Negative index metamaterials operating at terahertz frequencies
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Abstract

We review the various routes successfully developed so far for the fabrication of negative index metamate-
rials at Terahertz frequencies. We first consider omega-type patterns which are representative of the split ring
and wire array technologies [1]-[3] with the requirement of a grazing incidence. They can exhibit broad band
dispersion characteristic with balanced composite left- and right- handed dispersion branches. Tuneability can
also be achieved by ferroelectric layers [4] or by infiltrating the basic arrays with liquid crystals [5]-[6] modify-
ing by their reorientation the characteristic resonant frequencies. Transmission line approaches are considered in
a second stage starting from the situation of a transmission line loaded periodically by series capacitances and
self inductances [7] characterized by frequency or time domain spectroscopy. By means of the characterization
and the analysis of the dispersion characteristic of a sub-wavelength hole array operating at 0.5 THz [8] we dis-
cussed the necessary conditions for negative index with a good figure of merit. At last, we consider artificial
magnetism via the use of Mie resonance [9]-[11] targeting notably transformation optics applications.

References

[1] F.Zhang, D. Gaillot, C. Croénne, X. Mélique and D. Lippens, Low loss left handed metamaterials at mil-
limeter waves, Appl. Phys. Lett., vol. 93, p. 083104, 2008.

[2] F.Zhang, G. Houzet, E. Lheurette, D. Lippens, M. Chaubet and X Zhao, Negative-zero-positive metama-
terial with omega-type metal inclusions, J. Appl. Phys., vol. 103, p. 084312, 2008.

[3] F.Zhang, S. Potet, J. Carbonell, E. Lheurette, O. Vanbésien, X. Zhao and D. Lippens, Negative-zero-
positive refractive index in a prism-like omega-type metamaterial, IEEE Trans. Microwave Theory Tech.,
vol. 56, p. 2566, 2008.

[4] G.Houzet, G. Velu, L. Burgnies, J.-C. Carru and D. Lippens, Dispersion and loss of ferroelectric
BaSrTiO3 thin films up to 110 GHz, Appl. Phys. Lett., vol. 93, p. 053507, 2008.

[5] F.Zhang, Q. Zhao.L. Kang, X. Zhao, J Zhou, and D. Lippens, Magnetic control of negative permeability
metamaterial based on Liquid Crystals, Appl. Phys. Lett., vol. 92, p. 193104, 2008.

[6] F.Zhang, L. Kang, Q. Zhao, J. Zhou, X. Zhao and D. Lippens, Magnetically tunable left handed metama-
terials by liquid crystal orientation, Opt. Express, vol. 17, p. 4360, 2009

[71 A Marteau, G. Velu, G. Houzet, L. Burgnies, E. Lheurette, J.-C. Carru and D. Lippens, Ferroelectric tun-
able balanced right- and left-handed transmission lines, App. Phys. Lett., vol. 94, p. 023507, 2009.

[8] C.Croénne, F. Garet, E. Lheurette, J.-L. Coutaz and D.Lippens, Left handed dispersion of a stack of sub-
wavelength hole metal arrays at terahertz frequencies, to be published in Appl. Phys. Lett.

[91 D.P. Gaillot, C. Croénne and D. Lippens, An all-dielectric route for terahertz cloaking, Opt. Express, vol.
16, p. 3986, 2008.

[10] D. P. Gaillot, C. Croénne, F. Zhang and D. Lippens, Transformation optics for the full dielectric electro-
magnetic cloak and metal-dielectric planar hyperlens, New J. Phys., vol. 10, p. 115039, 2008.

[11] Q. Zhao, J. Zhou, F. Zhang and D. Lippens., Mie resonance-based dielectric metamaterials, Materials
Today (Invited Review, in press), 20009.

Acknowledgements : | would like to thank the students of the DOME group involved in the work presented here
and notably F. Zhang, G. Houzet, C. Croénne, N. Fabre, A. Borja and D. P Gaillot* along with my colleagues X.
Mélique, E. Lheurette, O. Vanbésien and V. Sadaune. Many thanks to J. Carbonell from the University of Va-
lencia, to F. Garet and J.-L. Coutaz from the Savoie University, to J. Zhou and X. Zhao from the Tsinghua and
Xian Universities respectively.

* Now in Telice group (IEMN).


mailto:didier.lippens@iemn

	Abstract
	References


