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Near-field scanning optical microscope
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ABSTRACT

Near-field scanning optical microscope (NSOM)isascanning optical microscope that resolves an
object into an optical image with a resolution well below the diffraction limit which is obtained by using
a sub-wavelength probe scanning the sample surface as close as <10nm. This nanometer size probe
can be a light source which near-field pattern can be observed in far field, or a near-field pattern
detector which laser passes through particles from far field, or scatter source at near field which an
object can be observed in far field. The dynamics of distance regulation system is based on oscillating
probe at resonance with tuning fork shear-force feedback system, which is used as distance control
mechanism, while the sample is scanned near probe with XYZ-piezoelectric scanner. Themicroscope
has many different typeswhich arevaried by the techniquesofdetecting or sending the laser. Near-field
scanning optical microscopes have been used in physical andbiological studies in which nano-scale

resolution is essential.
Keywords: NSOM, Near-field scanning optical microscope
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Figure 1 Diffraction limit of light and far-field optical microscopy
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Apertureof Near-Field Microscopy

Figure 2 Schematic diagram of an aperture near-field microscopy
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(h = distance far from aperture)

B far-field area(h >A\)
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A D optical fiber

E metallic coating of optical fiber
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Figure 3 Schematic diagram of a probe is used with an aperture for near-field optical image at point

(NanoScanTechnology, 2007)
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A - for illuminating and collecting reflected
radiation, the same optical fiber is used

B -for illumination using optical fiber
probeto collect the reflected light from the
sample surface

C - for illuminating sample an external
source of laser radiation is used, for
collecting reflected radiation the probeis

used

D - for illuminating the sample a probeis used for collecting transmitted light. The technique is applicable

only to transparent samples

E - for illuminating sample an external source of laser radiationis used, to collect transmitted light a

probe isused. The technique is applicable only to transparent samples

Figure4 This figure shows different methods of near-field optical microscopy with aperture

(NanoScanTechnology, 2007)
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resonator(setting initial frequency ofresonator).

Figure 6The quartz tuning fork resonator used for feedbackcontrol (NanoScanTechnology, 2007)
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Figure7 Schematic lay out of a near-field scanning optical microscope.The NSOM probe is a tapered
optical fiber (Figure8). Laser light iscoupled into the fiber and is used to excite fluorophores

as the probescans the sample surface. The probe-sample distance is maintainedconstant at

<10 nm during scanning by shear-force-based distancedetection in combination with an
electronic feedback systemcontrolling the piezoelectric scan stage. Fluorescence is collected

by a conventional inverted microscope. Dual-channel optical detectionallows wavelength and/or

polarization discrimination(Lange et al., 2001)
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Aluminium-coated
tapered optical
fiber

100 nm

Figure8 The near-field optical probe. An optical fiber is pulled to a final diameter of 20-120 nm and
subsequently coated with aluminum. This coating serves to confine the light to the tip
region. A subsequent etching step results in a flat and circular endpoint and aperture. The
aperture functions as a miniature light source, and its diameter primarily determines the

optical resolution of the microscope(Lange et al., 2001)

Aluminium

Excitation light in glass
Near-field

Sample surface
Fluorophere

Fluorescence

Figure9 The principle of surface-specific excitation. The optical near-field generated at the aperture
has significant intensity only in a layer of <100 nm from the aperture; lower lying
fluorophores are therefore not excited. Hence, background fluorescence is effectively
suppressed. This forms the basis for the high optical detection sensitivity of this

technique.(Lange et al., 2001)
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Figure10a) Single molecule detection on cells by NSOM. This figure shows a 40 nm opticalresolution

near-field ‘zoom-in’ on the indicated area (3.2 ~ 3.2 mm2) in the bright-field image of a

fibroblast expressing LFA-1-GFP. GFP excitation is accomplished using 488 nm light (Ar-
Kr laser line) linearly polarized along 90° b) Estimation of the resolution in the near-field
image. This figureshows a line trace through the feature marked with the hexagon in
thenear-field image. The full width at half maximum (FWHM; arrows) ofsuch traces can
be used to obtain an estimate for the maximalresolution (half the FWHM) in the near-field

image. On this basis, weestimate the resolution in the near-field image to be ~40 nm.

(Lange et al., 2001)
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Figure11 (a)Schematic diagram of the experimental setup.(b) In the inset the double resonant

emplacement of a fiber probe "¢’ onto a tuning fork is shown: metal case of a tuning

fork“a’and thin glass rodconnecting probe“d” and tuning fork "b”. (Chibaniet al., 2010)

Figure12 Scanning electron microscopy images of an etched Plastic Optic Fibernanoprobe (Chibaniet

at.,2010)
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Figure 13 Shear forcetopographicalimageofsingleLambdaDNAmoleculesonmica. Constant

amplitudemodeoftheNanonisSA,Switzerland. SNOMcontrollerwas used

asafeedbacksource. Scansize:2.2lLlmx2.2 LLm. (Chibaniet al., 2010)

Figure14 Shear forcetopographicalimagesof(a)isolated1 pim-diameter fluorescentbeadsandand

(b)100nm-diameterfluorescentbeads.lmagesizes:6 mmx6 mm (Chibani et al., 2010)
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