raman Spectroscopic Analysis

Raman active phonons spectra of various rpm and annealed temperature spin coated Sm,O; films
structure again confirmed by the XRD analysis report (Fig 1). This confirmation is good agreement with White
and Keramidas and Gouteronet.al., [20-21]. Moreover 4 of all the 21 Raman active modes were predicted by
group theory for B-type Sm,O; structure were also observed. The observed lines at 457 cm™ ,335 cm™, 152 cm™
can be assigned to A, modes and 424 cm™can be assigned to B, and Ay modes [22-24].
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Fig 3. Raman of Samarium oxide thin films at different rpm and annealing temperature
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UV-Vis Spectroscopic Analysis

The spectral distribution of absorbance was measured at nearly normal incidence in the wavelength
range 300-1100 nm for the Sm,O; films deposited at different temperatures and at different rpm is shown in
fig(4) (A-E). From the fig. (4), it is found that in the visible region, the films have good absorbance. In the IR
region the absorbance decreases and the films became transparent. Further it is observed that the absorption
increases with increase in rpm for the films deposited at 550° C and 600° C. It is also observed that, the
absorption edge is shifted to the longer wavelength side (red shift). This is attributed that, the 4f-5d electronic
transitions had occurred in the Sm*?ions. These time of bands have shown that some Sm*? ions were converted
into Sm** ions. This also explains the observed increase in the UV region 326nm and the decrease of intensity
of the absorption bands are situated in between 300 nm and 500 nm. So, this UV-Vis spectroscopic data show
the conversion of the Sm** to Sm?* species in the same time with oxidation processes of oxygen.
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Fig 4. The absorption spectra of Samarium oxide thin film at different rpm and annealing temperature

The optical band gap for the above films has been calculated from the relation between absorption
coefficient (a) and the incident photon energy (hv) [15]. The plots of (ahv) versus hv for the Sm,O; films
deposited at different annealing temperatures and different rpm is shown in fig. (5). Extrapolation of the linear
portion to (ahv)?=0 gives the direct allowed band gap values for the deposited films. The energy gaps of the
prepared thin films are found in between 3.15 eV to 3.48 eV.
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Fig 5. The optical band gap of samarium oxide thin films with various rpm and annealing temperatures
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Photoluminescence study

The PL spectra of Sm,O; films deposited on glass substrate at different temperatures and at different
rpm are shown in fig 6. A broad band observed at 435 nm is due to the strong emission originated from shallow
donor levels of oxygen vacancies present in valence band levels of Sm. The low energy peak is observed at 411
nm. The other weak peaks at 462 nm are due to pronounced donor-acceptor pair transition and its phonon
replicas and the other relatively strong UV peak which is caused by optical replicas.
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Fig 6. PL spectra of Sm,0O; films prepared at different temperatures and at different rpm

Conclusion

Sm,0; thin films fabricated on glass substrate by sol-gel spin coating with different rpm successfully.
The X-ray diffraction patterns of deposited thin films exhibited an amorphous nature at low temperature and
transferred the polycrystalline state at above 550° C. Raman active modes of spin coated thin films revealed
obviously B-type of Samarium oxide. This is confirmed by X-ray diffraction analysis due to an effect of
annealing temperature. The stretching vibration of Sm,O; at 540 cm™ was detected by Fourier Transform
Infrared Spectroscopy. The coated Samarium oxide thin films are transparent at low energy of visible region
and an excellent absorbency at higher energy of UV region. The calculated optical band gap of coated thin
films has varied in between 3.15eV to 3.48 eV.
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