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Abstract 
 
 A novel plasmonic holographic screen consisting of three nano-scaled slits is proposed to produce sub-
wavelength near-field focusing at optical frequencies. This design is inspired by near-field holographic screens 
constructed at microwave frequencies as well as the concept of plasmonic optical antennas.  This paper demonstrates its 
focusing capability through both theoretical analysis and 3D fullwave simulations.  With a simple structure of three slits 
on a metallic sheet, this transmission screen can be readily implemented using current nano-fabrication technologies. 
The design simplicity offers promise in fields such as nano-lithography and sensing.  
 

1.  Introduction 
 
 Near-field imaging systems capable of producing sub-wavelength resolution have attracted much interest in the 
photonics community.  Their ability to focus the evanescent components of an illuminated object allows them to break 
the conventional barrier of “diffraction limit”, and leads to the formation of concentrated sub-wavelength light spots on 
the order of nanometers.  While such imaging systems hold promise to novel applications ranging from bio-imaging and 
sensing to photolithography, there has been considerable challenge in achieving sub-wavelength resolutions in the 
optical regime. The main difficulty here lies in the plasmonic behavior of metals at optical frequencies, which disallows 
a direct downscaling of metamaterial superlenses whose sub-wavelength focusing capabilities have been successfully 
demonstrated in the microwave regime [1].  Nonetheless, following an earlier theoretical prediction by Pendry [2], 
Zhang et. al. achieved sub-wavelength resolution in the optical regime but at the electrostatic limit using a “silver 
superlens” [3].  In their work, a 35nm planar silver slab enhances the evanescent components of sub-wavelength 
objects, and thereby forms a clear image at the output surface of the slab with a resolution of one-sixth of the 
illumination wavelength.  On a related front, an intriguing structure was proposed that utilizes anisotropic plasmonic 
structures to project a near-field image and its sub-wavelength features to the far field [4, 5].  However, in both cases 
the working distance between the object and the lens is limited to deeply sub-wavelength spacings. 
 
 To overcome these limitations, in this paper we introduce a very simple sub-wavelength focusing screen 
designed through the application of holographic principles in the near field. A similar concept was previously proposed 
at microwave frequencies, where rectangular slits cut on a ground plane form a transmission function that transforms 
plane-wave illumination into a near-field sub-wavelength focus [6, 7].  The screen enables enhanced field transmission 
through the sub-wavelength slits due to the resonance effect.  The next few sections describe the basic theory and 
operation of such a near-field focusing system. Moreover, three-dimensional fullwave simulations are shown to 
demonstrate its sub-wavelength focusing capability. The differences between similar structures at microwave 
frequencies and their optical adaptations are also highlighted.  In both cases, the simple structure leads to relative ease 
of fabrication. 
 

2. Theory and Operation 
 
 Holography is a “wavefront construction” technique to capture the intensity as well as the phase information of 
a wave scattered from an object [8].  This technique is based on interfering the scattered wave with a reference wave of 
the same frequency.  It leads to the construction of a transmission screen, also known as a hologram, which can yield a 
virtual and a real image of the object under illumination by a reference plane wave.  Applying holography in the near 



field can reproduce both the propagating and evanescent components of the image, which results in a sub-wavelength 
resolution.  The experimental setup of the proposed  sub-wavelength focusing system is illustrated in Fig. 1.   
 

 
Fig. 1 Experimental setup of the near-field sub-wavelength focusing system.  

