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            Abstract
The invention of phase contrast microscopy revolutionized optics, enabling the visualization of highly optically transparent samples without the need for staining. The technique utilizes phase shifts within the sample and is routinely employed in the characterization of biological material and other weakly interacting objects. However, the demand for increased contrast and quantification has continued to drive research into more advanced approaches to phase imaging. Here, we demonstrate that the combination of ptychographic coherent diffractive imaging with plasmonically active metamaterials yields a massive enhancement of both the reconstructed phase and amplitude by exploiting near-field interactions at the metamaterial surface. We present results from nanofabricated samples and tissue sections with thickness ranging from 4â€‰nm to 4â€‰Î¼m. In addition to enabling quantitative phase imaging of metamaterials, this approach opens the way to imaging a wide range of extremely thin or highly transparent objects previously inaccessible to optical microscopy.
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                    Fig. 1: Principles and experimental set-up for PE-ptychography.[image: ]


Fig. 2: Comparison of conventional ptychography and PE-ptychography reconstructions.[image: ]


Fig. 3: Simulated amplitude and phase contrast predicted for the nanofabricated chevrons.[image: ]


Fig. 4: Reconstructions of ocular nerve tissue.[image: ]


Fig. 5: Imaging of 4-Î¼m-thick sections of breast tissue, comparing four different techniques.[image: ]
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