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Correlative SEM and Raman imaging of hot spots on SERS substrate
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Surface Enhanced Raman Spectroscopy (SERS) is becoming more popular due to large signal
amplification of the Raman signal and therefore for a quick chemical analysis. The enhancement of the
signal is caused by amplification of the light by the excitation of localized surface plasmon resonances.
This light concentration occurs usually in the gaps, crevices, or sharp features of plasmonic materials,
which contain metals with nanoscale features. The spots which enhance the field are called ,hot spots®,
and their size varies between a few and several hundred nm. We were able to visualize hot spots using a
recently developed correlative Scanning Electron (SEM) and Confocal Raman (CRM) microscopy [1]
we call RISE. Visualization of exactly the same area of the SERS substrate in SEM and Raman is very
challenging in two stand-alone systems since the plasmonic nanostructures on substrates are usually
periodically arranged and similar to each other. The unique configuration of the RISE system lies in the
direct navigation between SEM image and corresponding area for Raman spectra acquisition. Figure 1
shows overlaid SEM and Raman images of mercaptopyridine on silver SERS substrate with
corresponding spectra [2]. Different enhancement factor of the Raman signal of mercaptopyridine can be
seen due to variance of the plasmonic nanostructures on the periodically ordered, plasma etched, and
silver-coated polystyrene spheres.

The RISE system comprises a high-resolution SEM and CRM integrated into the vacuum chamber. The
CRM is equipped with a green excitation laser (532 nm) which provides a lateral resolution of 360 nm
and depth resolution of 750 nm, respectively. Thus the resolution of CRM is comparable with stand-
alone Raman instruments and it is not compromised by integration with the SEM. The electron
microscope used here comprises the immersion magnetic optics with a resolution of 1.4 nm at 1 kV and
1 nm at 15 kV [3], however, other types of electron columns are possible as well. The high resolution at
low electron acceleration voltages makes it suitable for beam-sensitive samples.
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Figure 1: A detailed view of SERS substrate with correlative SEM-Raman imaging. Left: Overlaid
SEM and Raman micrographs, Right: Corresponding Raman spectra showing characteristic peaks of
mercaptopyridine. Various colors correspond to the different enhancement factor of the spectra caused
by variance of the plasmonic structures on polystyrene spheres.
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