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Abstract

In this paper, we explain the concept of higher symmetries,
their implications and possible applications—within
electromagnetic technology.

1. Definition of Higher Symmetries

There are two types of higher symmetries: glide and twist
symmetry. A periodic unit cell possesses twist symmetry if
it is repeated after a translation and a rotation [1,2].
Mathematically, this means that for a period d in z
direction, a p-fold twist-symmetric structure will be
invariant under the following transformation:

z—z+dp
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with ¢ and r being cylindrical coordinates, and p an integer.
On the contrary, a unit cell will be glide-symmetric if it can
be repeated after a translation and a mirroring [3,4], which
can be expressed as follows:
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For example, in Fig. 1, we have represented a two-
dimensional glide-symmetric structure. The unit cell is
rectangular, with periodicity d in these two dimensions.
Additionally, the unit cell is mirrored vertically to produce
the top layer.
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Figure 1. Two-dimensional glide-symmetric periodic
structure. The unit cell is rectangular, and it is composed
by a conical shape inserted in both bottom and top layers.

Implications and Applications of Higher
Symmetries

Higher symmetries have demonstrated to produce
interesting features for a given number of applications. For
example, in [5-7], glide symmetry demonstrated to be able
to increase the bandwidth of operation, and in [8,9] to
increase the density of the materials. These properties can
be employed to produce, for example, Luneburg lenses,
which find application in high frequency 5G antennas.

Additionally, glide-symmetric holey metallic unit cells
were demonstrated to produce broadband bandgaps, in
contrast to conventional holey structures. These properties
created an opportunity to produce cost-efficient version of
gap-waveguide technology [10-12], and contact-less
flanges with low leakage [13].

More recently, glide-symmetric unit cells have been
employed to enable low-dispersive propagation in co-
planar waveguides and slots [14, 15], which are suitable to
produce low-dispersive leaky wave antennas.

Finally, more exotic configurations based on twist
symmetries have been recently studied [16-18]. Twist-
symmetric structures demonstrated to produce low-
dispersive responses [16,17] and bandgaps that associated
to their symmetries [17,18]. These configurations find
application for low-dispersive leaky-wave antennas, and
low-loss fully-metallic high frequency technology as
reconfigurable filters and phase shifters.

It is remarkable that higher-symmetric structures require
a large coupling between sub-elements in order to produce
a distinctive behaviour when compared with conventional
technology. This has also motivated the recent
development of numerical and analytical methods which
can characterise these structures. These methods include
circuit models as in [19] and mode matching technique as
introduced in [20-22].

3. Acknowledgment

The authors would like to thank to Prof. M. Ng Mou
Kehn at the National Chiao Tung University in Taiwan, Dr.
R. Mitchell-Thomas at the University of Exeter in the
United Kingdom, Dr. A. Algaba-Brazalez at Ericsson in
Sweden, and Prof. E. Rajo-lglesias at the Carlos llI
University of Madrid in Spain. They contributed to develop



part of the theory and experiments summarized in this
paper.

4. References

1. A. Hessel, M.-H. Chen, R.-C. Li, and A.-A. Oliner,
“Propagation in periodically loaded waveguides with
higher symmetries”, Proceedings of the IEEE, vol. 61, no.
2, pp. 183-195, 1973.

2. P.-J. Crepeau and P.-R. Mclsaac, “Consequences of
symmetry in periodic structures,” Proceedings of the IEEE,
vol. 52, no.1, pp- 3343, 1964.

3. R. Mittra and S. Laxpati, “Propagation in a wave guide
with glide reflection symmetry” Canadian Journal of
Physics, vol. 43, no. 2, pp. 353-372, 1965.

4. R. Kieburtz and J. Impagliazzo, “Multimode propagation
on radiating traveling-wave structures with glide-
Symmetric excitation”. IEEE Transactions on Antennas
and Propagation, vol. 18, no. 1, pp. 3-7, 1970.

5. O. Quevedo-Teruel, M. Ebrahimpouri, and M. Ng Mou
Kehn, “Ultrawideband metasurface lenses based on off-
shifted opposite layers”, IEEE Antennas and Wireless
Propagation Letters, vol. 15, pp. 484-487, 2016.

6. K. Liu, F. Ghasemifard, and O. Quevedo-Teruel,
“Broadband metasurface luneburg lens antenna based on
glide-symmetric bed of nails”, in 2017 11th European
Conference on Antennas and Propagation (EUCAP), pp.
358-360, March 2017.

