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Abstract/Résumé

The metamaterial based on two planar photonic crystals was used on experimental express analysis of liquids. The metamaterial operates at a
frequency of about 9.5 GHz, and has a small size. It was shown experimentally that when the liquid in container was placed in the resonance region at
the interface of the two photonic crystals the parameters of resonance peak of transmission coefficient were changed. It was shown experimentally
that different liquids have a different character of depending of the inverse Q-factor and the resonance frequency of the resonance peak on the
distance from the interface of the photonic crystals to the container with liquid, and this dependence leads to one-to-one identification of such liquid.
Thus, the ability of express analysis of liquids in a container by using a metamaterial based on two planar photonic crystals is demonstrated
experimentally.

Le métamatériel a base de deux cristaux photoniques planaires a été utilisé sur | 'analyse expérimentale rapide des liquides. Le métamatériau
fonctionne a une fréquence d'environ 9.5 GHz, et a une petite taille. Il a ét€ montré expérimentalement que lorsque le liquide dans le récipient a été
placé dans la région de résonance a l'interface des deux cristaux photoniques, les paramétres du pic de résonance du coefficient de transmission ont
été changés. Il a été démontré expérimentalement que différents liquides ont un caractere différent de dépendre du facteur Q inverse et de la fréquence
de résonance du pic de résonance sur la distance de l'interface des cristaux photoniques au récipient avec du liquide et cette dépendance conduit a un-
A-un d'identification de ce liquide. Ainsi, la capacité de l'analyse expresse des liquides dans un conteneur en utilisant un métamatére basé sur deux
cristaux photoniques plans est démontrée expérimentalement.

1 Introduction

At present, the express analysis of the liquid placed the container is an actual task. Such analysis is required for the fast
non-contact identification of liquids, which can be used, for example, in airports in order to filter out liquids in bottles
that are forbidden to transportation. Some devices aimed on this purpose are known today. They are based on small
perturbation theory [1], which was successfully implemented for instance, in [2], where the cylindrically shaped
dielectric resonators are described. They operate at frequencies of about 2 GHz, and have a relatively large size.
Therefore, the miniaturization of such devices up to the pocket size is of quite importance. In the present work the
metamaterial based on two planar photonic crystals [3] has been applied for the experimental express-analysis of liquids
at the resonance frequency about 9.5 GHz.

2 Experiment and data analysis

The physical base of the technique is the following. As it was shown earlier [3, 4], metamaterial based on two planar
photonic crystals with some certain parameters possess a set of passbands and stopbands in the spectrum. The narrow
resonance transmission peak, identified as electrodynamic analog of "Tamm" state, appears in one of stopbands. For the
formation of the peak in the transmittance spectrum of the metamaterial the effective resistance for the two photonic
crystals at a certain frequency must be equal, and this frequency must be within the stopbands of both photonic crystals.
At the frequency of the peak the electromagnetic energy concentration occurs in the vicinity of the interface of two
photonic crystals [3]. The resonance field is partially illuminated to the ambient space.

The experimental setup for the study of planar metamaterials is shown in Figure 1 (b). It consists of the metamaterial
under study in microstrip design, connected by a coaxial-microstrip adapters and coaxial cables with a vector network
analyzer Agilent N5230A for the measuring of the transmission coefficient of electromagnetic waves in the frequency
range 9-10 GHz. Two-coordinate scanning device was used for precise positioning of the measured liquid in the
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container relative to the interface of two photonic crystals [5]. It allows to set the coordinates of the container by a
computer with precision less than 0.1 mm.

adjustment
module

Vector

8 Network
Analyzer

planar
metamaterial

(b)
Figure 1: (a) Photo of metamaterial based on two planar photonic crystals for experimental express analysis of liquids;
(b) photo of the experimental setup

