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Abstract: Silicon thin layers were deposited on glass substrates with three different 98 nm, 143 nm
and 187 nm thicknesses, under UHV conditions at room temperature. Other deposition conditions were
the same for all layers. By using spectrophotometer the Reflectance and the Transmittance of
produced layers were obtained. By using Kramers- Kronig method on reflectivity curves other optical
parameters such as, real and imaginary part of refractive index, real and imaginary part of dielectric
constant, real and imaginary part of conductivity, absorption coefficient and optical band gap energy
were calculated. The relation between silicon thickness and optical parameters were investigated and
there was a good agreement between them.
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INTRODUCTION

Knowledge on the dependence of optical constants of a material on the wavelength is very essential in
obtaining fundamental information on its optical behavior in relation to its electronic transition. This is
important in the application of the material in devices (Tong, G.B., et al., 2011). The chemical and physical
properties of thin film can be different from bulk properties of the respective materials. These film
characteristics are thickness dependent and are controlled by the deposition methods. Recent studies also
indicate that refractive index of thin films is thickness dependent and the film thickness is responsible for the
optical loss (Zhou, H., et al., 2002). Silicon is non-toxic, relatively inexpensive (silicon comprises about 26% of
the earth’s crust which makes it second in abundance only to oxygen), easy to process (a very well established
industrial infrastructure in silicon processing exists around the world), and has quite good mechanical properties
(strength, hardness, thermal conductivity, etc.) (Adam, A., et al., 2009). Silicon thin films are used in different
technological areas such as photovoltaic cells, thin-film transistors, microelectromechanical systems, and Li-ion
rechargeable batteries. Silicon dielectrics are important materials for both microelectronics and integrated
optics. They have been considered as an appropriate material for fabricating optical waveguides in broadband
communications (telecom and datacom) (Mohamed, S.H., et al., 2011). Silicon is very important material in
electronics market, dominating the microelectronics industry with about 90% of all semiconductor devices sold
worldwide being silicon based (Adam, A., et al., 2009). Currently, the vast majority of flash-memory devices
are charge storage based, fabricated in CMOS technology. Because of the increasing demand for information
storage, memory device developers and manufacturers are constantly attempting to increase storage capacity for
memory devices (e.g., increase storage per die or chip). Silicon-based devices are approaching their fundamental
physical size limits (Dima, A., et al., 2008). For several years, hydrogenated silicon (Si:H) has been used
commercially as the active sensing layer in resistive uncooled microbolometer imaging arrays in the infrared
spectral range. Si:H has been a subject of wide interest for thin film transistors and photovoltaic devices (Saint
John, D.B., et al., 2011). Hydrogenated amorphous Silicon (a-Si-H) is one of the most attractive semiconductor
materials for the elaboration of thin, flexible and cheap solar cell devices (Barhdadi, A., et al., 2009). The aim of
this work is to study the relation between optical properties of silicon thin films and their thicknesses. It has
been proven that the film thickness represents very important factor that determines the optical constants.

Experimental Details:

Silicon nanolayers were prepared on glass substrates (1x20x20 mm?®) using an ETS160 system with a
pressure of 2.9x10° mbar. The layers were obtained in the conditions of high vacuum, using a vapour
deposition method. The deposition rate used by us was 2 A/s. The purity of Silicon was 98%. Prior to the
deposition process, the substrates were cleaned with an ultrasonic-bath technique. The temperature of the
substrates was kept constant (300 K). The thicknesses of the layers were 98, 143 and 187nm. Optical reflectance
and transmittance of the layers were measured in the visible range using a Hitachi u-3310 system. The optical
constants of our samples were derived on the basis of standard Kramers—Kronig relations using computer
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techniques. Aspens & Thee’ten’s (Aspnes, D.E. and J.B. Thee'ten, 1980) data for bulk silicon were added to
calculated results for comparison.

RESULTS AND DISCUSSION

In this work Kramers- Kronig relations were used to calculate the phase angle 6 (E) (Kangarloo, H., et al.,
2010):
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where E denotes the photon energy, E, the asymptotic limitation of the free-electron energy, and R(E) the
reflectance. Hence, if E, is known, the 6 (E) can be calculated. Then the real and imaginary parts of the
refractive index were calculated, from which other parameters were obtained.

Figure 1 shows real parts of refractive index for the layers produced in this work with different thicknesses
0of 98 nm, 143 nm and 187 nm and other same deposition conditions. Aspnes&Thee ten (Aspnes, D.E. and J.B.
Thee'ten, 1980) data are also included for comparison. The general trend of our results are the same as
Aspnes&Thee’ten (Aspnes, D.E. and J.B. Thee'ten, 1980). There is a peak at 3.4 eV energy for all layers. This
peak for Aspnes&Thee’ten (Aspnes, D.E. and J.B. Thee'ten, 1980) result is sharper; which for our results is
wide and short.

