3-level broadband THz antireflective structure on silicon surface
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The development and production of broadband antireflection coatings for the THz frequency range has been a promising and relevant task for several years. Currently, only antireflection coatings optimized for a specific frequency and representing a polymer film deposited
on an optical element are commercially available [1].
In this paper we want to show the results of research on the antireflection properties of a
three-level structure fabricated on a low-resistance silicon substrate. Here, broadband antireflection (BBAR) structure was required to manufacture a broadband THz radiation absorber.
Such a broadband perfect absorber can be used as a sensitive element in THz imaging systems
[2] or THz waves detection [3]. Antireflection properties of BBAR structure were obtained
using THz time-domain spectroscopy (THz-TDS) methods.
As a substrate for a THz absorber, we decided to use a low-resistivity silicon, since it has a
high absorption in the THz range. It was necessary to reduce Fresnel losses on air-substrate
interface to increase the amount of absorption. For this, we decided to create an antireflective
coating [4] or antireflective structure [5] on one side of the silicon substrate.
To realize a broadband antireflection effect, we produced a 3-level structure on the one
side of the silicon substrate. Such a structure was realized by the method of reactive ion etching (Bosch process) [4,6].
To produce a sample device we used p-type silicon substrate with a diameter of 50 mm
and 500 μm thickness (Fig. 1).

Fig. 1. Scanning electron microscope (SEM) images of the sample device
To characterize the antireflective properties of the produced sample, the transmission and
reflection measurements were carried out on the free-space PCA-based terahertz time-domain
spectroscopy (THz-TDS) system.

Fig. 2. Experimental setup
THz-TDS system operates in 0.2-2.5 THz range and has a spectral resolution of at least 5
GHz. General scheme of a system and the experimental setup is shown on Fig. 2. In our experiments we measured both, bare silicon substrate and fabricated sample with 3-level antireflective structure. Reflectance was measured under the normal angle of incidence. Reflection
from the one side of a sample decreased from 28-30% to less than 3% in 0.5 – 2 THz range
(Fig. 3). The absorption spectra of the sample is presented in Fig. 4.

Fig. 3. Reflectance spectra of the produced sample
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Fig. 4. Absorption spectra of the produced sample
In conclusion, it meant to be said that such structures can be used for reflection reduction
at the air-silicon interface of transmissive silicon optical elements [4,6] in the broad range of
the THz frequencies. Also, it could be optimized for the certain frequency range.
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