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“… the resolution limiting effect of diffraction can be significantly overcome (…) by
fully exploiting the properties of the fluorophores. Combined with modern quantum 
optical techniques the scanning (confocal) microscope has the potential of 
dramatically improving the resolution in far-field light microscopy.”

The Philosophy:

Synge, 1928 
Pohl, Denk, Lewis 1984
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"Breaking the diffraction resolution limit by stimulated emission"

Hell & Wichmann, Opt. Lett., 19, 11 (1994) 

Solution: transiently switch off the fluorophores! 
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measured with 1 molecule

Dye: Atto647N 

Confocal

200 nm 
fluorescent beads

STED

λSTED= 750 nm
Harke et al Opt Expr (2008) 
Klar et al  Phys Rev E (2001)
Klar & Hell  Opt. Lett. (1999)

... just physics !
(raw data)

1µm

Protein SNAP25 on cell membrane

Willig et al (2005), Handbook of Biological Confocal Microscopy 

1µm

... just physics !
(raw data)
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New biology:

Synaptic vesicle protein synaptotagmin I is clustered after exocytosis

Neuronal communication

Willig, Rizzoli, Jahn, Hell, Nature (2006)

Confocal STED

Synaptotagmin I 
antibody labeled

Commercial STED microscope: Heavy subunit of neurofilaments in neuroblastoma

Donnert et al, PNAS (2006)

0.2 MHz

T-Rex STED

Ti:Sa, OPO, OPA

Pulse synchronization, stretching etc.

~ 1 ns

τ~1µs

10 ns

STED 

Supercontinuum source ( ~35 k€ )

90 ps @ 1-5 MHz

T-Rex STED

630-800 nm

visible

STED

for students lab course, Göttingen University

Vimentin

10 x 4 µm

Atto590; STED@700 nm

Confocal

... just physics !
(raw data)

Confocal

Clathrin / β-tubulin
immunolabeled

Human glioblastoma

Exc1/STED1 @ 570nm/700nm
Exc2/STED2 @ 650nm/750nm

STED

Even simpler:  CW STED

CW STEDConfocal

~ 50 nm resolution

Willig et al Nature Methods (2007) 

CW fiber lasers ( < 20k€ ): 560, 580, 592, 628, 642 nm

+ with fast scanning 

STED with CW lasers
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... just physics !
Dyes used for STED:

Dye name Exc. 
Wavelength

Exc. Pulse 
Length

STED 
Wavelength

STED Pulse 
Length

Repetition 
Rate

Avg. STED 
Power

Peak 
Irradiance

Pulse 
Energy

Reported Spatial
Resolution (Direction)

ATTO 532
(ATTO-TEC GmbH)

470 nm 100 ps 615 nm 200 ps 80 MHz 14 – 18 mW 66 – 72 nm (xy )

ATTO 532
(ATTO-TEC GmbH)

470 nm 80 ps 603 nm 280 ps 250 kHz 0.5 mW 2 nJ ~ 20 nm (xy )

ATTO 532
(ATTO-TEC GmbH)

488 nm 100 ps 615 nm 200 ps 80 MHz 16 mW 60 – 70 nm (xy )

Chromeo 488 (Actif Motif) 488 nm 140 ps 602 nm ~ 160 ps 250 kHz 0.6 mW < 30 nm (xy )
Chromeo 488 (Actif Motif) 488 nm < 100 ps 590 nm 200 – 300 ps 80 MHz 40 mW 60 – 70 nm (xy )
DY-485XL (Dyomics GmbH) 488 nm < 100 ps 647 nm ~ 200 ps 72 MHz (20 + 3) mW 40 – 45 nm (xyz )
DY-485XL (Dyomics GmbH) 488 nm < 100 ps 590 nm 200 – 300 ps 80 MHz 40 mW 70 nm (xy )
GFP 490 nm 100 ps 575 nm 200 ps 80 MHz 7.2 mW ~ 70 nm (xy )
Citrine 490 nm < 100ps 595 nm 300 ps 80 MHz 40 mW 50 nm (xy )
EYFP 490 nm < 100ps 595 nm 300 ps 80 MHz ~40 mW ~ 50 nm (xy )
ATTO 565
(ATTO-TEC GmbH)

