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Fig. 1. (color online) Theoretical model diagram of

patterned surfaces: (a) Four-way grid; (b) squares.
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Fig. 2. (color online) Schematic of the patterned
PDMS film fabrication process.
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Fig. 3. SEM images of patterned PDMS films:
(a) Four-way grid; (b) squares.
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Fig. 4. SERS spectra acquired from different patterned surfaces: (a) Four-way grid, cystine; (b) squares, cystine;

(c) four-way grid, melamine; (b) squares, melamine.
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Fig. 6. (color online) Distribution of electromagnetic field of surface-patterned films: (a) Four-

way grid; (b) squares.
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Abstract

Surface-enhanced Raman scattering has a high sensitivity in the detections of complex biological systems, and it has a
lot of potential applications in food inspection, biological imaging and biosensors in biochemistry, etc. Here, we investigate
the surface Raman enhancements on gold films of different morphologies and further simulate the enhancements by using
the finite difference time domain.

To prepare the substrates with different morphologies, polymethyl methacrylate (PMMA) is spin coated 2000 rpm
in one minute on a silicon wafer, followed by annealing at 180 °C for 5 min. Then, PMMA is etched by a 20 kV electron
beam lithography. With the PMMA used as a soft imprint template, polydimethylsiloxane (PDMS) is dropped on the
template then removed gently from the template after drying at 60 °C for 4 h. Finally, a gold thin film is prepared
on the PDMS by magnetron sputtering with a current of 10 mA for 15 min. We design two kinds of morphologies: a
four-way grid and a square morphology. The dimension of the four-way grids is 40 ym and the grid width is 4 pm.
The dimension of the square is also 4 pm. The cystine and melamine solutions with concentrations of 50, 100, 200 and
400 ppm are deposited on the surfaces of the gold thin film, respectively. The Raman spectra of cystine and melamine
solutions are measured on the substrates with four-way grids and dot arrays. The Raman spectra of cystine on two
kinds of substrates show no obvious difference. Due to the relatively small enhancement of melamine, the Raman peaks
of melamine solutions of concentrations 50 and 100 ppm on the substrate of square morphologies are not easy to detect.
On the contrary, all of the Raman spectra of melamine on the substrate of four-way grid morphologies are clear. The
result indicates that the substrate with four-way grids has better sensitivity and enhancement performance.

To verify the influence of the morphologies of the substrates on surface Raman enhancement and understand the
mechanism of the enhancement, we simulate the scattering spectra and field distributions of different morphologies on
gold thin films by using the finite difference time domain method. It is indicated that more complex the structure,
the more obvious the enhanced Raman spectra will be. The calculations show that the enhancements of four-way
grid morphologies are better than those of square morphologies. The predicted results of the surface enhanced Raman
scattering are consistent with the measurements. These results will provide guidance and theoretical basis for further

applications of surface enhanced.

Keywords: surface enhanced Raman scattering, soft template imprinting, finite difference time domain,

surface micro-pattern

PACS: 81.16.Rf, 68.35.Ct, 74.25.nd, 78.30.—] DOI: 10.7498/aps.65.208102
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