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Fig. 1. (a) The cross-sectional sketch of the one-dimension-
al gratings; (b) the calculated enhancement factor as a func-
tion of the period and duty ratio.
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Fig. 2. (a) The calculated bandgap structures for various periods but the same depth and duty ratio; (b) the calculated enhance-

ment factor and reflectivity as a function of the period; (c) the calculated electric field distribution of structures with different periods

corresponding to the positions A, B, C, and D in (b).
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Fig. 3. (a) The calculated bandgap structures for different depths but the same period and width; (b) the calculated enhancement
factor as a function of depth and groove width, in which the period is set as 200 nm; (c) the electric field distribution of structures
with different depths and widths, corresponding to the positions A, B, and C in (b); (d) the calculated enhancement factor as a

function of the depth.
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Fig. 4. (a) The cross-sectional sketch of the structure with double grooves; (b) the calculated bandgap structures for different depths with
P = 475 nm, W; = 182 nm and W, = 20 nm; (c) the calculated enhancement factor as a function of the depth; (d) the calculated
electric field distribution of different depth corresponding to the positions A, B, and C in (c).
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Fig. 5. (a) Schematic diagram of the template stripping process; (b) the SEM images of gratings on coated Ag film; (c) the SEM im-

ages of stripped Ag gratings; (d) the propagation measurements of 633 nm laser on conventional Ag film and stripped Ag surface.
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Fig. 6. Experimental bandgap structures corresponding to those in Fig. 2 (a).
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SPECIAL TOPIC—Plasmon-enhanced light-matter interactions

Surface-enhanced Raman scattering of
subwavelength metallic structures”
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(Collaborative Innovation Center of Advanced Microstructures, National Laboratory of Solid State Microstructures, College of

Engineering and Applied Sciences, Nanjing University, Nangjing 210093, China)
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Abstract

Surface-enhanced Raman scattering (SERS) makes the Raman signals, as fingerprints of different vibration
modes of chemical bonds, significant in practical applications. Two main mechanisms, chemical and physical,
are attributed to the SERS of molecules adsorbed on metals. The physical mechanism plays a major role in
SERS, which is the focus of our paper. Recent SERS systems are mostly based on dimer structures, i.e.
nanoparticle pairs, of noble metals. Large amplification of electrical field occurs in the gap of a dimer structure
compared with a single nanoparticle. The above gap positions are called as “hot spots” of SERS. In addition,
the reproducibility and reliability of SERS substrates are also important for practical applications. Here we use
periodical subwavelength metallic structures to meet such needs, and develop other kinds of electrical field
enhancement mechanisms. We present the electrical field enhancement of the band-edge mode of surface
plasmon polariton, gap plasmon polariton mode, as well as their coupling mode. We choose one-dimensional
subwavelength metallic structures to clarify the physical mechanism. Our purpose is to develop subwavelength
metallic structures with even and intensive “hot spots”, serving as ultrasensitive solid-state SERS substrates

with excellent reproducibility and reliability.

Keywords: surface-enhanced Raman scattering, surface plasmon polaritons, subwavelength structures, near-

field optics
PACS: 74.25.nd, 71.36.+c, 78.67.—n, 68.37.Uv DOI: 10.7498/aps.68.20190458

* Project supported by the National Key Research and Development Program of China (Grant No. 2017YFA0303700) and the
National Natural Science Foundation of China (Grant Nos. 11374150, 11274159).

1 Corresponding author. E-mail: xuejinzh@nju.edu.cn

147401-8


http://dx.doi.org/10.7498/aps.68.20190458
mailto:xuejinzh@nju.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