7. M. Ebrahimpouri, O. Quevedo-Teruel, and A. Grbic,
“Broadband planar luneburg lens antenna using glide-
symmetric meandered transmission lines”, in 2017 IEEE
AP-S Symposium on Antennas and Propagation and
USNC-URSI Radio Science Meeting, July 2017.

8. A. A. Brazédlez, L. Manholm, M. Johansson, O.
Quevedo-Teruel and J. Miao, "Investigation of a Ka-band
Luneburg lens made of a glide-symmetric holey structure,”
2017 International Symposium on Antennas and
Propagation (ISAP), Phuket, Thailand, 2017, pp. 1-2.

9. O. Quevedo-Teruel, M. Ebrahimpouri, F. Ghasemifard,
“Lens Antennas for 5G Communications Systems”, IEEE
Communications Magazine, in press.

10. M. Ebrahimpouri, E. Rajo-Iglesias, Z. Sipus, and O.
Quevedo-Teruel. “Low-cost metasurface using glide
symmetry for integrated waveguides”, in 2016 10th
European Conference on Antennas and Propagation
(EuCAP), pp. 1-2, April 2016.

11. M. Ebrahimpouri, O. Quevedo-Teruel, and E. Rajo-
Iglesias, “Design guidelines for gap waveguide technology
based on glide-symmetric holey structures”, |EEE

Microwave and Wireless Components Letters, vol. 27, no.
6, pp. 542-544, June 2017.

12. M. Ebrahimpouri, E. Rajo-Iglesias, Z. Sipus, and O.
Quevedo-Teruel, “Cost-effective  gap  waveguide
technology based on glide-symmetric holey EBG
structures”, IEEE Transactions on Microwave Theory and
Techniques, in press.

13. M. Ebrahimpouri, A. Algaba Brazalez, L. Manholm, O.
Quevedo-Teruel, “Using glide-symmetric holes to reduce
leakage between waveguide flanges”, IEEE Microwave
and Wireless Component Letters, in press.

14. M. Camacho, R.-C. Mitchell-Thomas, J.-R. Sambles
A.-P. Hibbins, and O. Quevedo-Teruel. “Designer surface
plasmon dispersion on a onedimensional periodic slot
metasurface with glide symmetry”, Optics Letters, vol. 42,
no. 17, pp. 3375-3378, 2017.

15. M. Camacho, R.-C. Mitchell-Thomas, A.-P. Hibbins,
J.-R. Sambles, and O. Quevedo-Teruel, “Mimicking glide
symmetry dispersion with coupled slot metasurfaces,”
Applied Physics Letters, vol. 111, no. 12, pp. 121603, 2017.

16. O. Dahlberg, R.-C. Mitchell-Thomas, and O. Quevedo-
Teruel, “Reducing the dispersion of periodic structures
with twist and polar glide symmetries”, Scientific Reports,
vol. 7, no. 1, pp. 10136, 2017.

17. F. Ghasemifard, O. Quevedo-Teruel, “Study of
propagation characteristics in a waveguide with twist
symmetric holes”, Metal7, the 8th International
Conference on Metamaterials, Photonic Crystals and
Plasmonics, Incheon, South Korea, July, 2017.

18. Q. Chen, F. Ghasemifard, O. Quevedo-Teruel,
“Dispersion Analysis of Coaxial Line Loaded with Twist-
Symmetric Half-Rings”, 2018 International workshop on
antenna technology (IWAT 2018), Nanjing, China, March
2018.

19. G. Valerio, Z. Sipus, A. Grbic, and O. Quevedo-Teruel,
“Accurate equivalent-circuit descriptions of thin glide-
symmetric corrugated metasurfaces”, |IEEE Transactions
on Antennas and Propagation, vol. 65, no. 5, pp. 2695-
2700, May 2017.

20. G. Valerio, Z. Sipus, A. Grbic, O. Quevedo-Teruel,
“Nonresonant modes in plasmonic holey metasurfaces for
the design of artificial flat lenses”, Optics Letters, vol. 42,
no. 10, pp. 2026-2029, 2017.

21. F. Ghasemifard, M. Norgren and O. Quevedo-Teruel,
"Dispersion Analysis of 2-D Glide-Symmetric Corrugated
Metasurfaces Using Mode-Matching Technique,” IEEE
Microwave and Wireless Components Letters, vol. 28, no.
1, pp. 1-3, Jan. 2018.

22. G. Valerio, F. Ghasemifard, Z. Sipus, O. Quevedo-
Teruel, “Glide-Symmetric All-Metal Holey Metasurfaces



for Low-Dispersive Artificial Materials: Modelling and
Properties”, submitted to IEEE Transactions on Microwave
Theory and Techniques.



