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Abstract: The fabrication of substrates with strong surface-enhanced Raman scattering ( SERS) activity is one of the most
important research focuses. The researches play an important role in exploring the applications of SERS. In this review
article four simple and novel approaches for fabricating 3D micro-/nano-substrates have been demonstrated and the obtained
SERS-active substrates have great advantages, such as high repeatability, good stability, and large enhancement factors.
Rolled-up microtubes: the diameter of the microtube can be adjusted, and the SERS signal is stable. Micro-/nano-structures
fabricated by using porous anodic alumina templates: the Raman signal presents excellent uniformity. Composite structures
which combine nanoparticles with nanowires/nanorods: there are more “hot spots” and larger specific surface area for
absorbing molecules. Micro/nano-structures produced using butterfly wings as templates: the substrates have high detection
sensitivity and good signal reproducibility. Compared with low-dimensional SERS-active substrates, 3D micro-/nano-structures
have much superior performance and new features, such as the sensitivity and the repeatability of SERS signal are significantly
improved. The introduction of 3D micro-/nano-structures in this field may pave the way for practical applications of SERS.
Key words: surface-enhanced Raman scattering; rolled-up microtubes; porous anodic alumina; composite structure;
butterfly wings structure
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Fig. 1  Optical microscopy images of Si0/Ag/Au rolled-up microtube

arrays: (a) square pattern, (b) circle pattern; SEM images
of one side of a single microtube: (c¢) square pattern,

(d) circle pattern
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Fig.2  Raman spectra of R6G molecules absorbed on different

positions of rolled-up microtube (a), the inset is optical
microscopy image of rolled-up microtube; Raman intensity
mapping (10 wmx 50 pm) obtained from the integrated
intensity of the 1650=10 ¢cm™" band of 10~ M R6G

adsorbed on the surface of the microtube (b)[%:10]
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Fig. 3 Detection limit concentrations of R6G molecules absorbed
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on different substrates
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Fig. 4 SEM image of SNSAs( silver nanocap superlattice arrays,
SNSAs) , the inset shows large-area SNSA with size of about
lem?(a); SERS map (40.0 pmx40.0 wm) obtained from
the SNSA (b) [%2]
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Fig. 5 SEM image of TiO, nanorod arrays, the inset is under higher
magnification(a) ; SEM image of Ag/TiO, nanorod arrays,
the inset is under higher magnification(b) ; Schematic of the
composite structure of Ag/TiO, nanorod arrays (c) ; recycled
SERS performance (recorded over four cycles) of the Ag/

Ti0, nanorod array substrate ( d) ¢!
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Fig. 6 SERS spectra of a 107> M R6G solution on different substrates,

substrate I; Ag nanomembrane, substrate II; Ag nanoparticles,
substrate III; Ag replicas with P. paris, substrate IV, Ag
replicas with E. mulciber (a) ; SEM images of the natural E.
mulciber wing scale (b), the natural P. paris wing scale (c) ,

substrate IV (d) and substrate IIT (e)[?%)
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