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Abstract

One of the most important advances in Raman spectroscopy in recent years has been its integration with
scanning probe microscopes (SPM), especially atomic force microscopes (AFM). Currently, AFM is
recognized as one of the best imaging methods for studying the distribution of heterogeneous surface in
nanoscale dimensions. Scientists are now focused on obtaining more enhancement factor of electric
field, to the extent that detection and mapping of only one molecule has become possible with this
method. Therefore, spatial resolution is being improved in detecting sub-molecule levels. In this paper,
using the finite difference time domain (FDTD) calculation method, the effect of changing the
parameters of the probe such as cone angle, tip radius and its material on the electric field intensity near
the apex of the probe is investigated. In addition, the effect of polarization of light on the increase of
electric field has been analyzed. The simulation results obtained for different cone angles show that the
cone angle of 30 degree creates the highest amount of electric field enhancement factor at the tip apex.
Furthermore, the use of laser source with radially polarized light and the use of substrate are very
effective factors on improving the electric field enhancement factor. Finally, the maximum value of
electric field enhancement factor of the proposed configuration is 3.2x104, where this value has been
improved significantly comparing to the results reported in the previous papers published in this field.
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Figure (1): The schematic of AFM-TERS principle [6]
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Figure (2): Schematic diagram of the metal tip and substrate geometry [19]
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Figure (3): Spectral responses of the electric field enhancement factor for the gold tip of cone angles of 5°, 10°, 20° and 30°
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Figure (4): Electric field distribution of the gold tip of cone angle of 30°
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Figure (5): Spectral responses of the electric field enhancement factor for the silver tip of cone angles of 5°, 10°, 20° and 30°
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Figure (6): Electric field distribution of the silver tip of cone angle of 30°
Table (1): The largest amounts of electric field enhancement factors for the gold and silver tips at different cone angles
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Figure (7): Spectral responses of the electric field enhancement factor for the gold tip for tip radiuses of 10 nm, 15 nm and 20 nm
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Figure (8): Spectral responses of the electric field enhancement factor for the silver tip for tip radiuses of 10 nm, 15 nm and 20 nm
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Figure (9): Spectral responses of enhancement factors for the gold and silver tips with cone angles of 30° under radially polarized light
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Figure (10): Spectral responses of the enhancement factor within the nanogap between the silver tip and gold, silver and silica substrate in the
optimal conditions

Table (2): Comparison of the results obtained in the published papers with the outcome of the method used in this article
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2. Scanning probe microscopy 10. Tip radiuses
3. Tip enhanced Raman spectroscopy 11. Linearly and radially polarization
4. Localized surface plasmon resonance 12. Substrate
5. Lighting rod 13. Total field scattered field
6. Gap-mode 14. Perfectly match layer
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8. Three-dimensional finite difference time domain 16. Richards-wolf
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