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The flat-optics has demonstrated more unprecedented performance. The ultrathin thickness is captivated as 

one killer feature that empowers significant advantages over classic diffractive optics. However, one inconvenient 

truth is that such TiO2 or Si based meta-lens still needs the thickness of a few hundreds of nanometers in the visible 

regime, and more critically, the focusing resolution and total diffraction efficiency impose formidable barriers 

from further reducing the thickness. This is simply because the dielectric metasurface has to be literally that thick 

to allow phase or amplitude modulations. Moreover, fabricating such nanostructures relies heavily on the 

expensive and time consuming tools with complex multistep processes, i.e. electron beam lithography (EBL) and 

focused ion beam (FIB) milling. 

A series of simultaneous questions thus haunted us for a long time: 1. how extremely thin could a meta-lens 

be? 2. How to achieve sub-wavelength resolution in the far field? 3. How to ensure it has a high total diffraction 

efficiency (focusing power v.s. input power)? 

Very recently, we found an elegant answer to solve 

those long-held questions at one go: a transition metal 

dichalcogenide (TMDC) lens will do. We 

experimentally demonstrate a monolayer single crystal 

WSe2 lens with a thickness of 7 Å, approaching 

fundamental physical limit of a material thickness. The 

lens is fabricated by low-cost femtosecond laser direct 

writing technique, in which the local scattering media 

created by the femtosecond laser pulses provide strong 

amplitude and phase modulations illustrated in Fig.1. 

Remarkably, high efficiency (31%) 3D focusing with 

sub-wavelength resolution (λ/2) is achieved, the 

experimental data of which will be presented in the 

conference. Our monolayer lens opens up new revenue 

for easily accessible, high precision and highly efficient 

optical beam manipulations with an ultrathin 2D 

material.  

 

 

 

 

 

 Fig. 1(A) Schematic of femtosecond laser fabrication of 

monolayer WSe2 lens. Inset: AFM image of monolayer 

WSe2 single crystal. (B) Femtosecond laser generation of 

WOx nanoparticles. (C), (D) Optical and Raman microscopic 

image of the monolayer WSe2 lens. (E) AFM image of the 

monolayer WSe2 lens and the cross-sectional plot. 

 

Fig. 2(A) Image of foci from lenses with different number of 

rings (N=3~8). (B) FWHM versus the radius of the first ring a1. 

 