532 nm ~ 90 ps 640 – 660 nm ~ 90 ps 1 – 2 MHz 30 – 40 nm (xy )

ATTO 565
(ATTO-TEC GmbH)

532 nm cw 647 nm cw cw 114 mW ~ 60 nm (xy )

MR 121 SE
(Roche Diagnostics)

532 nm 10 ps 793 nm 107 ps 76 MHz 10.4 mW ~ 50 nm (z )

NK51
(ATTO-TEC GmbH)

532 nm < 100 ps 647 nm ~ 200 ps 72 MHz (20 + 3) mW 40 – 45 nm (xyz )

Sulfonated & rigidized rhodamine 
derivatives (V. Boyarskiy, 
NanoBiophotonics, MPI, Göttingen)

532 nm 100 ps 640 nm ~ 300 ps 80 MHz 40 MW/cm2 < 90 nm (xy )

Pyridine 2 (LDS 722)
(Exciton, Radiant Dyes GmbH)

554 nm 250 fs 760 nm 13 ps 76 MHz 33 nm (z )

Pyridine 2 (LDS 722)
(Exciton, Radiant Dyes GmbH)

554 nm 250 fs 745 nm 50 – 200 ps 76 MHz 12.2 mW 44 nm (z )

RH 414 (Invitrogen) 554 nm 250 fs 745 nm 13 ps 76 MHz 8.78 mW 30 nm (z )
ATTO 590
(ATTO-TEC GmbH)

570 nm ~ 90 ps 690 – 710 nm ~ 90 ps 1 – 2 MHz 30 – 40 nm (xy )

ATTO 633
(ATTO-TEC GmbH)

630 nm ~ 90 ps 735 – 755 nm ~ 90 ps 1 – 2 MHz 30 – 40 nm (xy )

ATTO 633
(ATTO-TEC GmbH)

635 nm 100 ps 750 nm ~ 200 ps 76 MHz ~ 1.5 nJ 40 nm (xy )

ATTO 647N
(ATTO-TEC GmbH)

635 nm cw 750 nm cw cw 423 mW ~ 50 nm (xy )

ATTO 647N
(ATTO-TEC GmbH)

635 nm 100 ps 780 nm 300 ps 250 kHz 700 MW/cm2 ~ 65 nm (xy )

JA 26
(K.H. Drexhage, Siegen University)

635 nm 68 ps 781 nm 303 ps 40 MHz 10.1 mW 40 nm (x )

JA 26
(K.H. Drexhage, Siegen University)

635 nm 68 ps 775 nm 300 ps 76 MHz 800 MW/cm2 16 nm (x )

JA 26
(K.H. Drexhage, Siegen University)

635 nm 68 ps 780 nm 300 ps 80 MHz 90 – 100 mW 47 nm (xy )

JA 26
(K.H. Drexhage, Siegen University)

637 nm 54 ps 778 – 785 nm 303 ps 40 MHz 120 – 140 nm (xy )

www.nanoscopy.de
Confocal + Lin. Deconv.

Field: (6x6) µm;  Pitch 120 nm; Line width: 60 nm

... + maths !

STED + Lin. Deconv.