 
Imaging can be achieved by scanning the resulting sub-wavelength spot over the object to be imaged and detecting the 
resulting backscattering.  Similar to [6, 7], the field distribution at the image plane is chosen to be a two-dimensional 
point source, which has the form of, 
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This contains rich evanescent waves in the near field, therefore allowing the formation of a spot with sub-wavelength 
resolution.   The derivation of the transmission function is done through the backward propagation analysis of the 
spectrum at an auxiliary plane close to the image plane.  The reason to choose the auxiliary plane instead of the image 
plane is to avoid the singularity of the desired image pattern in (1) [6, 7].  Both propagating and evanescent components 
are present at the auxiliary plane, and the spectrum has the form of, 
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where K0 is the zero order modified Bessel function of the 2nd kind.  Next, through amplification of evanescent waves 
during the back-propagation process, we obtain the spectrum at the screen to be, 
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Note that the above two spectrums are truncated within the bandwidth limit of 5k0 in order to preserve enough 
evanescent wave components in (3) while avoiding its diverging nature.   The spot size, in the calculations, is therefore 
governed by this truncation.   The field distributions in the image plane and of the hologram are obtained through the 
inverse Fourier analysis, and the results are illustrated in Fig. 2 and Fig. 3 accordingly.  The formed beam has a peak-
null bandwidth of λ0/10, which corresponds to a 5-fold improvement over the diffraction limit.  The 3dB beamwidth, 
which will later be compared to the simulation results, is approximately λ0/10.  

  
Fig. 2 Field pattern (Ex) at the image plane                            Fig. 3 Field pattern (Ex) at the screen  



 
Finally, the transmission pattern in Fig. 3 is approximated by placing slits λ0/10 away from each other, as illustrated in 
Fig. 4a), in order to satisfy the sampling theorem. The slits act as slot antennas operating near resonance, whose size is 
varied to produce a field strength in accordance with the transmission pattern.  The sampled field distribution is 
illustrated in Fig. 4b), where the peak values follow the pattern of Ex = 1, -1/2, 1/5, -1/10, …with respect to x=0.  
 

     
       a)  Proposed transmission screen                          b) Approximated transmission pattern 

 
Fig. 4 Implementation of a “metascreen” that approximates the transmission field distribution in Fig. 3. 

 
3. Simulations 

 
 Due to the plasmonic behavior of metal at optical frequencies, the adaptation of the near-field focusing system at 
the optical regime has several differences compared to the microwave design.  For example, the length of resonant slot 
antennas is significantly smaller due to the short effective wavelength of the surface plasmon mode excited along the 
antenna arms [9, 10].  Another characteristic is the excitation of surface plasmon modes on the metallic transmission 
screen, which results in a non-vanishing tangential electric field component along the metal surface.  This tangential 
component also contributes to the field pattern seen at the image plane.  Additionally, the scattered electric field from 
the plasmonic screen contains a stronger longitudinal component, which does not contribute to the sub-wavelength 
focusing.   
 
 Three-dimensional fullwave simulations are conducted using Ansoft’s High-Frequency-Structure Simulator 
(HFSS) for a screen consisting of three slits at 830nm with the geometry listed in Table 1. Silver is used as the 
plasmonic material. At 830nm, εr_silver = -31.27-i1.14.  The results for both a perfect electric conductor (PEC) and a 
plasmonic screen are presented in Fig. 5a) and b) respectively.  It can be observed that for a PEC transmission screen, 
the image resolution has achieved a 3dB beamwidth of 0.093λ0, which is approximately the same as that of the 
theoretical analysis in Fig. 2. On the other hand, the plasmonic screen features an enhancement of the 3dB resolution 
down to 0.04λ0.  However, there is a tradeoff of a higher sidelobe level as the beamwidth becomes narrower.   
 

      
    a) Perfect electric conductor screen                                              b) Plasmonic screen 

 
Fig. 5 Sub-wavelength focusing at the image plane due to a 3-slit “metascreen”. 



 
Table 1: Comparison of the sizes of slits on the PEC screen and the plasmonic screen  

 PEC screen Plasmonic screen 
Middle slit 33.2x439.9nm 20.75x300nm 
Side slits 20.75x332nm 20.75x100nm 

 
4. Conclusion 

 
 A transmission screen inspired by the principle of near-field holography is proposed to produce sub-wavelength 
focusing at optical frequencies.  The design is composed of a silver screen consisting of three nano-scaled slits, which 
act as plasmonic antennas that approximate a prescribed transmission field pattern.  Compared to near-field imaging 
systems at microwave frequencies, the plasmonic slits exhibit much shorter physical lengths and demonstrate an 
improved image resolution at the expense of a higher sidelobe level.  This proposed simple “metascreen” structure can 
lead to easy fabrication at optical frequencies. 
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