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1 Extended Abstract

Additive manufacturing (AM) has indisputably been a disruptive technology across many disciplines, but it can
often be viewed primarily as a substitute for traditional manufacturing processes [1]. Our goal is to develop a gen-
eral design methodology that embraces the AM ideology, opening the prospect of creating unique multi-material
microstructures with novel capabilities. Such aspirations required us to explore alternative design methods and
materials which can concurrently balance manufacturing sensitivities with the utility of design. Naturally, a major
issue with all-dielectric composition is their ability to obtain a secure diamagnetic response of the constituents [2].
Resolution of this issue means examining high-index sub-wavelength dielectric particles which have been shown
to support robust magnetic and electric dipolar resonance across the microwave spectrum [3]. Here, we offer an
alternative approach by advocating the use of a high-permittivity inclusion, water, facilitated within a low-index
dielectric matrix. Water is a natural choice providing the required functionally with additional flexibility that is
currently not substitutable in an AM context [4]. Through the deliberate distribution of the fluid within the struc-
ture directed by a topology optimisation [5] inspired routine, we show that it is possible to induce user defined
electric and magnetic dipole behaviour [6].

In this paper, we illustrate the effectiveness of our all-dielectric design methodology by creating a perfect wideband
absorber through dynamically depositing water of different graduate sizes and locations within a 3d printed host
structure that can create multiple overlapping enhanced electric and magnetic resonances. These modulations
are in-phase resulting in an impedance matched material that when coupled with the highly dispersive water can
efficiently couple impinging EM energy into the device without reflection at the interface. Thus ensuring complete
absorption of the EM energy across a wide bandwidth.

References

[1] E. Sachs, M. Cima, and J. Cornie, “Three-dimensional printing: Rapid tooling and prototypes directly from a
CAD model,” CIRP Annals - Manufacturing Technology, vol. 39, no. 1, pp. 201–204, 1990.

[2] L. Parke, I. R. Hooper, R. J. Hicken, C. E. J. Dancer, P. S. Grant, I. J. Youngs, J. R. Sambles, and A. P.
Hibbins, “Heavily loaded ferrite-polymer composites to produce high refractive index materials at centimetre
wavelengths,” APL Materials, vol. 1, p. 042108, oct 2013.

[3] S. O’Brien and J. B. Pendry, “Photonic band-gap effects and magnetic activity in dielectric composites,” Jour-
nal of Physics: Condensed Matter, vol. 14, pp. 4035–4044, apr 2002.

[4] A. Andryieuski, S. M. Kuznetsova, S. V. Zhukovsky, Y. S. Kivshar, and A. V. Lavrinenko, “Water: Promising
opportunities for tunable all-dielectric electromagnetic metamaterials,” Scientific Reports, vol. 5, pp. 13535
EP –, 08 2015.

[5] K. Svanberg, “The method of moving asymptotes—a new method for structural optimization,” International
Journal for Numerical Methods in Engineering, vol. 24, pp. 359–373, feb 1987.

[6] J. Geffrin, B. García-Cámara, R. Gómez-Medina, P. Albella, L. Froufe-Pérez, C. Eyraud, A. Litman, R. Vail-
lon, F. González, M. Nieto-Vesperinas, J. Sáenz, and F. Moreno, “Magnetic and electric coherence in forward-
and back-scattered electromagnetic waves by a single dielectric subwavelength sphere,” Nature Communica-
tions, vol. 3, p. 1171, nov 2012.


