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Abstract—Electro-optic effects of PbZrs,Tip405(PZT) and
BaTiO3(BTO) ferroelectric thin films in the terahertz frequency
range are studied with high-sensitive terahertz time-domain
spectroscopy (THz-TDS). A linear response of PZT film with the
linear electro-optic coefficient rc=6.73x10-11 m/V, and a
quadratic response of BTO film with the second-order
electro-optic coefficient Rc=1.42x10-17 m2/V2, are observed at
the frequency of 1 terahertz under the applied static electric field
less than 80 kV/cm. The calculation of rc and Rc based on the
Landau-Devonshire free energy theory explains the different
electro-optic effects of PZT and BTO well.

[. INTRODUCTION

T ERAHERTZ (THz) communication has been proposed as a
promising way to further improve the transmission rate and

capacity due to its higher carrier frequency.[1] Although
THz communication has many advantages over optical fiber
and microwave communications, it has not been widely used in
our daily life due to the lack of well-developed devices, such as
effective THz external modulators.[2] The ferroelectric thin
films, with large nonlinear polarizabilities and electro-optic
coefficients, are good candidates for ultrafast nonvolatile
memory devices because of their extraordinary properties such
as short time response to electric field,[3] deep polarization
modulation and high detection bandwidth, especially its stable
dielectric constant in the THz band. PZT is a very promising
candidate for ferroelectric nonvolatile memory devices because
of the low coercive field and large remanent polarizations. BTO
in the tetragonal ferroelectric phase at room temperature is the
simplest perovskite structure in ferroelectrics.

II. RESULTS

In our work, we prepare PZT and BTO ferroelectric films by
pulsed laser deposition on SrTiO; substrates and study their
material characteristics and electro-optic effects in the THz
frequency range by measuring the electric field induced
birefringence with the THz-TDS. Obvious electro-optic effects
are observed in the THz frequency range. The PZT film
exhibits a linear electro-optic effect while a predominantly
quadratic and slightly asymmetric electro-optic behavior is
observed for the BTO film. We also observe an obvious
ferroelectric hysteresis phenomenon in BTO film in our
experiments. The calculated electro-optic coefficients of the
film samples in the terahertz range by means of the
Landau-Devonshire free energy theory agree well with the
experimental measurements.[4] Our findings indicate that these
two materials are potential candidates of THz modulators.
(Accepted by Appl. Phys. Lett.)
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Fig. 1. Field induced birefringence of the (001)-oriented PZT thin film in an
external electric field of up to 70 kV/cm. Red square dots are the experimental
value. Blue line is the linear fitting curve.
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Fig. 2. Electro-optic response of the (001)-oriented BTO thin film in an
external electric field of up to 80 kV/cm. Black triangle dots are experimental
value of field increasing process. Red circle dots are experimental value of field
decreasing process. Blue line is the polynomial fitting curve.
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