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Abstract:  We demonstrate enhanced light funneling through subwavelength features at optical 

frequencies using an epsilon near zero (ENZ) material layer. The bulk optical properties of our 

material are characterized, as well as the transmission through a subwavelength slit filled with the 

epsilon near zero material. Our results are supported by numerical simulations and semi-analytical 

mode matching techniques. 

Next-generation photonic structures designed for integration with electronic devices, or for subwavelength imaging, 

will require the development of effective methods for confining and controlling light in subwavelength geometries.  

In particular, understanding and enhancing the coupling of optical frequency free-space, or classically wave-guided, 

modes to subwavelength optical components, using semiconductor-compatible materials with controllable optical 

properties, is of primary importance.  To this end, there has been much recent interest in ENZ materials [1,2]. 

Subwavelength waveguides filled with ENZ materials have been studied [3] and tunneling through these 

waveguides at ENZ-frequencies has been observed [4,5]. Other work has shown efficient transmission through 

subwavelength ENZ-filled waveguides with 90⁰ and 180⁰ bends [6]. Here we show enhanced transmission, at 

optical frequencies, through a subwavelength slit filled with a bulk ENZ material free of resonant inclusions. 

Our material consists of a thin (1.15µm), highly-doped, InAsSb layer epitaxially grown on a semi-insulating GaAs 

substrate.  Broadband spectral characterization of the material shows the plasma frequency at p=8µm.  Samples 

with subwavelength slits fabricated into the ENZ layer were characterized, and clear transmission peaks were 

observed for TM polarized light at ENZ wavelengths (Fig. 1(c)).  For larger slit widths, the significant free carrier 

absorption of the charge carriers in our highly doped InAsSb layer prevents enhanced transmission at ENZ 

frequencies when compared to control samples fabricated with undoped GaAs filling the slit (no InAsSb layer).  

However, as the slit size decreases (Fig. 1(d)), more light is transmitted through the ENZ samples when compared to 

the control GaAs samples, despite the significant free carrier absorption.  These results demonstrate the possible 

utility of ENZ materials for enhanced coupling to ultra-subwavelength photonic structures and geometries.  
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Fig. 1. COMSOL simulation of =8µm TM-polarized light transmission through a 1µm slit (a) without and (b) 

with InAsSb ENZ layer.  (c) Experimental (solid) and Modeled (dotted) transmission spectra for 1 µm slit for 

TM (red) and TE (blue) polarized light.  (d)  Transmitted intensity at ENZ frequency for TM (red) and TE 

(blue) polarized light incident on subwavelength slit with (solid) and without (dashed) ENZ layer as a function 

of slit size.   
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