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As feature sizes of circuits and devices approach 100 nm and chip frequencies climb into the
upper gigahertz to terahertz range, it becomes increasingly important to have a convenient method
of characterizing properties of thin dielectric films in the GHz to THz frequency range [1]. To
measure the dielectric and optical properties of materials at THz frequency, a THz time-domain
spectroscopy has been utilized during past decade. However, if the thickness of the material is
comparable or thinner than the wavelength of the terahertz wave, the phase and amplitude changes
by dielectric materials tends to be difficult to measure with the THz time-domain spectroscopy. To
solve this difficulty, a THz differential time-domain spectroscopy was introduced [2], [3].

In this paper, the dielectric and optical properties of a 100 nm tantalum oxide dielectric film at
THz frequency is investigated, using the THz differential time-domain spectroscopy. If a THz wave
is incident on a thin layer 2 between air 1 and a substrate 3 from the air toward the substrate, a
transmitted electric field due to multi-reflection is given by [4],
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where Eo, tiz, to3, rai, and rz are incident electric field, transmission, reflection coefficients between
interfaces, and &(w) is the phase shift of thin film medium. On the other hand, if defined as
Emf(‘”)='13’31Eo(w)exP(iwd/C) and Ean®)=E()-Ee() and assumed as d<<c/w, Eiig @)/ Erer (@) for an

absorbing material is approximated and extended to following equation.
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(2)
where n and k are the real and imaginary parts of complex refractive index of the thin layer. If
one can measure the phase and amplitude of Egi( w)/Erei( w), the dielectric and optical properties
can be deduced from relations, e =r‘-K . e=2nk, and a=2 wk/c . For the experiment, a THz
emitter was used, which was driven by a 100 femto-second pulse from a Ti:sapphire laser to
produce the coherent THz wave radiation while the electro-optic detector was gated by the laser
pulse split from the laser for the coherent THz wave detection.

A 100 nm tantalum oxide film was prepared by reactive sputtering (ion bombardment) of a Ta

172



B33e3] 200295 AT ES (2002. 7. 15~16)

metal in oxygen atmosphere and the differential measurement of the THz wave was performed. The
dielectric property of tantalum oxide was known in the megahertz range [5] and it varies 20 to 100.
Figure 1(a) shows the differential waveform in the 100 nm tantalum oxide film. The amplitude of
the measured differential signal was 3 % of the reference signal. Figures 1(b)-(d) show the
measured dielectric and optical properties of the 100 nm tantalum oxide film. The measured
averaged values of the real and imaginary parts of the dielectric constant and optical constant of
the tantalum oxide film were & =59, &= 18 n =77k = 007 ~ 017, and a = 24 ~ 100 cm .

In conclusion, the THz differential time-domain spectroscopic method is applied to characterize
the dielectric and optical properties of the 100 nm tantalum oxide thin film at THz frequency. The
dielectric and optical properties of the tantalum oxide show reasonable data with previously available
data. The THz differential time-domain spectroscopy might be applied to the measurement of the

dielectric and optical properties of nano scaled thin films of several materials, which cannot be done
by any other method.
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Figure 1. The THz differential signal (a), €& , the real part, &, the imaginary part of complex dielectric

constants (b), n, the refractive of index, k, the extinction coefficient (c), @, absorption coefficient (d) in
the 100 nm tantalum oxide film.
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