Westphal et al, J Phys B  (2005)
E-beam lithography on dyed PMMA
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STED - 4Pi microscopy

S.W. Hell, in Topics Fluoresc Spectr V, Plenum Press (1997)
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Z

- 4Pi microscopy STED Dyba, Hell PRL 88 (2002)

Dyba et al Nat Biotech (2003)
- 4Pi microscopy

Confocal STED - 4Pi 

53 nm

X, Y, X, Y, and Zand Z

Schmidt et al. Nature Methods (2008)

… allows isotropic compression,
in principle, to a point. 

isoSTED microscopy

< 50 nm diameter

z

X

YZ

< 300 nm

z = +130 nmz = +65 nmz = 0 nmz = -65 nmz = -130 nm

Tom20 (outer membrane)

z = -65 nmz = 0 nm

α-subunit / F1F0ATPase (inner membrane)

Conf

isoSTED microscopy

< 50 nm diameter

z

cristae

isoSTED

… of mitochondrial proteins

Schmidt et al. Nature Methods (2008)

Schmidt et al, Nanolett (2009) 
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Recording dynamics

Dendritic Spines
of

Living Neuron

in hippocampal organotypical slices

(CA1 pyramidal neurons)

STED

YFP

Nägerl, Willig, Hell, Bonhoeffer, PNAS (2008)

Time lapse recording with 5 minutes break
40s / image

1µm

2µm

STED

Nägerl, Willig, et al, unpublished

Dendritic Spines
of

Living Neuron

in hippocampal organotypical slices

(CA1 pyramidal neurons)

YFP

Time lapse recording with 20 s break

10 s /image

Faster dynamics …

35 nm beads in glycerol

Nanoparticle Brownian motion

Display is 3 times slower than actual movement ! 

80 frames/s

28 frames / second
linearly deconvolved

Video rate 
STED nanoscopy

Westphal, Rizzoli, Lauterbach, Jahn, SWH, Science (2008)

Synaptic vesicles in axon of living hippocampal neurons 

Synaptotagmin
immunostained

Scale: 300 nm

Scale: 300 nm

28 frames / second
linearly deconvolved

Video rate 
STED nanoscopy

Synaptic vesicles in axon of living hippocampal neurons 

Synaptotagmin
immunostained

Westphal, Rizzoli, Lauterbach, Jahn, SWH, Science (2008)

Even faster (molecular) dynamics …

STED STED ApplicationApplication

in in plasmaplasma membranemembrane of of 

livingliving cellcell

C. Eggeling, C. Ringemann, et al Nature (2009)

Dynamics of Dynamics of 

lipidlipid moleculesmolecules
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Keystone meeting (2006): Rafts are dynamic, sterol- and sphingolipid enriched nanodomains of  5 - 200 nm.

Sphingolipids vs phosphoglycerolipids

Living cell membrane

C. Eggeling, C. Ringemann et al, Nature (2009)

Single Single lipidlipid dynamicsdynamics in in livingliving cellcell membranemembrane
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C. Eggeling, C. Ringemann et al, Nature (2009)
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Single Single lipidlipid dynamicsdynamics in in livingliving cellcell membranemembrane

C. Eggeling, C. Ringemann et al, Nature (2009)

(D = 5 x 10-9 cm2/s)

Diffusion ~Focal area ; Wawreciniek, Rigneault et al. Biophys. J. 2005

STED Confocal

STED

Single Single lipidlipid dynamicsdynamics in in livingliving cellcell membranemembrane

C. Eggeling, C. Ringemann et al, Nature (2009)
(D = 5 x 10-9 cm2/s)

Diffusion ~Focal area ; Wawreciniek, Rigneault et al. Biophys. J. 2005

STED: probes fast (0.1-10 ms) local molecular interactions

on nanoscale

STED Confocal

STED

STED microscopy: Rafts (nanodomains)  <  20 nm

C. Eggeling, C. Ringemann et al, Nature (2009)
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In In lenslens--basedbased fluorescencefluorescence microscopymicroscopy

DiffractionDiffraction resolutionresolution barrierbarrier doesdoes no no longerlonger existexist !!

