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	Fig. 1. Under investigation is a planar layered (Si/PE)n/D(Si/PE)n/Si  photonic crystal resonator containing a central defect. 1, monochromatic diverged incident beam Jl; 2, collimated outgoing beams Jr/2, 3, electromagnetic field reservoir; 4, mirror walls of the reservoir; φr, output angle; Δθ and δθ are the input and output divergence of beam, correspondingly. 


A planar photonic resonator containing unitary defect in the middle of the structure can exhibit a system of extraordinary narrow resonance peaks of transmission on the background of perfect reflection. Here, the properties of standing modes inside the polyethylene (polypropylene)/silicon plane resonators in the total intrinsic reflection region and unusual manifestations of THz transmission spectra in centimeter and millimeter wavelength range were studied. It is shown that the angle and frequency half-widths of the resonance peak can be less than 10-9 of the magnitude of angle and frequency in dependence on the number of periods. This allows one to form collimated beams with the divergence measured in a fraction of a microdegree. It is shown that a plane resonator containing a central defect transforms the frequency divided peaks into the outgoing-transmitted beams of various directions like a prism transforms light. This opens the way for precision measurements of angle and frequency distribution of THz radiation. It is proposed to use the existing extremely sharp peaks of transmission in planar resonators containing a central defect for aims of spectroscopy and metrology. A new spectroscopy technique is proposed based on the existing sharp transmission resonances using the conception of accumulating reservoir of electromagnetic field. An extra-high extent of collimation resulting from the usage of defected photonic resonators gives an opportunity to form long and stable channels of communication and energy transportation in the THz frequency range.
Photonic structures have a wide spectrum of applications in science and technology such as night-vision applications, safety and defense, sensing, communication applications, signal processing and many other areas. A great attention attracts the resonator properties of photonic structures. Some extraordinary forms of reflection and transmission occur inside the area of perfect reflective reflection windows occur in photonic crystal (PhCr) resonators accompanied by extremely sharp local resonances of transmission. The system under consideration is shown in Fig. 1. A monochromatic diverged incident beam Jl passes from the source S into the resonator (Si/PE)n/D(Si/PE)n/Si through an electromagnetic field reservoir (EFR). The latter allows one in a lossless process to concentrate inside the radiation of different directions with the angular white noise distribution. The source frequency should be matched with the calculated resonant curve which occupies interval (590.76, 692.75) GHz at the chosen geometrical sizes of resonator. Depending on the quality of the source, the initial beam divergence Δθ may be large enough. The task is to collimate a diverging monochromatic beam. After interaction with resonator, any wave with a wavevector out of the transmission peak zone reflects back into the EFR space whereas waves inside the peak angular interval pass through the collimator with a significantly lowered divergence δθ. We suppose that a stochastic angular distribution of field is created inside the EFR and distribution of power along the axis OX is homogeneous. Owing to the perfect mirror walls of the reservoir the density of field inside the EFR increases up to state of saturation when the energy flux of the output beam Jr plus flux of losses become equal to energy flux of the input beam Jl. A very close problem was considered in [1] for a resonator contacting with metal: a 90 GHz beam being initially diverging in a wide angle interval has decreased its divergence up to 0.4° in the vicinity of the direction 22.5° after passing the metalized silicon-propylene resonator. An advantage of a metalized resonator is its ability to form narrow transmission resonance lines against the background of perfect reflection. The reason is the uniform mirror metallic reflection in the entire frequency interval. The disadvantage is the inevitable loss of power, which leads to a reduction in the output power of the THz searchlight. The considered above semiconductor-dielectric structures are characterized by the practically absent heat losses or scattering in the transparency region of materials. Therefore only the geometrical losses caused by escaping of radiation through the resonator faces are retained and as well as that inside the source of THz radiation. We are taking into account two possible channels of energy leakage: through the lateral sides of the PhCr and one more arising due to the reverse flow immediately through the source window. We suppose here that the intensities of radiation Jl and Jr reflected or transmitted through the resonator are proportional to the average density of energy inside the EMW reservoir. The characteristic time τ of the energy accumulation process depends on the input and output sections, the angle dependence of transmission for the chosen frequencies in the vicinity of 600 GHz, and volume of the EMW reservoir. For the adopted parameters: Il =0.1 W/cm2, source section 12.5 cm2, output section 12.5 cm2, EMW reservoir volume 1257cm3 τ equals approximately 3.78 ms. The ratio of energy loss on the reservoir walls and the reverse flow through the source section was taken as 28%. As a result, we have a strongly collimated beam with the angular HWHM δθ close to 0.123 μDeg and output intensity Jr =0.07142 W/cm2. Our evaluations show that electromagnetic energy of saturation inside the electromagnetic box depends on the leakage through the windows. In the considered case, the accumulated inside the EFR energy approximately equals to 4.723 mJ and the saturation is practically reached during ≈35 ms with the characteristic time τ≈3.778 ms. The resonant curve angular HWHM essentially depends on the structure optical contrastivity and the number of periods.
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