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Abstract
By using spectroscopy investigations in the 0.3 – 3 Thz range we have analyzed the dielectric properties of both BaTiO3 (nanoparticle) and BaTiO3 - styrene butadiene styrene

nanocomposite films. The obtained results are discussed in terms of filler concentration effect on the dielectric properties analyzed in variable temperature.

Ot

Fig. 1 Experimental setups for THz spectroscopy investigation a) Transmission setup for solid 
samples, b) Transmission setup for liquid samples and c) Reflection setup for solid samples

Methods

- Spectroscopy investigations were performed in range of 0.3 – 3 THz and
temperatures between 200 C and 1000 C (for solid samples) using both transmission
and reflection configurations (Fig. 1)
- Since there were investigations in transmission and reflection for solid and liquid
targets, pure, diluted in Toluen or mixed with polymer, the easiest comparison of the
properties is performed in between the refractive indexes (strongly bounded with the
dielectric property real part values)

Aims

Ba1-xSrxTiO3 (0x0.7) nanoparticles dielectric properties both as pure or mixtures

materials are crucial parameters for electronic applications and need to be monitored

and controlled. Variation trends in mixtures and variable ambient temperature

conditions are aimed in the present studies.

Background

Titanium-containing Ba1-xSrxTiO3 (0x0.7) perovskites materials have attractive
applications in highly capacitive inorganic films for energy storage and transistor
applications not only because they have a large band gap (>3 eV) which can limit the
leakage current but also because they have a high optical transparency, mechanical
flexibility and excellent thermal stability coupled with a ferroelectric instability [1] and
also BaTiO3 (nanomaterials) possess much higher dielectric constant values than
polymers which vary in a wide range depending on the Sr content [2]. Also, their
surface composition can be engineered via simple ligand-exchage reactions and,
therefore, they are amenable to stabilization in solutions in both polar and non-polar
solvents yielding dielectric inks. Nanoparticles can be used in the large scale design of
high-k films in electronic devices via additive manufacturing (3D printing), roll-to-roll
processing on a broad range of substrates and nano-scribe (3D nanolithography)
fabrication processes.
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Results
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Conclusions

⚫ Diffractive index and respectively dielectric constant general tendencies are:
- to decrease with embedded particle concentration
- to decrease with particles size
- to decrease with temperature

⚫ Trends seem similar both in liquids and polymer mixtures

Fig. 4 Refraction index dependence  on nanoparticle size in polymer

Fig. 2 Refraction index dependence on nanoparticle 
concentration in polymer a) 10nm, b) 20 nm 

diameter and c) in Toluen solution

Fig. 5 Refraction index dependence on nanoparticle concentration in a) pure BTO target, and in different concentrations in polymer at b) 200 C, c) 500 C and d) 700 C temperatures
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⚫ Refractive index (and respectively
the dielectric constant - Real part
in inset graph) are decreasing
with nanoparticle concentration
both in polymer and liquid
(toluen).

⚫ We should however remark that
small concentrations of
nanoparticles tend to increase
polymer respectively toluen
medium refractive index, but
enhancement is temperature
dependent, decreasing with the
temperature

⚫ Refractive index (and respectively
the dielectric constant - Real part)
is decreasing with the increase of
the embeded nanoparticle’s
diameter in polymer.

⚫ We should remark that the
relative decrease of the refractive
index is diminised by the increase
of the ambient temperature

⚫ Refractive index (and respectively the dielectric constant - Real part) is decreasing
with the increase of the ambient temperature. Relative decrease is effective both in
pure samples (Fig. 5 a) and polymer with different nanoparticles concentrations
(Fig. 5 b), c ) and d)).

⚫ We should remark that decrease is also dependent on the embeded nanoparticle
size and material temperature

⚫ We mention that at temperature over 700 C (measurements not presented here)
the refractive index start to decrease because of the polymer degradation


