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Nano-scale infrared (IR) spectroscopic analysis has long been needed in material,
biological, geological and planetary sciences. Owing to intense electromagnetic fields
confined at the keen tip of a probe, called near-field, nanometer-scale IR scattering intensity
measurement can be conducted by a scattering type scanning near-field optical microscope
(s-SNOM) combined with a background scattering reduction system. However, only a narrow
bandwidth was achieved by this type of s-SNOM measurement due to a laser light source.
Damages of the probe tip and target samples might also occur due to intense amplified IR
electromagnetic fields which are 10 — 1000 times larger than the incid’ent,ﬁeld. Another type
of instrument keeping advantages of standard IR spectroscopy, such as a large wavenumber

range (broadband) and almost no sample damage, is needed for measurements of fragile
microscopic materials such as nanometer-scale organic materials in meteorite.

In order to achieve non-destructive, broadband and nanometer-scale IR spectroscopy, a
ceramic light source was used in my Ph. D. thesis research. The ceramic light source has
advantages of a wide bandwidth, a high stability and a weakness of intensity enabling
non-destructive analyses. On the other hand, its low intensity is a weak point in the near-field
measurement. Consequently, an increase of the signal intensity is required.

A s-SNOM system using an conventional FTIR with a ceramic light source combined to a
scattering type probe was developed by JASCO Corporation. This instrument did not have a
background reduction system and detected signals were contaminated by scattering lights not
from the probe tip. Therefore, it was difficult to treat obtained signals quantitatively and to
compare them with near field scattering theories.

My thesis research was conducted to solve these problems, i.e. 1) effective background
reduction, 2) increase of near-field signals, and 3) comparison with near-field theories.

For the reduction of background scattering, a piezoelectric stage was added to the JASCO
s-SNOM instrument in order to modulate the probe-sample distance, and the second harmonic
(2Q) component was extracted by a lock-in amplifier. The detected IR integral signal intensity
decreased exponentially with the distance between the probe tip and an Au mirror, with a
localization scale of approximately 100 nm. An area with Au islands formed by electron beam
lithography was scanned with the modulation system. The obtained IR integral intensity
image matches the topographic image, indicating sub-micron spatial resolution. These results
indicate that the addition of the modulation system to the broadband near-field IR
spectrometer was successful in obtaining localized near-field signals and sub-micron spatial
resolution, even using a ceramic IR light source.

Then by eliminating the step structure of the Au coated probe tip, and by using the Q (=30
kHz) component extracted from the signal with a lock-in detection with a peak-to-peak
modulation amplitude of 198 nm, broadband near-field IR spectra could be obtained in the
1200-2500 cm’! range.

By improving optical adjustments and by using a much lower frequency for the sample
stage modulation Q (= 2.6 kHz), a much wider bandwidth (at least 3500 to 1000 cm™) was
achieved with a ceramic light source for the first time. With this improved instrument, quartz
phonon bands in the 1400 - 800 cm™ range could be measured with a reasonable S/N ratio of
30 (for the peak at 1150 cm™).

Two theoretical models: point dipole (PD) and finite dipole (FD) models for near-field
electromagnetic wave scattering were used to simulate quartz phonon resonance spectra by
using parameters of the present study. The quartz Si-O phonon resonance bands could be well
reproduced by the FD model with the parameter g ~1, indicating the validity of the present
broadband near-field IR spectroscopy.

The problems of background reduction, low intensity, narrow bandwidth and mismatch
with theories were resolved. The obtained bandwidth of 1000 — 4000 cm™' marked the world’s
best. Although this research thesis have not yet reached to the measurements of
sensitive-to-damage samples such as organic materials in meteorites, the match with the
theory of the quartz phonon resonance bands around 1100 cm™ indicated the successful
near-field IR spectral measurements by the present instrument.
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