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Abstract  –  In this communication, we propose and demonstrate the ability to produce photonic 

nanojets using high refractive index dielectric particles immersed in air. An extremely narrow 

focus is produced just at the output surface of the proposed 2D and 3D particles with a spatial 

resolution of ~0.14λ0 and ~0.06λ0, respectively. In addition to the focusing performance, the 

imaging capabilities is also studied by introducing metallic spheres within the region of the 

photonic nanojet demonstrating that distances between objects as small as ~0.06λ0 can be 

distinguished with the proposed structures.  

I. INTRODUCTION

Overcoming the intrinsic diffraction limit of electromagnetic waves has become a prominent research area for 

decades in order to improve the spatial resolution of imaging systems. This is due to the fact that the scattered field 

produced by small features is prominently evanescent. Hence, the detection of such rapidly spatially decaying 

fields is difficult to achieve [1]. Within this realm, different techniques have been proposed in order to improve 

imaging systems and overcome the diffraction limit such as metamaterials [2], [3], superoscillatory focusing 

devices [4], [5] and microspherical dielectrics [6]. Additionally, photonic nanojets (PNJ) were also proposed 

several years ago (and demonstrated at optical frequencies) in order to produce focal spots with high-intensity and 

improved spatial resolution [7].  

PNJs are non-evanescent and narrow beams produced just at the output surface of a cylinder/sphere (2D/3D) 

illuminated with a planewave. To produce a PNJ, the refractive index contrast between the particle (n) and the 

background medium (n0) should be n/n0 < 2. By doing this, a narrow focus with a resolution in the order of λ0/3 

can be achieved (λ0 as the incident wavelength) [7]. However, one of the issues is that the overall radius of the 

dielectric particles should be r > λ0 which may not be suitable for compact applications. Different geometries have 

been also proposed in order to produce PNJs, in addition to cylinders and spheres, such as gradient index particles 

[8], cones and ellipsoids [9] and cuboids [10]–[13], to name a few.  

Inspired by the opportunities offered by PNJs and the necessity of improving imaging devices for microscopy 

and sensing applications, in this work we propose an alternative and intriguing technique to produce high-spatial 

resolution PNJs using high index dielectric particles immersed in vacuum, i.e., high index contrast between the 

dielectrics and the background medium (n/n0 >> 2). With this technique, the Weierstrass formulation for solid 

immersion lenses [14] is used in the design of 2D/3D dielectric cylinders/spheres with a more compact size (r = 

0.55λ0). It will be shown how the resolution of the PNJ can be highly improved with this technique achieving 

values of up to ~0.06λ0 [15]. 

II. DESIGN AND FOCUSING PERFORMANCE

To begin with, the schematic representation of the dielectric structure is shown in Fig. 1a. It consists of a 

dielectric cylinder/sphere immersed in vacuum (n0 = 1). Titanium Dioxide (TiO2) is used for the dielectric particles 

because of its high refractive index and low loss at the design frequency of f0 = 50 GHz (λ0 = 6 mm), Re{n} ~ 9.59 

and tan δ ~ 0.05, respectively. As shown in [15], preliminary studies with the full 2D cylinders demonstrated that 

the PNJ was produced inside of the dielectric because of the high index contrast  n/n0 >> 2 (more details will be 

provided during the conference). To move the PNJ just at the output surface of the dielectric, the Weierstrass 
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formulation for solid immersion lenses [14] is used and the profile of the 2D cylinder is cut at the distance a from 

its center (see Fig. 1a) using the following simple equation: 

 

 𝑎 = (1 + 𝑛−1)𝑟 − 𝑟 (1) 

 

With this configuration, the numerical results of the power distribution on the xz(H)-plane for a 2D cylinder 

and 3D sphere are shown in the insets of Fig. 1b,c where a clear PNJ is produced at the output surface of the high 

index dielectric particles. The numerical results of the intensity enhancement (defined as the ratio between the 

power distribution with and without the dielectrics) distribution along the transversal x axis is shown in Fig. 1b,c. 

As observed an extremely narrow focus is produced by the 2D/3D structures with a Full-Width at Half-Maximum 

(FWHMx,y, defined as the distance along the x/y axis at which the power distribution has decayed half its 

maximum) of FWHMx ~ 0.14λ0 for the 2D case and FWHMx ~0.08λ0 and FWHMy ~0.06λ0 (the small difference 

observed between both spatial resolutions may be because of the finite number of data points acquired during the 

calculation which can introduce a small variation of the beam width at the focal position) for the 3D sphere, 

demonstrating the ability to achieve record resolutions with the proposed technique. 

 

 
Fig. 1. (a) Schematic representation of the proposed high-index dielectric structure to produce PNJ’s. Numerical results of 
the intensity enhancement along the x axis at the output surface of a 2D cylinder (b) and 3D sphere (c) after applying the design 
procedure shown in panel a. The power distribution on the xz-plane for both 2D/3D cases are shown as insets (b,c). 

 

 

III. BACKSCATTERING ENHANCEMENT FOR IMAGING 

 

To further evaluate the performance of the proposed high-index dielectric particles, the imaging capabilities 

were also studied. For this case, two gold (Au) spheres with a subwavelength diameter (0.067λ0) were placed just 

at the output surface of the 3D high-index dielectric sphere and moved along the x and y axes. By doing this, the 

backscattering enhancement (calculated as the backscattering with and without the spheres) was evaluated (Fig. 

2a). As observed, a variation of the scanning-probe technique is used with the dielectric particle as the probe. 

Different distances between the Au spheres were considered (more details will be provided during the conference).  

 

 
Fig. 2. (a) Schematic representation of the configuration used to evaluate the imaging capabilities of the proposed high-
index dielectrics. (b) Results of the backscattering enhancement and image generated considering two Au spheres separated by 
a subwavelength distance. (c,d) Backscattering enhancement along the x axis extracted from the dashed lines shown in b. 
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As an example, the image generated by the dielectric structure considering two Au spheres separated by a 

distance of 0.06λ0 is shown in Fig. 2b (the performance for smaller distances between the spheres will be presented 

during the conference). A clear image is obtained with a clear gap between both Au spheres. For completeness, 

the backscattering enhancement along the x axis at the location shown in Fig. 2b as dashed lines are shown in Fig. 

2c,d where again the high spatial resolution achieved with the proposed PNJ is evident.  

 

 

VI. CONCLUSION 

 

In this work, a mechanism to generate PNJs with high spatial resolution has been proposed and demonstrated 

using high-index dielectric particles immersed in vacuum with size comparable to the incident wavelength. The 

focusing properties of the 2D and 3D dielectric particles have been evaluated demonstrating an extremely high 

resolution of the focus of ~0.14λ0 and ~0.06λ0, respectively. As an application of the proposed structure, the 

backscattering enhancement and imaging capabilities were evaluated by inserting Au spheres within the PNJ 

region. A clear image of two Au spheres was demonstrated with the proposed system even with subwavelength 

distances between the Au particles of ~0.06λ0. The proposed technique may be applied to sensors and imaging 

devices where high-spatial resolution and compact structures are needed 
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