
            

Metamaterial Huygens’ Surfaces  
 

Anthony Grbic and Carl Pfeiffer 
Department of Electrical Engineering and Computer Science, 

University of Michigan, Ann Arbor, MI, USA, 48109-2122 
agrbic@umich.edu 

Metamaterials have provided unprecedented control over electromagnetic waves. However, their notable 
thickness has often lead to fabrication challenges and loss. This has motivated the development of 
metasurfaces:  the two dimensional analog of metamaterials [1]. Metasurfaces are surfaces that are textured at 
a subwavelength scale to achieve tailored electromagnetic properties. In this presentation, a new class of 
metasurfaces, referred to as a metamaterial Huygens’ surfaces, will be described [2]. These metasurfaces can 
steer, focus and manipulate the polarization of electromagnetic waves without reflection [2,3]. The surfaces 
possess both electric and magnetic responses, which allow them to be impedance matched to the surrounding 
space, thereby eliminating reflection loss. 

Inspiration for this work on metasurfaces comes from the Surface Equivalence Principle in electromagnetics: a 
vector form of the Huygens Principle. Using the Surface 
Equivalence Principle, surfaces consisting of a distribution of 
electric and magnetic polarizabilities are devised that 
produce a desired transmitted field and a zero reflected field.  
Given the excitation field and desired transmitted field, the 
required current density on the metasurface is found using 
the Surface Equivalence Principle.  By taking the ratio of the 
tangential field at the metasurface to the surface current 
density, the electric and magnetic polarizabilities of the 
surface, or equivalently its electric and magnetic surface 
impedances, are computed. The electric surface impedance is 
simply the ratio of the tangential electric field at the surface 
to the electric surface current density. Similarly, the magnetic 
surface impedance is the ratio of the magnetic surface current 

density to the tangential magnetic field. When illuminated by the source, such a surface (comprising of 
collocated electric and magnetic surface impedances) excites the current distribution needed to produce a zero 
reflected field and the desired transmitted field. For example, the Huygens’ surface in Fig. 1 converts a 
normally incident Gaussian beam into a Bessel beam with less than 1% reflection. As will be shown in the 
presentation, the required electric and magnetic surface impedances can be implemented as metallic patterns 
textured at a subwavelength scale.  

Microwave, millimeter wave and optical metasurfaces designed using the proposed procedure will be 
presented. The metasurfaces can impart arbitrary phase shifts on electromagnetic waves passing through them, 
as well as provide arbitrary polarization control. These surfaces will likely find a wide range of applications 
including: single-surface lenses, polarization controlling devices, stealth technologies, and perfect absorbers 
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Fig. 1:  A plot showing the electric field 
magnitude on either side of a metamaterial 
Huygens’ surface. The surface transforms an 
incident (from the left)  2D Gaussian beam to 
a  Bessel beam. 
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