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ABSTRACT

Looking into the emerging applications of tin oxide thin films in the microwave frequency range, this paper reports
the properties of tin oxide thin films of different thicknesses (103-496 nm) on alumina substrate. The tin oxide thin
films were prepared by thermal oxidation (in air) of vacuum evaporated tin thin films. Surface morphology showed
spherical shaped particles of tin oxide. The surface roughness was found to increase with increase in oxidation
temperatures. As the oxidation temperature increases the tin oxide thin films show change from hydrophobic to
hydrophilic nature. Electrical and microwave properties of tin oxide for different oxidation temperature were
carried out. Microwave absorption were found to decrease with increase in oxidation temperature. Frequency and

oxidation temperature dependent microwave permittivity was observed. The dielectric constant varied in the range
1.6 and 2.38.
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INTRODUCTION

Tin oxide thin films are well known for its candidee as transparent electrodes in flat panel dyspkhin film solar
cells, microwave oven windows, as low emissivitgsyl etc. In addition to improved scratch resistaticeoxide

can also shield against radio frequency electromtigmadiation and reduce the infrared radiationtbe air
conditioning system [1-2]. Good mechanical chargsties, low roughness, promoting low light dispersand

good transparency for visual light, along with tdage of infra-red and ultra-violet transmission dhd recently
shown ability to reflect microwave radiation [3]canse in opto-electrical devices [4] have enhartbedscope for
research of tin oxide even in the microwave regidn.oxide is a low K material. Low K is importasince signal
propagation velocity is a function of permittivifihe tin oxide thin films are widely studied forethproperties and
applications [5] but very few reports exist on twgface and microwave properties on alumina. latgéef adhesion
in low-k interconnects is a critical issue for naelectronic devices. Tin oxide thin film has beeparted to have
high adhesion [6]. Low-dielectric constant matersatequired for the interconnect structure to tedpropagation
delays, cross-talk noise between metallization, power dissipation. Strong efforts are being inedsto find a
suitable insulator material with a dielectric camtbelow 3.0. Alumina being a very popular sultetfar high

frequency applications, the study of low K matexriah alumina may prove useful. Tin oxide thin fitan be
prepared by a number of methods [7-10].

In the present paper, tin oxide thin films haverbebtained by thermal oxidation (in air) at variomgdation
temperatures of vacuum evaporated tin thin filmamina. The contact angle of the tin oxide thimfon alumina
was studied. The variation of X band (8-12 GHz)cetamagnetic absorption of the tin oxide thin fike to
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thickness and oxidation temperature were also tigaed. Frequency and thickness dependent eleatjoetic
permittivity is also presented in this paper. Ré&pan microwave properties of tin oxide thin filmearery sparse
and those available are on glass substrate.

MATERIALS AND METHODS

Pure (99.7%) metallic tin was used as the sourdenaafor the evaporation of tin thin film on alima substrate.
Tin thin films of various thicknesses (113nm, 2063®9nm and 511nm) were deposited by resistivergeander

a vacuum of 5 x I® mbar using a molybdenum boat. After the deposittba tin thin films were oxidized in air
atmosphere at different temperature of 2B0200C, 250C and 308C for 10 minutes. The thickness of the tin
oxide thin film was 103nm, 198nm, 304nm and 496ihickness of tin and tin oxide thin films was meaasuby
XP-1 surface profiler (AMBIOS Technology) and caritangle by using contact angle goniometer (Rantehar
instruments company USA). X-ray diffraction an@ywas performed by a Philips (PW 3710) diffractéeneThe
surface morphological study was carried out by soan electron microscopy (JSM- 6360 JEOL, Japan).
Electromagnetic absorption was studied in the Xdb@@i12 GHz) using waveguide reflectometer setd4d.[The
permittivity of tin oxide thin films at microwavedquency was measured by using Voltage StandingeViRatio
(VSWR) slotted section method [12]. The measurenoénthe perturbation in the position of the maxiewad
minima gives the permittivity of the medium. Thelr@and imaginary part of the permittivity was cd#tad by
using Smith chart.

RESULTS AND DISCUSSION
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Fig.1: XRD pattern of tin oxide thin film for diffe rent oxidation temperatures on alumina (a=168C, b=200C, c=250C and d=306C)
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Figure 1 shows the XRD pattern of tin oxide thimfi XRD patterns observed at all the oxidation terapures
(1600, 2000, 2500 and 3000C) were almost similareMdence of tin was observed indicating compbedeation
of tin to tin oxide. The X-ray diffraction patteof tin oxide thin film showed the tetragonal stiwet with dominant
(002) plane, mixed with orthorhombic phase with dwamt (022) plane.

