
Superresolution microscopy

Resolution limit in XY ~ 200 nm



Superresolution microscopy – single molecule localization microcopy

Resolution XY ~ 25 nm

STORM and PALM



Superresolution microscopy – Structured illumination

Resolution XY ~ 120 nm

SIM



Superresolution microscopy – stimulated emission depletion

Resolution XY ~ 40 nm

STED



STED break through the resolution barrier

𝑑 =
𝜆

2𝑁𝐴 𝑑𝑆𝑇𝐸𝐷 =
𝜆

2𝑁𝐴 1 + ξ

Ivan Novotny, SLM 2017



Magnification
“How many times the apparent size 
of the object is increased”
TO SEE THINGS BIGGER

Resolution
“The smallest distance at which two 
points can be identify as two points”
TO SEE MORE DETAILS

60X/1.4



resolution



𝒅 =
𝝀

𝟐𝑵𝑨

Resolution barrier

𝑑 =
𝜆

2𝑁𝐴

Ernst Abbe



e.g., for l = 520 and NA = 1.4, the resolution is 226.6 nm:

1000 nm bead 500 nm bead 250 nm bead 125 nm bead 50 nm bead

1000 nm image 500 nm image 250 nm image 226 nm image 226 nm image



Wide Field Fluorescent microscope Confocal scanning microscope

Objective lens

Image plane

Focal plane

pinhole



Wide field microscope Confocal scanning microscope



Confocal scanning microscope



Confocal scanning microscope



Resolution barrier

𝑑 =
𝜆

2𝑁𝐴

Ernst Abbe

REALLY???



https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2014/hell-facts.html



Principle of the LASER – stimulated emission

https://www.britannica.com/technology/stimulated-emission

LASER = light amplification by stimulated emission of radiation.

https://web2.ph.utexas.edu/~coker2/index.files/xrayslasers.htm



λ

Ex. laser

Emission detection



λ

Ex. laser

Emission detection

Depletion. laser

Not detected



λ

Ex. laser

Emission detection

Depletion. laser



STED break through the resolution barrier

HOW?

𝑑 =
𝜆

2𝑁𝐴 𝑑𝑆𝑇𝐸𝐷 =
𝜆

2𝑁𝐴 1 + ξ



Excitation LASER spot Depletion laser donut Acquired emission





𝒅𝑺𝑻𝑬𝑫 =
𝝀

𝟐𝑵𝑨 𝟏 + ξ

𝝃 =
𝑰𝑺𝑻𝑬𝑫
𝑰𝑺



How the donut is created?



How the donut is created?
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How the donut is created?



How the donut is created?



How the donut is created?



How the donut is created?



How the donut is created?



How the donut is created?



The donut is created via optical vortex

Excitation beam Depletion beam Overlay 

80 nm gold beads, 550 nm excitation, 660 nm depletion



Beam expander Optical vortex Objective



AF488

AF555

AF594

Depletion laser 660 nm





Time Gating in continuous wave STED laser



Pulsed-STED and the time-gating in compare to CW-STED time-gating



48 nm beads; confocal



48 nm beads; non-gated cw-STED (660nm)



48 nm beads – anti-stokes signal, non-gated cw-STED (660nm)



48 nm beads – anti-stokes signal, partially gated cw-STED (660nm)



48 nm beads, partially gated cw-STED (660nm)



48 nm beads, gated cw-STED (660nm)



48 nm beads; confocal







3D STED
Beam expander Z-Phase Objective









Confocal Gated cw-STED
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