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Two-dimensional atomic crystals (TDACs), such as graphene [1-2] and hBN [3], support highly confined 
plasmon- or phonon-polaritons for concentrating electromagnetic energies into manometer scale, which opens 
up the possibility for many different subdiffractional nanophotonic applications. Here, we present the 
experimental studies that use these TDACs to overcome the diffraction limit for achieving high-resolution 
infrared near-field imaging.  

First, we introduce the concept that layered graphene enables the enhancement of evanescent waves for near-
field subdiffractive imaging [4]. Compared to other resonant imaging devices like superlenses, the non-resonant 
operation of graphene-enhanced imaging provides the advantages of a broad intrinsic bandwidth and a low 
sensitivity to losses, while still maintaining a good subwavelength resolution of better than λ/10. Finally, in 
order to demonstrate this proposal, we show experimental results that monolayer graphene offers a 7-fold 
plasmonic enhancement of evanescent information, improving conventional infrared near-field microscopy to 
resolve buried structures at a 500-nm depth with λ/11-resolution [5].  

Another demonstration of subdiffractional imaging is shown using hexagonal boron nitride (hBN). We reveal 
that a thin natural hBN hyperlens offers both imaging of single objects with down to λ/32 resolution (0.4-µm at 
λ=12.8 µm), as well as up to 4.2x magnification. This novel functionality can be explained based on the 
volume-confined, wavelength dependent propagation angle of Type I hyperbolic polaritons [6]. 
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Fig. 1: A) Sketch of the experiments. A 1.5-µm-diameter hole covered by monolayer graphene and a 500-
nm-thick PMMA layer is imaged by the s-SNOM. B), Infrared near-field images for the cases with a bare 
PMMA layer (left panel), graphene-PMMA (right panel). In the case with graphene, the subwavelength hole 
can be resolved due to the graphene enhancement. C) Sketch of the experiments. 0.3-µm-diameter disks 
covered by a hBN layer are imaged by the s-SNOM. D) Topographic AFM image. E) Broadband infrared s-
SNOM image reveals the buried disks. The scale bars indicate 500 nm. 
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