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Abstract: We discuss a technique enabling the recovery of refractive index and thickness
maps of cells using bright-field microscopy and a suitably designed ultra-dark membrane.
We show spatial resolutions as low as 50 nm, enabling organelle differentiation. © 2021
The Author(s)

Main Text

Due to their transparent nature, the lack of spectral signatures in the visible is a major challenge in the imaging
of sub-cellular elements in biological microscopy [1, 2]. Solving this problem has been the subject of consider-
able research effort for the past 70 years [3], with recent methods showing the possibility of extracting visible
range signals of cellular components [4–6]. A key biophysical property of a cell is its refractive index. It can be
correlated with the cell’s mass, protein concentration and metabolic processes [7,8]. Furthermore, high resolution
mapping of the refractive index enables the study of cell cycles, growing mechanisms and other processes with
applications in the diagnosis and prevention of disease [9, 10].
There currently exist several proposed methods to optically recover refractive index maps of biological cells. Phase
microscopy and digital holography enable refractive index measurements with sensitivities ranging from 10−2 to
10−4 RIU [11, 12]. These techniques rely on measuring the optical path length (OPL) of the cell. As the OPL
results from the product of the refractive index and thickness at each point, assumptions must be made on the
thickness map of the cell, multiple images at different angles are required or additional equipment must be used
to recover the thickness information [13].
In this work, we address these issues and present a technique capable of precisely recovering the thickness and
refractive index maps of a cell with a single measurement. Our method exploits the appearance of structural colors
emitted from sub-cellular features when the analyte is placed on top of a suitably engineered dark substrate, which
stretches the cell and mitigates reflections, thus increasing the signal to noise ratio. We then use a conventional
color camera to image the colors, with each camera pixel mapping the reflection spectra at a point of the cell to a
triplet of RGB values in the resulting image. Each of RGB triplets contains point-wise, vectorial information on
the thickness and refractive index of the cell, which is recovered using artificial intelligence techniques.
The substrate used for the proposed method is engineered by an industry-ready, scalable and low cost electroplat-
ing process, while any color (CMOS or CCD) camera can be used to characterize the samples. Experimentally,
we achieved 50 nm resolution on control samples, which is sufficient to differentiate between the organelles of a
cell in the refractive index maps.
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Fig. 1. (a) A cell placed on the dark substrate stretches and exhibits structural colors when illumi-
nated with broadband light. The reflection spectra at each point of the cell is captured by a camera
and reduced through the device’s color matching functions (CMFs) (b) to a triplet of RGB values
for producing a color image (c). The RGB values of each pixel in the image are mapped to the
cell’s local thickness and refractive index through an artificial intelligence algorithm, which allows
recovering 2D maps of these quantities (d).
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