Alumina is highly crystalline. Film thickness is small that X-ray easily reach the substrate anttéenaterial
orient the direction of alumina. So peaks of alum{substrate) were overlapped by tin oxide peaks.aff the
temperatures, both the tetragonal and orthorhopiéses of tin oxide were observed. The orthorhompbase has
been reported by other workers on glass [6, 131%. existence of SnO was observed on glass stéétieposited
by the same method as used here) [8, 15] whereiasabsent on alumina substrate, indicating a nstable
structure of tin oxide on alumina as compared @sglsubstrate. Totally different phases of tin exidve been
observed on alumina as compared with those on gldsstrate [8, 15]. All the peaks are sharp indigathe films
oxidized are polycrystalline in nature. The sulistend impurity peaks are absent. As temperatureases the tin
oxide thin films becomes more crystalline. Due &ating, mobility of adatoms as well as nucleatibe mcreases
and elimination of trapped excess vacancies octichwesults in increased thin film crystallinity.was observed
that, the crystallinity of tin oxide thin films stve@d improvement with increase in oxidation duratidie crystallite
size of tin oxide thin film was calculated usingh8aoer’'s formula [16]. The crystallite size of twide thin film for
oxidation temperature 180 was 52 nm. The crystallite size was found toéase up to 52.92 nm with increase in
oxidation temperature.
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Fig. 2. SEM images of tin oxide thin film for diffeent oxidation temperatures
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Surface morphology

Scanning electron microscope (SEM) images of ti@sxhin film oxidized at different oxidation temagures is
shown in figure 2. The tin oxide thin film showepherical shaped grains. SEM image of tin oxide filim on
alumina showed grains of alumina also and on thaitide.

From the figure it is seen that the tin oxide thiim shows compact surface morphology with nonferm grains. It
is known that vacuum deposited films at lower st#tsttemperatures have very small grain sizes whibse
deposited at higher substrate temperature haverlgrgin sizes. This could be due to an enlargemktite grains
and indicating improvement of the crystal qualitghnincreasing temperature. Grain size of tin oxideticles was
increased and clearly seen from SEM image. Thengriae of tin oxide thin film was 180nm. Appearaméeew
grain growth is observed as oxidation temperatucesiases. As oxidation temperature increased #ie gize of tin
oxide thin film increased and it was 280nm.

The surface morphology of the deposited thin fildepends on the thin film growth. In this paper méa film
were deposited by vacuum evaporation technique aftet deposition oxidation was done. So the oxafati
temperature also plays a vital role in surface molmgy modification. During the thin film growth ehe are two
steps, the first step aims to form a seed layethensubstrate by the formation of nucleation centerdesired
orientations and improve the quality of thin filra i@ grows thicker. Similarly, during oxidation ofetal thin films,
first atoms move due to increased substrate terysesdtill it attains thermal equilibrium, duringhigh the adatoms
movements tries to achieve lower energy state.prbper plane orientation depends on the forcetodiciton and
bond formation between metal and oxygen atoms.

Surface roughness

The root mean square surface roughness o@n rtemperature) of crystalline alumina sulbstis24.65nm .
Table 1 shows that, surface roughness of tin oxiiie film deposited on alumina substrate. Highebs$rate
roughness of alumina, reduces the number of natidea aligning in a given x-y plane. Depositicitlain film on

rough surface provides point defects due to tbemdétion of voids trapped between rough sabst surface
and deposited thin film. However, low substnateghness helps to form most of the nanoparticies given x-y
plane [17] with less point defects.

Table 1. Root mean square surface roughness(rms) tifi oxide thin film for different temperatures

Oxidation Temperature(°C) | Root mean square surface roughness (nm
160 26.93
200 25.15
25C 23.4i
300 23.10

From the table it is seen that, the rms surfacghnass of tin oxide thin film on alumina decreas@th increase
in oxidation temperature. The variation ofrface roughness during oxidation depends aminggrowth and
reduction in point defects of the thin filmAs the oxidation temperature increases, sheface roughness is
expected to increase, due to crystallizatind grain growth with drastic grain agglomerati@8-p0]. If more
point defects are available, the oxygen atoms ocark wogether to design the substrate-film interfdta suits the
adatoms best with substrate. The films obtaiiredhis work show grain growth due to irese in oxidation
temperature (fig. 2), the decrease in rms surfaaghness may be due to more point defects in lime fi

Contact Angle
Contact angle (CA) of tin oxide thin film oxidizexd different temperature is as shown in figure 3.

The contact angle of tin oxide deposited on alundeereases with increase in oxidation temperafthie.contact
angle of tin oxide thin film being higher (195or lower oxidation temperature might be duehe tower surface
roughness obtained of the tin oxide thin films. Hoeface roughness obtained by surface profilenghaot very
reliable gives a rough idea about the nature ofstiméace. These films show hydrophobic nature.oRislation
temperature increases, the film shows hydroph#itire with low contact angle (%0 The surface roughness of the
tin oxide thin films on alumina decreases due wéase in oxidation temperature due to which theam angle
also decreases with oxidation temperature.
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Fig. 3. Contact angle of tin oxide thin film oxidizd at different temperatures
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Fig.4.Variation DC electrical resistivity of tin oxide thin film on alumina substrate
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DC Resistivity
Figure. 4 shows the graph of jpgs 1000/T which reveals that the resistivity of dample decreases with increase
in a temperature showing the semiconducting behafithe samples.
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Fig. 5. Microwave absorption of tin oxide thin films as a function of frequency

At the room temperature, electrical resistivity tof oxide thin film is of the order of 10Qcm. As oxidation
temperature increased, the resistivity of tin oxidi@ film decreased. The results obtained from D& resistivity
measurements are in good agreement with the sunfiacghology. It was found that; resistivity was thidue to
small grain size, high porosity and less defedtimshe crystallites.