The additional adjustment module is a system including the LED laser, optical divider element and a photodetector
which are arranged in the axis along the side of the metamaterial. An important condition is to place the dividing
element in the area of E-component of electromagnetic wave maximum. The technique of adjustment is the following.
At the moment when the circular cylindrical container is centered, the intensity of E-component of the electromagnetic
wave of laser beam reflected from the surface of the container improves according to the laws of geometrical optics,
and the beam moves toward the divider. By passing through the dividing element, the laser beam hits the photodetector,
which detects a maximum signal from the beam. In the case where container is shifted, the laser beam is declined and
does not reach the photodetector. Thus the signal from the beam falls to zero. This design allows to localize fully
measured object (possessing the circular cylindrical shape) in space.

The resonance peak frequency and its Q-factor are determined by measured frequency dependence of the transmission
coefficient of the electromagnetic wave as follows. First, the least-squares method of approximation of the transmission
coefficient spectrum by Lorenz curve shape is carried out, which has the form

T=ct+—— & 1)
l+b(f - fres)2

where a, b, c, fs are adjustable parameters. The parameters of the resonance peak are defined by obtained
approximation dependence: the resonant frequency f, Q-factor Q= f_/b-(1+ ﬁ) /2 for the width of the curve at the
level 1/+/2 from the maximum value.

During the experiment the parameters of peak, such as resonance frequency and the inverse quality factor are
determined. It was shown experimentally that when the liquid in container was placed in the resonance region at the
interface of two planar photonic crystals the parameters of resonance peak (the "Tamm" peak) are varying. At fixed
distance from the interface of the photonic crystals to the container (the bottle) with liquid, we have only one (a single)
point in the graph with coordinates of the peak resonance frequency f.s and inverse Q-factor [2]. When this distance
Shyar is changed, we obtain a set of these peak parameters. It is suitable to present them as some certain curve on a graph
(figure 2).
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Figure 2: The inverse Q-factor and the resonance frequency for the various distances from the interface of the photonic
crystals to the container and for the different liquids in bottle

It was shown experimentally the different character of dependence of the inverse Q-factor and the resonance frequency
fes ON the distance ohy,, for the different liquids in bottle (figure 2). Note that the large losses in the liquid lead to peak
Q-factor decreasing, and the above-described curve is shifted up. The liquids based on water solutions with a large
absorption have the highest reverse quality factor. Ethyl alcohol has the intermediate values, and gasoline is almost no
effect on the reverse quality factor of the peak due to small losses. Thus, rapid express analysis of liquid may consist in
the selection of such previously measured curve for the known liquid which is most closely approaches the measuring
of the unknown liquid, which leads to its identification. To improve the reliability of liquid identification it is possible
to carry out measurements at multiple frequencies, that is possible for such type of metamaterials [4].

The investigation of the influence of the ethyl alcohol concentration in water to the shape of dependence of the inverse
Q-factor and resonance frequency on the distance oh,,, was carried out (figure 3). It can be seen that dependences on the
figure are clearly distinguishable, which makes it possible to estimate the alcohol concentration in solutions on the
express analysis of liquids.
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Figure 3: The inverse Q-factor and the resonance frequency for the various distances from the interface of the photonic
crystals to the container and for the different concentration of ethanol in water

3 Conclusions

Thus, the technique for express-analysis and control of liquids is developed. The technique is presented at frequency of
about 9.5 GHz; thus the device which has been designed for this technique has quite small size. It was shown
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experimentally the different character of dependence of the inverse Q-factor and the resonance frequency f.s on the
distance oh,, from the interface of the photonic crystals to the different liquids in bottle. The rapid express analysis of
liquid may consist in the selection of such previously measured dependence for the known liquid which is most closely
approaches the measuring of the unknown liquid, which leads to its identification. The advantages of technique based
on the metamaterial formed by two planar photonic crystals is demonstrated experimentally.

The work was supported by NATO Science for Peace and Security Programme, NATO SPS project No. 985005
(G5005).
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