As long as it can be seen from figure 1, by increasing thickness real part of refracting layers with silicon
grains and filling up the voids. There for configuration homogeneous layers.

Figure 2 shows the imaginary part of refractive index. Aspnes&Thee ten (Aspnes, D.E. and J.B. Thee'ten,
1980) data are also included for comparison. There is a peak at about 3.5 eV energy for all layers. As long as it
can be seen from figure 2 by increasing thickness, imaginary part of refractive index increases that is because of
filling voids with silicon grains, there for transmittance decreases and absorbance increases.

Figure 3 shows the real part of dielectric constant. Aspnes&Thee’ten (Aspnes, D.E. and J.B. Thee'ten,
1980) data are also included for comparison. The general trends of our results are same with Aspnes&Thee ten
(Aspnes, D.E. and J.B. Thee'ten, 1980). There is a peak at 3.4 eV energy for all layers that is sharp and tall for
Aspnes&Thee’ten (Aspnes, D.E. and J.B. Thee'ten, 1980), wide and short.

For our results, as it can be seen from figure 3, by increasing thickness real part of dielectric cons that
decreases. That is because of formation more metallic layers by increasing thickness also for thicker layers the
effect of substrate are also observed.

Figure 4, shows the imaginary parts of dielectric constant, Aspnes&Thee'ten (Aspnes, D.E. and J.B.
Thee'ten, 1980) data are also included for comparison. The general trend of our results is same with
Aspnes&Thee ten [9].

There is a peak at 3.5 eV energy for all layers. As it can be seen from figure 4, by increasing thickness,
imaginary part of refractive index increases, that depends to more absorbance.

Figure 5 shows, the real part of conductivity index. Aspnes&Thee’ten (Aspnes, D.E. and J.B. Thee'ten,
1980) data are also included for comparison. The general trend and the peak at 3.4 eV energy are the same for
all layers.

As it can be seen from figure 5, by increasing thickness, real part of conductivity index increases, that is
because of formation completed metallic silicon layers and that is in agreement with figure 3 (real part of
dielectric constant). Figure 6 shows, the imaginary part of conductivity index. The general trend of our results is
the same with Aspnes&Thee ten (Aspnes, D.E. and J.B. Thee'ten, 1980) results. The peak is at 3.4 eV energy
for all layers, sharp and tall for Aspnes&Thee’ten (Aspnes, D.E. and J.B. Thee'ten, 1980), wide and sharp for
our results.

By increasing thickness, imaginary part of conductivity index decreases that depend to absorbance as we
discussed before.

Figure 7 shows, absorption coefficient for the layers produced in this work. Aspnes&Thee’ten (Aspnes,
D.E. and J.B. Thee'ten, 1980) data are also included for comparison. The general trend of all layers is the same.
The peak at 3.4 eV is shown already. By increasing thickness absorption coefficient increases. That is because
of formation of completed layers and filling up the voids with silicon metallic grains, there for transmittance
decreases and absorbance increases.

Figure 8 shows, the calculated indirect band gap for the layers produced in this work and also for
Aspnes&Thee ten (Aspnes, D.E. and J.B. Thee'ten, 1980) data. As it can be seen the band gap energies are close
to each other at about 3.1 eV energy, but as it can be seen by increasing thickness band gap energy decreases
and this is in agreement with all optical parameter analyses.
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Fig. 1: The real part of refractive index of the layers with different thicknesses.
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Fig. 2: The imaginary part of refractive index of the layers with different thicknesses.
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Fig. 3: The real part of dielectric constant of the layers with different thicknesses.
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Fig. 4: The imaginary part of dielectric constant of the layers with different thicknesses.
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Fig. 5: The real part of conductivity index of the layers with different thicknesses.
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Fig. 6: The imaginary part of conductivity index of the layers with different thicknesses.
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Fig. 7: Absorption coefficient of the layers with different thicknesses.
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Fig. 8: The calculated indirect band gap with different thicknesses.
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Summery:

Silicon thin layers were deposited on glass substrates, under high vacuum condition, At room temperature
(300K) with three different thicknesses. Deposition angle was near normal and deposition rates were the same
for all layers. By using Kramers-Kronig relations for reflectivity curves, optical constants calculated. By
increasing thickness real part of refractive index decreases and imaginary

Parts of refractive index increases that was because of formation more completed layers and filling up the
voids, that trends to decreasing transmittance and increasing absorbance. By increasing thickness real part of
dielectric constant decreases and imaginary part of dielectric constant increases, for the same reasons there is an
increasing and decreasing trend for real part and imaginary parts of conductivity constant respectively.
Absorption coefficient increases and band gap energy decreases by increasing thickness that we discussed
before.
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