In general, the electrical properties of thin filesually differ from those of bulk material becausehe essential
differences in the microstructures and the geowwdttimitations. Resistivity is actually the resoltthe combined
factors such as grain size, crystal structure,aiefand microstructure homogeneity. The high roemperature
resistivity obtained in this work can be attributedsmaller grain size of the samples. Smallerngranply large
number of insulating grain boundaries and hencatgreenergy barrier to electron conduction resgltirereby in
higher resistivity.

The activation energy represents the locationay tevels below the conduction band. The activaginergy of tin
oxide thin film changes with change in oxidatioompeerature. As oxidation temperature of film incexhshe
activation energy increased. The grain boundaaiezing is predominant there is less activatinargy and at
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higher temperature the activation energy was higkchvindicates the position of trap levels in tleengconductor
forbidden band towards the lower limit of the coctitn band. The activation energy of tin oxide tfilm was
0.023eV for low oxidation temperature whereas ighlr oxidation temperature it was 2.37eV.

Microwave absor ption

Figure 5 shows the microwave absorption in the Kebdue to different oxidation temperatures. Thidehand
oxidation temperature dependent microwave absarptias observed. The tin oxide thin film of loweickmess
and lower oxidation temperature showed ~ 0.6 altaoge as compared to ~ 0.2 for bare alumina.

Absorption of tin oxide thin films decreased askhiess increased. As oxidation temperature wagased, the
film of smallest thickness (103 nm) showed highaapson whereas the film of highest thickness (4&® showed
very low absorption. In case of tin oxide, for hégloxidation temperature the low dielectric losssvadbtained
resulting low absorption and the surface morphaalgstudies reveals that the nanosized grains feemeed for tin

oxide resulting in high surface area and hencdy algsorption (~0.6) over the whole 8-12 GHz freqiesat lower
oxidation temperatures and as oxidation temperanoeased the grain size also increased and sesultow

absorption of tin oxide. An interesting result @bed was that due to increase in oxidation tenperathe

absorption of thicker films becomes lesser thah dfhalumina.
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Fig 6. Permittivity of tin oxide thin film as a function of frequency on alumina [T1=166C,T2=200C, T3=250C and T4=300C]

119
Scholars Research Library



Vijaya Puri et al Euro. J. Appl. Eng. Sci. Res,, 2012, 1 (4):113-121

Microwave Permittivity

Figure 6 shows the graph of real)(and imaginary partel) of permittivity versus thickness for different
frequencies. Using the distance between maximiaervVSWR slotted section method, the real and inaagipart of
dielectric constant was calculated using the Clapbquation [12]

2 '

e=(14+82%4 £'= DAL e
360xd 8.686rd

Where A ¢ =Phase angle in degrég- Guided wavelength, d = Thickness of film

AA = Difference in attenuation in dB

The ¢’ of alumina is 10.2 for all frequencies amstl is 0.009. Theg' of tin oxide thin film at (8 to 12 GHz)
microwave frequencies varies from 1.6 to 2.38. Ldielectric constant was observed for lesser oadati
temperature. From the figure it is seen that hbnde” decreases with increase in frequency. Genexaliges are
reported to exhibit high polarisability and higheldictric constant, which extend in to microwaveganThe
frequency dependent dielectric permittivity is doated by reorientation of molecular dipoles. At Heg
frequencies the orientational polarization vaniséued polarisability is determined by the localizdectronic states,
the relative permittivity decreases. This dieliectsehavior of the sample can be explained by masha of
polarization [21] and also the losses may mainlgdesed by grain size and porosity. Interfaciahpoétion plays
an important role in porous materials. As tempegatincreases, agglomeration increases and hencgtyden
increases. Therefore dielectric constant incremgisoxidation temperature. Imaginary part of digtic constant
(") varies between 0.0064 and 0.024. Imaginary jradicates the extent of dielectric loss in the fildks
temperature of oxidation increases the dielectiss ldecreases.

CONCLUSION

Tin oxide thin films deposited by thermal oxidatigim air) of vacuum evaporated tin films on alumiaee

polycrystalline in nature with normal tetragondileustructure. The grain size of the tin oxidentfilm deposited on
alumina substrate increases with increase in ariddaémperature. Due to increase in oxidation tewatpee the tin
oxide thin films change from hydrophobic to hydrdigch These tin oxide thin films have less absorbing reaind

it was observed that absorption decreases withe@ser in oxidation temperature. As oxidation termfuee

increased, dielectric constant also increased valsadlectric loss decreased. For particular tleskrand oxidation
temperature, the tin oxide thin films showed absorplesser than alumina. Such type of materials lcave

applications as overcoat on microstrip componemisiprove the properties.
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