Super-resolution imaging through microspheres
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Performance in optical imaging

Diffraction of light - Resolution limit in optical microscopy
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Aberration-free imaging system - 6 > 200 nm in air (theory)

Real imaging system = 6>500 nm
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Overcome the diffraction li
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Confocal and Widefield Fluorescence Microscopy
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Microsphere-assisted microscopy
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Principle of microsphere-assisted microscopy

(- White-light illumination
= Glass microsphere
= 2 um < diameter < 50 um

= Easy-to-implement
\_" Full-field acquisition

~

= Far-field acquisition

* Near-field coIIection/

Microsphere

Resolution limit = 100 nm (A / 7) in air

Z. Wang et al., Nature Communication 2, 218 (2011)
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Performance in microsphere

*‘ié'iii sted microscopy
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S. Perrin et al., in Label Free Super Resolution Microscopy, Springer (2018)
S. Perrin et al., Optics and Laser Technology 114, 40 (2019)




Performance in microsphere-assisted microscopy

Refractive index ratio - imaging contrast, magnification, FOV and resolution

flmaging through a barium-titanate-glass microsphere \ flmaging through a barium-titanate-glass microsphere \
immerged in water (Formation of a virtual image) immerged in air (Formation of a real image)
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HSS Lai et al., PLoS ONE 11, e0165194 (2016) A
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Image formation through microspheres

Refractive index and axial image position = nature of image
Photonic jet - focal point of the microsphere

[Image formation through microspheres with\
different refractive index ratio

all  Virtualy A \uulm!u

[Image formation through microspheres at different axial
position of the object

a Propagation

0.5

S. Lecler et al., Scientific Reports 9, 4725 (2019)

A.V. Maslov and V.N. Astratov, Physical Review Applied 11, 064004 (2019)



Towards an explanation of the super-resolution phenomenon

(Collection of evanescent waves\ /Generation of whispering gallery modes
by microsphere - Resonant phenomenon

- Complex Snell-Descartes law A=401,64 nm
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Y. Ben-Aryeh, Journal of the Optical Society of America A 33, 2284 (2016) B C 3E
Duan et al., Optics Letters 38, 2988 (2013) l' U
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Dark-field microsphere-assiﬁéd'“microscopy
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- Optical microscopy (theo.)
- Optical microscopy (meas.)

i—._ Microsphere-aided microscopy
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/ Direct imaging of glass sdﬁarés (250 nm of side)A \

SEM: Scanning electron microscopy
DF + MS: Dark-field + Microsphere /

S. Perrin et al., Physica Status Solidi RRL 13, 1800445 (2019)
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Dark-field microsphere-assi:s;i‘é'iil'"microscopy

/Diréct irhaging of nﬁyelinated nerve fibres
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= Full-field
= Label-free imaging of translucid object

S. Perrin et al., Physica Status Solidi RRL 13, 1800445 (2019)
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Microsphere-assisted interference microscopy
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Microsphere-assisted interference microscopy (MAIM)
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Linnik interferometer
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S. Perrin et al., Applied Optics 56, 7249 (2017)

C. Giusca and R. Leach, Measurement Sciences Technology 24, 105010 (2013)
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Compensated microsphere-assisted interference microscopy (cMAIM)
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LED light @ 530 nm, D =30 um, n = 1.52, x50 / 0.55
Phase shifting interferometry (four-steps algorithm)

S. Perrin et al., Physical Review Applied 13, 014068 (2020)
S. Perrin et al., Patent W02018189250A1 (2018)
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Compensated microsphere-assisted interference microscopy (cMAIM)
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No data processing

-> Fringe contrast = 60%
- Axial sensitivity 0 = 5.6 nm

S. Perrin et al., Physical Review Applied 13, 014068 (2020)
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Measurement errors in cMAIM
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h =170 nm (AFM - V-like shape of profile)

p
- Diameter (AD = 2 um)
-> Sphericity
- Surface chips

\

h =120 nm (cMAIM - microsphere quality)
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Compensated microsphere*—é'séisted interference microscopy (cMAIM)
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-> Fringe contrast = 65%
-> Axial sensitivity 0 = 3.6 nm

S. Perrin et al., Physical Review Applied 13, 014068 (2020)
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Compensated microsphere“-é“"s=§'isted interference microscopy (cMAIM)

Disordered array of poly(methyl methacrylate)-based nanopillars (D= 20 pum)
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Discussion
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Chateau de Chambord (France) through a ball lens, Photography @monvoisinsappellemickjagger
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