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Abstract: We present a bio-imaging technique that exploits thin film interference on cells
placed on top of a nanostructured broadband light coupling metasurface. Initial results show
a 10−2 refractive index sensitivity and 50 nm spatial resolution. © 2021 The Author(s)

Main Text

Controlling the flow of broadband electromagnetic energy in small volumes is a key challange in optoelectron-
ics. Strongly localized fields boost the efficiency of solar harvesting, computing devices, chemical reactions and
sensors [1–3]. In previous works we have shown how curvature effects at the nanoscale can produce complex re-
fractive index distributions, enabling light interactions outside the physical limits of conventional structures [4,5].
Here, we build on these results for the engineering of a broadband light trapping metasurface that allows control-
ling photons with wavelengths from 350 nm to 950 nm, enabling a novel bioimaging technique based on color
photographs.

It is known that broadband light trapping can be achieved through the fabrication of a surface with a large
number of nanoscale convex modulations at the interface between dielectric and metallic surfaces [6]. These
modulations act as regions with equivalent refractive index approaching zero, causing any impinging light to
resonate with the scale of the modulations and become channeled in the dielectric layer. We present a realization
of this using electroplating: a low cost, scalable and industry ready deposition technique. Figure 1b shows an
SEM image of the optimized device, highlighting a series of micro-scale coral reef-like Pd structures with a high
number of nano-scale modulations. After the deposition of 20 nm of Al2O3, over 90% coupling efficiency of light
with wavelengths from 350 nm to 950 nm is achieved with this surface.

In biophysics, the refractive index distribution of a cell is a key property. It can be correlated with the cell’s
mass, protein concentration, growth cycle and response to disease processes [7–10]. Current optical refractive
index measuring techniques, such as quantitavive phase microscopy and digital holography, enable measurements
with sensitivities ranging from 10−2 to 10−4 RIU [11, 12]. These techniques measure the optical path length
(OPL) of the cell, reconstructing the refractive index map by decoupling it from the thickness information through
additional measurements of the specimen. This necessitates the use of auxiliary equipment, such as atomic force
microscopes or multiple angle interferometric setups, to infer the cell’s thickness [13].

In this work we use introduce a technique capable of recovering the thickness and refractive index maps of
a cell with a single measurement. Figure 1a illustrates the method. If a microorganism is placed on top of our
nanostructured surface it will become partly anchored to the Pd corals, when allowed to dehydrate this anchoring
causes the cell to stretch, eventually reaching a sub-micron thicknesses. The combination of the cell with the
Al2O3 layer realizes a system in which light illuminating the sample can be coupled out of the metasurface only
in the region occupied by the cell. This not only generates contrast, but also results in the appearance of thin
film interference colors as light travels through the cellular structure (Fig. 1d). The spectra at each point of the
analyte can be converted to a triplet of RGB values using a digital color camera, after which an inverse search
algorithm can be used pixel-wise on the image to recover the cell’s thickness and refractive index from the colors.
Experimentally, we have achieved a 50 nm thickness resolution and 10−2 RIU sensitivity on control samples,
which is sufficient to differentiate between the organelles of a cell, enabling sub-cellular imaging.
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