“With a rectangular depletion curve, the resolution could be increased to infinity.”
Hell & Wichmann, Opt. Lett. 19 (1994)

MolecularMolecular scalescale resolutionresolution isis possiblepossible withwith
visiblevisible light and light and regularregular lenseslenses..
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Wrachtrup et al, Science, 1997
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... just physics !
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Basic Basic ideaidea behindbehind

STED etc. STED etc. ........
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( )rI

σ
kI BA

s =

r / λ

NB/ (NA+NB)

A

B

on off
kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

... physics + chemistry

0
0.0

0.5

1.0

0.0 0.5 1.0
0.0

0.5

1.0

BAτσ
1

σ
k

I BA
s ==

sII1nπ
λxΔ
+

≈

( )rI
r / λ

NB/ (NA+NB)

A

B

on off
kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

... physics + chemistry

0
0.0

0.5

1.0

0.0 0.5 1.0
0.0

0.5

1.0

BAτσ
1

σ
k

I BA
s ==

BAIστ+
≈

1nπ
λxΔ

( )rI
r / λ

NB/ (NA+NB)

A

B

on off
kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

... physics + chemistry

S
0

S
1

Absorption

Fluorescence

A

B

( )rIσkAB =
τ ~ 1 ns

STED microscopy

≈≈= −− scm 9216
s 1010

σ
1I
τ

30 MW/cm2≈sI

on off
kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

... physics + chemistry

… other

distinguishable states
&

transitions

for

breaking the diffraction barrier

on off
kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

... physics + chemistry

on off

Ground State Depletion (GSD) Microscopy

Triplet

BA
Singlet 

t ~ 1 ns

τ >1µs

SWH & M Kroug, Appl. Phys. B  60 (1995)

10 ns

Confocal Ground State Depletion Micr.

Microtubules

500nm

S. Bretschneider, C. Eggeling, SWH  PRL (2007) 

kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

... physics + chemistry
Optical Meta/Bistability

~ kW/cm2
sI

Switching by Spin Flip
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on off

Photoisomerisation

N
+N

O

O
O

O

O3S SO3

N
N

O

O O

O

- -

N

SO3

O

O

N

O

O

N

O

O

O3S

N

O

O

-

-

+

trans cis

darkfluorescent

Dyba, Hell PRL 88 (2002)
Hell et al Appl. Phys. B 77 (2003)

A B BAInπ
λxΔ
στ

≈

kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

... physics + chemistry

Optical Meta/Bistability

~ W/cm2
sI

on off

fluor dark

Hell et al Appl. Phys. B 77 (2003)

Hofmann et al PNAS (2005)

Photoswitchable fluorescent proteins

A B

kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

Optical Meta/Bistability

BAInπ
λxΔ
στ

≈

~ W/cm2
sI

fluor dark

Photoswitchable fluorescent proteins

A B

kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

Optical Meta/Bistability

Rev. Photoactivatable:  asFP595 (by Lukyanov)

Confocal Switching Photoactiv. 
Protein 

Hell et al Appl. Phys. B 77 (2003)

~ W/cm2
sI

Hofmann et al PNAS (2005)

+ lin deconv.

CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥

Fluor. On
Fluor. Off

∑
CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥

Camera detection possible.

Fluor. On
Fluor. Off

Zeros & scanning are required ! CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥

Camera detection possible.

Fluor. On
Fluor. Off

Zeros & scanning are required !

CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥

Camera detection possible.

Fluor. On
Fluor. Off

R Heinzmann, JOSA A (2002)
MGL Gustafsson, PNAS (2005)

Zeros & scanning are required !

Absorption

S0

S1

Fluorescence

A

B

Sequential readSequential read--out with at least oneout with at least one……

IIntensity ntensity ‘‘ZZeroero’’

+ + 

ReReversible versible SSaturable/Switchableaturable/Switchable OOpticalptical LLinear inear ((FFluorescenceluorescence) ) TTransitionransition

==

IZ  RESOLFT IZ  RESOLFT 
CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥
A B

RESOLFT 

Switching molecule ensembles (confinement by zeros)

SWH Nature Biotech
(2003)
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CCD-camera

Read

Out

∑

STORM / PALM

Switching molecules individually!

