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Summary:

Gold nanostructures were created using combinatorial magnetron sputtering and annealing, as well as
by electron beam lithography to create nanostructures for plasmonic and Raman sensing. The optical
response of the structures was measured by reflectometry, Raman spectroscopy and spectroscopic
ellipsometry to study the accuracy of dimensional metrology and the performance of the structures for
sensing. The structure was analyzed based on finite element calculations supported by electron micros-
copy measurements. The sensing performance of the deposited nanoparticles was explained by the
density and size distribution on the surface as a function of the amount of deposited material. The meas-
urements and finite element models on the grating structures revealed the most sensitive parameter
ranges for dimensional metrology and sensing performance of the structures.
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Background, Motivation an Objective

The importance of plasmonic nanostructures in
sensing doesn’t need to be emphasized due to
numerous studies and applications in recent
years. The large number of possible configura-
tions and combinations of materials necessitates
powerful methods for the optimization and gen-
eration of databases of optical and structural
properties. Combinatorial materials science is an
established method with new optimized ap-
proaches [1,2] to improve the quality and control-
lability of the created materials and structures.
The current work is a utilization of these oppor-
tunities for a range of materials properties for
metrology and sensing.

Results

Two types of gold nanostructures have been in-
vestigated. The first one is created by annealing
of gold layers with a gradually changing thick-
ness on glass slides to generate gold nanoparti-
cles for plasmonic and Raman investigations.
The second type is a gold grating structure (Fig.
1) created by electron beam lithography. Both
structures have been investigated by optical
methods to determine the structures and to uti-
lize them for (optical reflection and Raman)
sensing. Finite element modeling and electron
microscopy measurements supported the study
by providing explanations of the sensing behav-
ior of the structures. Both the gold nanoparticles
created by sputtering and annealing and the
grating structures created by electron beam Ii-
thography could be modeled using suitable finite
element approaches. The simulations agreed
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with measurements in both cases, explaining the
major phenomena.
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Fig. 1. Phase shift of the reflection coefficients of
light polarized parallel and perpendicular to the plane
of incidence as a function of the period (Pitch) and the
wavelength on a gold grating in Kretschmann config-
uration ([glass ambient]/[gold grating (thickness of
60nm, grating line width of 50 nm)J/[water substrate])
at an angle of incidence of 70°.
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