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Outline

• Mesoscale photonics & microsphere nano-imaging

• TiO₂ metamaterial solid immersion lens (mSIL) 

• Shape effect & imaging mechanism 

• Digital twin of mSIL imaging 

• Conclusions



Mesoscale photonics

• Mesoscale: effective dimensions are comparable with the 
incident radiation wavelength.

• Typical: several to several tens wavelength, e.g. ~2 λ – 100 λ

Phys. Wave Phenom. , 
30, 217-241 (2022).
30, 293-297 (2022).
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Big particle: Ray tracing ( a >>λ)

Spot size (Caustic on sphere):
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Optical Enhancement:

B. S. Luk'yanchuk, N. Arnold, S. M. Huang, Z. B. Wang, and M. H. Hong, Appl. Phys. A 77, 209-215 (2003).



Small particle: Sub-diffraction focusing

~0.39λ

Photonic Nanojet 

(PNJ)

Nanoscience, 3, 193-210, 
DOI: 
10.1039/9781782623717-
00193 (2016).



Wide-field White Light Microsphere 
Nanoscope

BBC, New York Times, Laser Focus World….
           

Best Resolution: 50 nm, 
for plasmonic sample

Z.B. Wang et al.,  Nature Communications 2, Art. 
218, (2011)

Laser Photonics Rev. ,17, 2200029 (2023)

http://www.youtube.com/watch?v=nOtkMoPh4Yw

http://www.youtube.com/watch?v=nOtkMoPh4Yw


“Roadmap on Label-free Super-resolution Imaging“, Laser Photonics Rev. ,17, 2200029 (2023)

https://laserphotonics.uk/wp-content/uploads/2023/12/LPR_2023_roadmap_vol17.pdf
https://laserphotonics.uk/wp-content/uploads/2023/12/LPR_2023_roadmap_vol17.pdf
https://laserphotonics.uk/wp-content/uploads/2023/12/LPR_2023_roadmap_vol17.pdf
https://laserphotonics.uk/wp-content/uploads/2023/12/LPR_2023_roadmap_vol17.pdf
https://laserphotonics.uk/wp-content/uploads/2023/12/LPR_2023_roadmap_vol17.pdf


Sci. Adv. 2, e1600901 (2016) 

3D Metamaterial Solid Immersion Lens



Sci. Adv. 2, e1600901 (2016) 

No full spherical shape

Sub-spherical and Super-spherical

100 nm

60 nm



New protocol: 

• 2-step centrifuge to 3-step centrifuge, improving material purity
• Full-sphere shape by controlling organic mixture layer thickness
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Color-effect: R,G,B

Red channel:  best 



Shape-effect: sub, super, full

sub-

super-

Full-

super-shape: BEST



Theory by CST Modelling

+3.5%

+8.8%

+3.8%

BEST



Digital Twin by deep-learning





Domain A: SEM
Domain B: Optical (mSIL)

SEM Optical 





Results
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