Center Gravity

α
λ

sin
6.0

n
Fl

≥

CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥

RESOLFT 

Switching molecule ensembles (confinement by zeros)

A B

Betzig, Hess et al Science
Rust, Zhuang, et al  Nature Meth

Hess et al Biophys J 
(2006)

mn α
λ

sin
Computational 

localization

SWH Nature Biotech
(2003)

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥
A B

STORM / PALM

Switching molecules individually!

RESOLFT 

Switching molecule ensembles (confinement by zeros)

Betzig, Hess et al Science
Rust, Zhuang, et al  Nature Meth

Hess et al Biophys J 
(2006)

mn α
λ

sin
Computational 

localization

SWH Nature Biotech
(2003)

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥
A B

STORM / PALM

Switching molecules individually!

RESOLFT 

Switching molecule ensembles (confinement by zeros)

Betzig, Hess et al Science
Rust, Zhuang, et al  Nature Meth

Hess et al Biophys J 
(2006)

mn α
λ

sin
Computational 

localization

SWH Nature Biotech
(2003)

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

CCD-camera

Object

Image

Read

Out

α
λ

sin
6.0

n
Fl

≥
A B

STORM / PALM

Switching molecules individually!

RESOLFT 

Switching molecule ensembles (confinement by zeros)

Betzig, Hess et al Science
Rust, Zhuang, et al  Nature Meth

Hess et al Biophys J 
(2006)

mn α
λ

sin
Computational 

localization

SWH Nature Biotech
(2003)

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

STORM / PALM

Switching molecules individually!

Geisler et al Appl Phys A (June, 2007)
Egner et al Biophys J (July, 2007) 

Conventional image

α-tubulin inside a PtK2 cell 

fluor protein FastLime

A B

- Single λ for switch-on/off/read-out.
- Freely running CCD (no synchronisation)
- 10-100 seconds recording time
- no TIRF !

PALMIRA

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

2 color STORM / PALM

Switching molecules individually!

Bock et al Appl Phys B (2007)

fluor protein

m
in

m
ax

Conventional image

FastLime

A B
Cy5 

A B
488 nm

633 nm

Bates, Zhuang et al Science (2007)

2 Color 
PALMIRA

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

3D STORM / PALM

Switching molecules individually!

Fölling, et al, Angew. Chem. Int. Ed. (July, 2007)
CLOSED ISOMER

Colorless
OPEN ISOMER

Fluorescent

Rhodamine chromophore

ON N
Et

Et

Et

Et

N

O

ON N
Et

Et

Et

Et

N

O

hν

Δ

N
O

O

COOR
N

O

O

COOR

λ=750 nm
2hν

2

A B Rhodamine amide

3D- PALMIRA

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

Switching molecules individually!

Fölling, et al, Angew. Chem. Int. Ed. (July, 2007)

λ=750 nm
(2 photon)

A B Rhodamine amide

3D- PALMIRA

Switchable Rhodamine Amides
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IsIs photoactivationphotoactivation ( = ( = activeactive switchingswitching on)on) reallyreally requiredrequired

as as thethe namename PALM PALM suggestssuggests ??

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

Requirement:

A emits m photons in a bunch

T1

S0,1  

+
Single molecule return

0

1

I(r)

B = T1

A = S0,1

Ground State Depletion

A

t ~ 1 ns

t~100ms
S0

S1 T1, Dark 

B

mn α
λ

sin
Computational 

localization

m

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

S0,1  

T1

Rhodamin 6G

Fölling et al, Nature Methods, (2008) 

1 μm

61,000 frames; 5 ms frame time; 5 min meas. time;
no UV activation necessary!

