-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by University of Birmingham Research Portal

UNIVERSITYOF
BIRMINGHAM

Lﬁ\iversit}go{Birmin am
esearch at Birmingham

Wood zone plate lens based on fishnet metamaterial

Orazbayev, B.; Navarro-Cia, Miguel; Beruete, M.

License:
None: All rights reserved

Document Version _
Peer reviewed version

Citation for published version (Harvard):

Orazbayev, B, Navarro-Cia, M & Beruete, M 2016, Wood zone plate lens based on fishnet metamaterial. in
META'16 in Malaga: The 7th International Conference on Metamaterials, Photonic Crystals and Plasmonics
Proceedings. META Proceedings: META'16 in Malaga, META Conferences, Spain, pp. 1877-1878, META'’16,
Malaga, Spain, 25/07/16.

Link to publication on Research at Birmingham portal

Publisher Rights Statement:

In addition, authors are encouraged to post and share their work online (e.g., in institutional repositories or on their website) at any point
before and after the conference.

http://metaconferences.org/ocs/index.php/META16/index/about/submissions#copyrightNotice

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

» Users may freely distribute the URL that is used to identify this publication.

» Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

» User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
» Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 01. Mar. 2020


https://core.ac.uk/display/267293762?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://research.birmingham.ac.uk/portal/en/publications/wood-zone-plate-lens-based-on-fishnet-metamaterial(b55ce8c9-26d7-4bc2-8228-816b9862fd93).html

Wood zone plate lens based on fishnet metamaterial

B. Orazbayevl*, M. Navarro-Cia’, and M. Beruete'*
' Antennas Group — TERALAB, Universidad Piblica de Navarra, Pamplona, Spain
*Institute of Smart Cities, Universidad Piblica de Navarra, Campus Arrosadia, 31006 Pamplona, Spain
3School of Physics and Astronomy, University of Birmingham, Birmingham B15 2TT, UK
“corresponding author: b.orazbayev@unavarra.es

Abstract- A study of a low-profile hybrid Wood zone plate fishnet metamaterial lens working at /=
99 GHz is presented. The use of fishnet metamaterial with effective refractive index close to zero (n
= 0.51) as a medium for Fresnel zones allows to reduce the reflections from the metalens and
increase the overall efficiency, while maintaining low profile, low cost and ease of manufacturing.
The performance of metalens was analyzed numerically and confirmed experimentally,
demonstrating a good agreement.

The Fresnel zone plate lenses possess high reflections from the opaque rings (the even or odd zones), which
deteriorate the focusing efficiency. In the Wood zone plate lens (WZPL) this disadvantage is overcome by
replacing the opaque rings with dielectric rings that produce fields with a m phase difference with respect to the
original transparent ring zones. When the refractive indices of the materials used for the even and odd zones are
similar, the lens becomes thick and heavy. On the other hand, high index contrasts enable thinner lenses but at
the expense of impedance mismatch with free-space, which causes a focusing efficiency reduction. [1], [2].

To tackle this problem, here we propose a hybrid half-wavelength WZPL based on a fishnet metamaterial.
The fishnet metamaterial, which consists of closely-packed subwavelength hole arrays working under
extraordinary optical transmission [3] [see Fig. 1(a)], can have a refractive index less than unity (for the design
reported here, n = 0.51) and therefore enable faster m phase difference between odd and even zones. Moreover,
the fishnet metamaterial has the potential to minimize reflection, increasing the overall efficiency of the lens. In
our metalens’ design four periods of fishnet metamaterial (plus one dielectric layer as a protection cover) are
used, which provide a good trade-off between total thickness and electromagnetic performance in terms of
insertion loss. Therefore, the total thickness of the metalens is w = 4d +f, = 1.97 mm (~0.62),) (where d,= 04
mm is the period of the fishnet metamaterial, 7, = 0.38 mm is the thickness of dielectric layer). The required
refractive index ny= 0.51 was derived from the equation of the thickness of the WZPL: w = M/(\/s,.-\/af) (where ¢,,
g is the permittivity of the dielectric and fishnet metamaterial respectively). The value of the refractive index of
the fishnet metamaterial can be adjusted by varying the diameter of the holes a, which at the design frequency f
=99 GHz (A ~ 3.03 mm) was found to be a = 1.08 mm.

Figs. 2 (c, d) show the numerically-computed electric field distribution in the xz-plane (c) and the yz-plane (d).
The focal length is FL = 22.5 mm (7.4)%) and FWHM; = FWHM, = 2 mm (0.66),) for xz- and yz-planes,
respectively. The measurement can be seen in Fig. 2 (e, f) for the xz-plane and the yz-plane, respectively. The
focal length is FL = 23 mm (7.6\) and FWHM; = FWHM, = 2.1 mm (0.69),) for xz- and yz-plane respectively.
Thus, the numerical and experimental results are in good agreement.
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Fig.1. (a) Fishnet metamaterial unit cell. (b) Fabricated WZP fishnet metamaterial lens. Normalized electric field distribution

in xz-plane (c.e) and yz-plane (d,f) for numerical (top) and experimental (below) results.
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Fig. 2. Normalized radiation pattern for E-plane (a) and H-plane (b) (simulation and experimental).

The performance of the fishnet WZPL in lens-antenna configuration was also analyzed. The normalized
numerical and experimental radiation patterns are shown in Fig. 2 (a, b) for E- (a) and H-plane (b) respectively.
It is obvious that the radiation patterns for the main lobes are in good agreement, however the side lobes are
higher in the experiment. This can be explained by the higher ratio main/sidelobe in numerical results, which
results in lower lobes in the normalized radiation pattern.
Finally, a relatively high gain of 16.6 dB was measured at the design frequency f = 99 GHz while the
numerical gain is 24.3 dB. This disagreement may be explained by experimental errors (misalignment, accuracy
of distance measurement) and by defects in the fabrication (non-perfect contact between dielectric and metallic
plates, errors in the radius of the holes) and effective substrate losses higher than nominal values.
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