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Near-field optics

3. Near-field optics 

3.1 Theoretical and experimental basis
3.1.1 Local detection of optical near-fields
3.1.2 Required experimental conditions
3.1.3 Optical near-fields at nano-apertures

3.2 Photon scanning tunneling microscopy

3.3 Scanning near-field optical microscopy 
3.3.1 Probe fabrication and optical set-up
3.3.2 Surface distance control
3.3.3 Single molecule microscopy
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Detection of Evanescent Fields
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E. Synge: Microscopy with holes
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Metal film
Sample

E. Synge (1928)
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E. H. Synge (1928)

1890 - 1957

…
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Scanning Near-Field Optical Microscopy 
(SNOM): A Brief Historical Overview

1928 E. H. Synge: Microscopic Imaging by scanning a 
submicroscopic light source across a sample

1956 J. A. O‘Keefe: „Resolving Power of Visible Light“

1956 A. V. Baez: Experiments with sound waves

1972 Ash & Nicholls: Micro-wave experiment with sub-wavelength 
sized apertures at a resolution of /60.

1984 D. Pohl, W. Denk & M. Lanz: Demonstration of a resolution 
of /20 using visible light.

…

1991 E. Betzig et al.: „Breaking the Diffraction Barrier – Optical 
Microscopy on a Nanometric Scale“

…
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Near-Field Imaging with a Tapered Probe

Light

Probe

Sample

Betzig et al. (1991)
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Optical Resolution Beyond the Diffraction Limit

Betzig & Trautman, Science 257, 189 (1992)
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Model: Aperture in an 
infinitely thin ideal conductor

Size: 50 nm ⋅ 500 nm
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Reflexion at a Metallic Surface

Standing wave
E

B
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A slit in a metal screen as scatterer
for the electromagnetic field

𝐸௧௢௧௔௟ 𝑧 ൌ 0 ൎ 0

𝚥

curl 𝐻 ൌ 𝚥 ൅ 𝐷ሶ

In first order the fields inside the slit are equal to
the fields at the metal surface

• At the edges the tangential components of E and H 
must be continuous.

• The incoming E-field is cancelled by the opposite
field created by the charges at the slit‘s rim.

• The additional H-field is created by the displace-
ment current 𝐷ሶ .

𝐸 perpendicular to long side of the slit
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Zakharian et al. (2004)

ሺ𝑆 ൌ 𝐸 ൈ 𝐻ሻHigh transmission ሺ𝑆 ൌ 𝐸 ൈ 𝐻ሻ !
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A slit in a metal screen as scatterer
for the electromagnetic field
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In first order the fields inside the slit are equal to
the fields at the metal surface

• At the edges the tangential component of E and
the normal component of B must be continuous.

• The incoming E-field is cancelled (at the edges) by
induction caused by the magnetic field penetrating
the slit. 

𝐸 parallel to long side of the slit
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Zakharian et al. (2004)

ሺ𝑆 ൌ 𝐸 ൈ 𝐻ሻLow transmission ሺ𝑆 ൌ 𝐸 ൈ 𝐻ሻ !
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Optical Near-Fields at a Circular Aperture

Christoffel Jacob Bouwkamp
(1915 – 2003)

Hans Bethe
(1906 – 2005)

Wikipedia
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Diffraction at a Circular Aperture:
Babinet Principle

The diffraction pattern at an aperture and a complementary disc are 
equal in intensity if the undiffracted light is subtracted.

Circular ApertureCircular Disc

Demtröder, Experimentalphysik 2


