AKIT 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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A7 E. Synge: Microscopy with holes
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AT Detection of Evanescent Fields
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AT E. H. Synge (1928)

XXXVIIL 1 Suggested Method for extending Microscopic
Resolution into the Ultra-Microscopic Region. By .11
SyYNGE ™.

It remains to consider the most obvious
technical difficulties. These seem to be four in number :—

illumination, which must be of very
y.

| adjustments
would be require

que plate, and the
g of regular increments of motion of 10~° cm.

he plane of the section, the conditions in both
cases being such that friction cannot be entively

ction so that it presents
from a plane by

(4) The cons on, in an opaque plate or film, of a hole
1890 - 1957 whose diameter is of the order 107 cm.
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AT Scanning Near-Field Optical Microscopy AXIT Optical Resolution Beyond the Diffraction Limit

(SNOM): A Brief Historical Overview
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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 A/60.

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

storage appivcations. Near-feld storage has boen domon-
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area of an average character in this sentence.

1991 E. Betzig et al.: ,Breaking the Diffraction Barrier — Optical
Microscopy on a Nanometric Scale” e S
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Betzig & Trautman, Science 257, 189 (1992)
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. . . Model: Aperture in an
AXIT Near-Field Imaging with a Tapered Probe AKIT infinitely thin ideal conductor
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AT Reflexion at a Metallic Surface

Standing wave
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ﬂ("’ A slit in a metal screen as scatterer
for the electromagnetic field

E parallel to long side of the slit

In first order the fields inside the slit are equal to

the fields at the metal surface Ein
R H
At the edges the tangential component of E and ] "
the normal component of B must be continuous. e — —
® ®_©® ® ® © ©
The incoming E-field is cancelled (at the edges) by tle 0o 08 070 o7
induction caused by the magnetic field penetrating — e

the slit. ) i .
Etota(z=0)~0 curlE=-B

| Low transmission (S = E x H) ! |
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ﬂ("’ A slit in a metal screen as scatterer
for the electromagnetic field

E perpendicular to long side of the slit

In first order the fields inside the slit are equal to = g ——
the fields at the metal surface Em
J - e -
At the edges the tangential components of E and H Hin
must be continuous. - - i >
« 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 D. Erota(z=0)~0 curlH=7+D
] B

| High transmission (§ = E x H) !
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AT  Optical Near-Fields at a Circular Aperture

Hans Bethe Christoffel Jacob Bouwkamp
(1906 — 2005) (1915 —2003)
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Diffraction at a Circular Aperture:
IT Babinet Principle

Circular Disc Circular Aperture

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