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Recent progress in scanning probe microscope
based super-resolution near-field fingerprint microscopy
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Abstract; Scanning probe microscope ( SPM) based super-resolution near-field fingerprint microscopy is
a promising technique for detecting molecular structures and identifying the composition of materials on
the nanometer scale. In recent years, tip-enhanced Raman scattering, Fourier-transform infrared nano-
spectroscopy and scattering-type scanning near-field terahertz spectroscopy have been developed based
on the combination of Raman scattering spectroscopy, infrared absorption spectroscopy and terahertz
spectroscopy with a SPM, respectively. These scattering-type scanning near-field optical microscopy
techniques are realized by using different experimental setups and can provide different but complemen-
tary information on the structure or components of materials. In this review, the characteristics of the a-
bove three techniques are examined and compared in depth, and the applications and recent progresses
of them are also summarized concisely.
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Fig.1 The scheme of AFM based TERS technology with side
illumination mode. Local enhancement of the electric field
with the size correspond to the radius of curvature of tip is in-
duced at the tip apex by side illuminating the probe tip with
the monochromatic laser. Thus the Raman scattering signal of
molecules under the tip apex will be enhanced by orders of
magnitude than that in far field. The TERS spectra of mole-
cules can be obtained by first grating the scattering light, and
then detecting the intensity of each characteristic line by
charge coupled device. The distance between the tip apex and
samples can be precisely controlled by piezoelectric scanning
tube with the feedback of the small force, which is read and
amplified by position sensitive detector between them. As a
result, the nanometer spatial resolution fingerprint spectra and
topography of samples are obtained
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Fig.2 The diagram of molecular energy level and energy lev-
el transition of Raman scattering (left), Rayleigh scattering
(middle) and infrared absorption (right) spectra. n,v,J are
the quantum number of electronics, vibrational and rotational
level of molecules, respectively
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Fig.3 TERS mapping of a single H2TBPP molecule on Ag
(111). (a) Representative single-molecule TERS spectra on the
lobe (red) and centre (blue) of a flat-lying molecule on Ag
(111). The TERS spectrum on the bare Ag about Inm away
from the molecule is also shown in black. (b) The top panels
show experimental TERS mapping of a single molecule for dif-
ferent Raman peaks. The bottom panels show the theoretical sim-
ulation of the TERS mapping. (c) Height profile of a line trace
in the inset STM topograph. (d) TERS intensity profile of the
same line trace for the inset Raman map associated with the 817
cm” Raman peak, integrated over 800 ~852 cm™. Adopted from
reference 11, reprinted by permission from Macmillan Publishers
Ltd: [ Nature], copyright (2013)
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Fig.4 The near-field dipole coupling model of the tip-
sample complex system. Where /; and I, are, respectively,
the light intensity incidence on the tip apex and scattering
from tip-sample system; E, x are, respectively, electric
vector and wave vector of the incident light; () is the me-
chanical vibration frequency of cantilever
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Fig.5 Infrared nanospectroscopy and nanoimaging of secondary structure in individual insulin fibrils. (a) Topography of insulin
fibrils on a silicon substrate. The arrows indicate a type I fibril (I) and a 9-nm-thick fibril composed of several protofilaments
(X), respectively. (b) Nano-FTIR spectrum of a 9-nm-thick insulin fibril recorded at the position marked by the red symbol in a.
The dashed blue line shows for comparison a GI-FTIR spectrum of insulin monomers on a gold substrate. (c¢) Illustration of the
structure of an amyloid-like insulin protofibril (a type I fibril consists of two protofibrils). (d) Band decomposition of the nano-
FTIR spectrum (red curve) based on five absorption bands (thin black curves). The dashed black curve shows the resulting fit.
(e) s-SNOM phase images of the fibrils shown in a. (f) Local infrared absorption spectra ( symbols) depicting the normalized i-
maginary part of the near-field signal at the positions marked in a (red, green, blue symbols). Adopted from reference 33, reprin-
ted by permission from Macmillan Publishers Ltd; [ Nature communications |, copyright (2013)
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Fig.6 (a) TEM image of a single transistor. The highly doped regions below the source and drain NiSi contacts are marked
by dashed yellow lines. (b) Infrared image (A=~11 um, v =28 THz) and (c) high-resolution THz image (A =118 um,v =
2.54 THz) s3 of the single transistor. Adopted from reference 13, reprinted by permission from American Chemical Society,

copyright (2008)
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