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Focusing a light beam into an extremely small spot with a high energy density plays an essential role in a 

variety of key technologies for miniaturized structures including lithography, laser material nanoprocessing 

and nanophotonics, and superresolution imaging. Because of wave nature of light, however, Abbe discovered 

that diffraction prohibits the visualization of features smaller than half of the wavelength of light (also known 

as the Rayleigh diffraction limit) with optical instruments. Since then, research on overcoming the Abbe-

Rayleigh diffraction limit has become an energetic topic. Here, we report a simple, novel subwavelength 

focusing method, diffraction interference induced superfocusing, to achieve focused size down to        ⁄  

without involving evanescent waves or subwavelength structures [1], in light of Toraldo Di Francia’s seminal 

work in 1952 [2] that a pupil design provides an accurately tailored subdiffracted spot using a series of 

concentric apertures with different phases. We experimentally obtained optical subdiffraction by exploiting 

phases and amplitudes of second-harmonic (SH) fields generated from periodically poled LiTaO3 (PPLT) 

crystals (Figs. 1 and 2). The poling inversion (typically with µm periods) makes the SH waves generated in 

negative domains possess a -phase shift relative to those in positive domains. Destructive interference 

between these two waves in Fresnel near field region shrinks the point spread functions with subwavelength 

focused size, resembling a similar idea as pioneered in [2]. In our series of experiments, supersqueezed SH 

spots can be observed over 100µm distance. As shown in Fig. 1, typical subdiffracted focuses with a squarely 

poled PPLT crystal are recorded with FWHM of 106nm and 168nm for        nm at propagation 

distances of 27.5µm and 133.4µm, respectively. To remove the background noise, with use of a concentric 

ring design, we successfully observed superfocuses with sizes of 30nm and 90nm at free-space propagation 

distances of 17.8µm and 54.5µm (Fig. 2), respectively. The band-limited SH signals due to phase matching 

also allow an alternative interpretation of the experimental results in terms of superoscillations [3]. Our 

demonstrations show the superfocusing capability using periodically poled nonlinear crystals to beat the 

diffraction limit. Of importance, the scheme opens new avenues for single-molecule sensing, 

nanolithography, and nanoscale imaging. Therefore, our investigation can potentially have a wide range of 

applications including subwavelength non-invasive imaging and focus devices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figs. 1 (left) and 2 (right)   Diffraction interference induced superfocusing with PPLT crystals in the Fresnel near field. 
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