0

110

Ground State Depletion

A

t ~ 1 ns

t>100ms
S0

S1 T1, Dark 

B

+
Single molecule return

(aequeous buffer
glucose-oxidase)

110 kW/cm2 @ 532nm

mn α
λ

sin
Computational 

localization

m

Requirement:

A emits m photons in a bunch

Hell, Kroug, Appl. Phys. B  60 (1995)

CCD-camera

Read

Out

α
λ

sin
6.0

n
Fl

≥

S0,1  

T1

Atto 532

Atto 565

in PVA

Ground State Depletion

t ~ 1 ns
t>100ms

10 ns

S0

S1

+
single molecule return

71,500 frames; 10 ms frame time;
12 min meas. time;
20 kW/cm2 excitation @ 532nm; 
UV activation 400 W/cm2 in 
pulses up to 300µs length

82,000 frames; 10 ms 
frame time; 13.5 min 
meas. time;
10 kW/cm2 excitation @ 
532nm; UV activation 400 
W/cm2 in pulses up to 
100µs length

mn α
λ

sin
Computational 

localization

1 μm

Requirement:

A emits m photons in a bunch

Hell, Kroug, Appl. Phys. B  60 (1995)

Fölling et al, Nature Methods, (2008) 

A B
WhatWhat‘‘ss THE THE enablingenabling elementelement

inin

currentcurrent nanoscopynanoscopy schemesschemes??

Switching ON-OFF dark / bright state

+ Time-sequential read-out 

S0, S1, T1, ..:  STED, GSD, SSIM, GSDIM

cis, trans, binding:  RESOLFT, PALM/STORM 

S0

S1
T1A

B

B

State need not be fluorescent !

kBA = optical, thermal...

A B
( )rIσkAB =‘BRIGHT‘

fluorescent
absorbing

trans

‘DARK‘

Non-fluorescent
Non-absorbing

cis

Longer lifetime > lower intensity

ExamplesExamples of of statestate AA and B and B forfor switchingswitching

A(bright) B (dark)

Ph
ot

op
hy

sic
s

Ph
o t

oc
he

m
is

try

E n
se

m
bl

e
1

M
ol

ec
ul

e

Acronyms
proposed/verified

STED

GSD

SPEM/
SSIM

RESOLFT

PALM
STORM

1994/1999

1995/2007

2002/2005

2003/2005

2006

1S

1S

1S

S0

1S

S0

S0

S0

γIe-=

1T

Ap

Ap

γI+
=

1
1

Ap

Ap

time

A

B

ON

S0

1S

1S

S0

S0

S N

N O

O

RO

HOO

S N
N

O

O

RO

1S

1S

S0

S0

S0

1T

I

-

ON

OFF

1S
1

1

1

stochastic single cycle

1 γI+
1

I

I

I

γI+
= 1

1

1

-=1

1 2 3 4ONON

ON

1S1S

1S1S

OFF

OFF

cis trans

S N
N O

O

RO

HOO

S N

N O

O

RO

-

cis trans

SW Hell, Science, May 25, 2007

Switching + sequential read-out

m Molecules / time

1 Photon / m Molecules

SWH, Science (2007), Nature Method (2009)

sII+
≈

12
λΔ

α sin n
r

on
off Betzig, Science (2006)

Zhuang, Nat Meth (2006)

mn α
λ

sin2

Computational 
localization

PALM/STORMRESOLFT

1 Molecules / time

m>>1 Photon / molecule

Vesicles in living neuron
STED @ video rate (linearly deconvolved)

Scale: 300 nm

Far-field fluorescence nanoscopy
…has become a fact 

and is being applied.

Living Neurons

Single molecules (live cell)

Protein distribution /dynamics in cell 

STED

0 1 2
0

100

Material Sciences

Block copolymers

Diamond color centers

Confocal

50 nm

STED

50 nm

STED

50 nm
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... Abbe’s equation ?

100 nm

8 nm 

x [nm]

F

lu o

r

es

c

e n

c

e [

c

o u

n

ts/ms]

5.8±0.8nm

35

5.8 nm 

dΔ

STED 

‘Saturated structured Illumination’
Volker Westphal

Alexander Egner

Katrin Willig

Benjamin Harke

Christian Eggeling

The team:

Andreas Schönle

Marcel Lauterbach

Eva Rittweger

Rebecca Medda

Lars Kastrup
Dominik Wildanger

Claudia Geisler

Roman Schmidt


