New Scheme to realize Ultra-wideband Absorber Based on TCDA-over-TCDA Structure
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Abstract - In this paper, an ultra-wideband absorber is proposed. The unit cell of the proposed structure consists of a tightly coupled dipole array (TCDA1) over another TCDA (TCDA2) that is half the height of TCDA1 (TCDA-over-TCDA structure). This structure makes the absorber to be wideband even though it is not applicable by reciprocity scheme. Depending on frequency band, the state of the TCDA2 is also changed to be on/off. When the TCDA2 is off-state, the reciprocity scheme is applied. On the other hand, when it is on-state, the reciprocity scheme cannot be applicable but, instead, frequency selective surface (FSS1) is employed to make the overall structure to be absorber.
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I. INTRODUCTION
The absorber uses a spatial filter to absorb the incident EM waves at a certain frequency band. Owing to its advantage of being operable at customized frequency bands, the absorber has attracted considerable attention from consumers. A method based on antennas in a two-port network was proposed using the reciprocity theorem, to design absorbers [1]. In this method, near-lossless antennas used as radiating devices can be adopted as absorbers because│S11│=│S22│, where 1 is the antenna port, and 2 is the Floquet port in the unit cell. A TCDA is a low-profile and wideband array antenna [2] employed as an absorber in [3]. In existing studies conducted on TCDAs, considerable effort has been invested to lower their profile and widen their bandwidth and scan range [4-7]. However, TCDA, as in [4] could not be directly used as an absorber by means of reciprocity, since the loss of this antenna is not negligible (radiation efficiency > 73 %), although it obtained the widest bandwidth of 21:1 with 0.055 λlow at the lowest operating frequency. In this paper, TCDA-over-TCDA structure is proposed to have ultra-wideband and low-profile characteristics. The reciprocity is applied when TCDA2 is in off-state, and multi-layer impedance transformer for matching plays a significant role when TCDA2 is in on-state which is similar situation of the lossy antenna [4].
II. DESIGN OF THE PROPOSED TCDA-OVER-TCDA BASED ABSORBER
In this study, the TCDA2 antenna is designed with the same ratio between the width and the height of the unit cell, p:h2=1:1, such as in conventional TCDAs. It results in the bandwidth of 5:1 (band2) with discrete port (DP) 2, as shown by the dashed line in Fig. 1(e). Notice the TCDA2 is a near-lossless antenna and becomes a wideband absorber when it is in receiving mode [1]. Also, it should be mentioned that TCDA2 results in PML boundary at P2 in band2, and this fact is used to design FSS1 of TCDA1. TCDA1 is integrated on the top of TCDA2. TCDA1 is composed of the dipole and FSS1. The dipole of TCDA1 should be designed with p:h1 ratio of 1:2 to extend the lowest operating frequency of the absorber to half of the lower bound of band2. Together with two-layer impedance transformer FSS1, the bandwidth of 2:1 is obtained with a discrete port S11, as shown by the dotted line in Fig. 1(e). The band1 in Fig. 1(e) is defined as to the lower bound of band2. It should be noticed that load resistance at TCDA2 does not absorb the power (off-state) radiated from TCDA1 in band1, since the port impedance of TCDA2 becomes almost open circuited at the band1. As a result, TCDA1, as designed above, operates as a near-lossless antenna at band1 even when TCDA2 is located under TCDA1, as in a TCDA-over-TCDA structure. Therefore, reciprocity can be applied to utilize TCDA1 as an absorber:│S33│=│S11│. Finally, if Γupper is equal to Γlower*, │S33│, in Fig. 1(c), will be 0. The FSS1 enables to match this discontinuity at P1 by the parametric study. As a result, │S33│ becomes well-matched as shown by the solid line in Fig. 1(e); therefore, our objective is attained at band2.

CONCLUSION
The bandwidth of the absorber can be extended by employing the TCDA-over-TCDA structure (2:1 × 5:1 = 10:1 bandwidth). In the frequency range where TCDA2 is in off-state, the conventional method using the reciprocity can be applied for the design of an absorber. For the on-state of TCDA2 band, the impedance-down transformer (FSS1) can be used to match the impedance difference between P1 and FP3. This results in high degree of freedom to design the ultra-wideband absorber.
ACKNOWLEDGMENT
This work was supported by Institute of Information & communications Technology Planning & Evaluation (IITP) grant funded by the Korea government(MSIT) (2020-0-00858, Millimeter-wave Metasurface-based Dual-band Beamforming Antenna-on-Package Technology for 5G Smartphone)
REFERENCES
[1] Lin, Xian Qi, et al. “Development of a resistor-loaded ultrawideband absorber with antenna reciprocity.” IEEE Transactions on Antennas and Propagation 64.11 (2016): 4910-4913.
[2] Volakis, John L., and Kubilay Sertel. “Narrowband and wideband metamaterial antennas based on degenerate band edge and magnetic photonic crystals.” Proceedings of the IEEE 99.10 (2011): 1732-1745.
[3] Wu, Changying, S. Lu, Z. Yang, and Y. Yashchyshyn. “A UWB absorber based on the TCA concept in the UHF band.” IEEE Transactions on Antennas and Propagation 68.5 (2019): 4132-4136.
[4] Moulder, William F., Kubilay Sertel, and John L. Volakis. “Superstrate-enhanced ultrawideband tightly coupled array with resistive FSS.” IEEE Transactions on Antennas and Propagation 60.9 (2012): 4166-4172.
[5] Doane, Jonathan P., Kubilay Sertel, and John L. Volakis. “A wideband, wide scanning tightly coupled dipole array with integrated balun (TCDA-IB).” IEEE Transactions on Antennas and Propagation 61.9 (2013): 4538-4548.
[6] Yetisir, E., N. Ghalichechian, and J. L. Volakis. “Ultrawideband array with 70° scanning using FSS superstrate.” IEEE Transactions on Antennas and Propagation 64.10 (2016): 4256-4265.
[7] Wang, Bingjun, et al. “Low cross-polarization ultra-wideband tightly coupled balanced antipodal dipole array.” IEEE Transactions on Antennas and Propagation 68.6 (2020): 4479-4488.
�


(a)                           (b)                     (c)                        (d)





�


(e)





 Fig. 1. The design of the proposed TCDA-over-TCDA absorber. Ei+ and Ei- are the incident and the reflected electric field at port i, respectively. FP and DP indicate Floquet port and discrete port (red cones in the figure), respectively. The port impedances of DP1, DP2, and FP are 240, 200, and 377 Ω, respectively. Resistances of lumped elements (blue cones) are 240 Ω for TCDA1 and 200 Ω for TCDA2. (a) TCDA-over-TCDA absorber. (b) Equivalent structure of the TCDA-over-TCDA absorber at band1, (c) band2, and (d) TCDA2 alone. (e) Responses of S-parameters. FP2 and DP2 have same response of │S22│ by reciprocity and │S33│ =│E3-│/│E3+│.
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