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Raman scattering microscopy has become one of the hot topics in microscopy community as a 
tool for analyzing advanced nano-materials, such as biomolecules in a live cell, semiconductor 
devices for characterizing strain distribution and contamination, nano-carbons and 2D nano-
materials [1].  However, the cross-section of Raman scattering at molecules is extremely small 
compared to fluorescence or infrared absorption, and the spatial resolution is limited due to the 
diffraction. In this presentation, I would like to discuss the spatial resolution and scattering 
enhancement of Raman scattering microscopy. Scattering efficiency is enhanced either by 
coherent nonlinear Raman scattering process, plasmonic field enhancement mechanism, or non-
resonant Raman scattering process [2]. Even line-illumination microscopy with a polychromator 
and a 2D-CCD effectively reduces the time of exposure for spontaneous Raman scattering 
imaging [3]. In the tip-enhanced scattering (TERS) microscope, a metallic probe tip enhances the 
field typically by the factor of typically 103 to 106, due to the resonance of surface plasmon 
polaritons in the antenna geometry [4]. Spatial resolution is also enhanced by the factor of 
typically 10 to 20 beyond the classical diffraction limit by the localization of plasmons at the tip 
[5].  Deep UV laser excitation makes scattering efficiency much higher, typically x108, than 
visible/near-infrared excitation due to the resonance Raman scattering, for nucleotides and 
proteins in a cell, and photo-degradation of molecules is effectively suppressed due to the energy 
transferring from bio-molecules to lanthanide ions doped in solution [6]. Aluminum was used as 
plasmonic materials for the tip in deep UV [7], and liquid-immersion objective was developed 
based on Schwarzschild design with NA of 0.9 [3]. If time allows I would like to extend my talk 
to the further issues, 1-nm resolution [8], 3D imaging in a living cell [9], and non-scanning TERS 
imaging [10].   
 
References 
[1] A.F. Palonpon, et. al., Nature Protocol, 8, 677, 2013. 
[2] S. Kawata, et. al., Chem. Rev. 117, 4983, 2017. 
[3] Available from Nanophoton Corp (www/ nanophoton.net). 
[4] Y. Inouye and S. Kawata, Opt. Lett. 19, 159, 1994. 
[5] S. Kawata, Y. Inouye, P. Verma, Nature Photon. 3, 388, 2009. 
[6] Y. Kumamoto, et. al., Biomed. Opt. Express. 7, 158, 2015.  
[7] A. Taguchi, et. al., Nano Scale, 7, 17424, 2015. 
[8] T. Yano et al., Nature Photonics, 3, 473, 2009. 
[9] J. Ando, et. al, Nano Lett. 11, 5344, 2011. 
[10] S. Kawata, A. Ono, P. Verma, Nature Photon., 3, 473, 2009. 
 

 
 
 
 
 

第65回応用物理学会春季学術講演会 講演予稿集 (2018 早稲田大学・西早稲田キャンパス)18p-F210-2 

© 2018年 応用物理学会 100000001-209 S8


