
Nanolenses beat the barrier
The performance of a light microscope is intrinsically constrained by the Abbe diffraction 

limit. – 중 략 - Lee et al. are working on a new way of beating the limit, using nanoscale

spherical lenses that self-assemble by bottom-up integration of cup-shaped organic 

molecules called calixarenes. Lenses produced in this way have very short focal lengths 

that can generate near-field magnification beyond the diffraction limit, enabling the 

resolution of features of the order of 200 nm. The lenses can be placed at will on a surface 

and, among other things, can be used to reduce the size of deep-ultraviolet lithography 

features.
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d = Rayleigh Criterion length

λ = wavelength
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Nanolens from the CHQ(calix-4-hydroquinone) molecules

Thickness & Diameter can be controlled by Time and Temperature

Thickness H < 300 nm Diameter D = 0.05-3 μm 

D = 970nm

H = 220nm

Halogen Lamp 

excitation

1 2( 1)(1/ 1/F n R R   ) ~1.3 m

/( 1) ~ 590F HM M nm 
M : Magnification Factor

Measured Focal Length

Focal Length by 

Geometrical Optics



Beyond the diffraction limit
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For point object

R = 0.61 λ/NA = 320nm

For line object

R = 0.5 λ/NA = 250nm
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Pin-cushion distortion
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Magnification Effect
D = 1700nm

H = 480nm

Focal 
Length 
<270nm

Fob ~ 200nm

Fgeo ~ 2000nm
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Focusing Behavior



Applications

UV-lithography


