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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 li-
thography could be modeled using suitable finite 
element approaches. The simulations agreed 

with measurements in both cases, explaining the 
major phenomena. 

 
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)]/[water substrate]) 
at an angle of incidence of 70°. 

References 
[1] G. Sáfrán, “One-sample concept” micro-combina-
tory for high throughput TEM of binary films, Ultrami-
croscopy 187 (2018) 50–55. 

[2] G. Sáfrán, P. Petrik, N. Szász, D. Olasz, N.Q. 
Chinh, M. Serényi, Review on High-Throughput Mi-
cro-Combinatorial Characterization of Binary and 
Ternary Layers towards Databases, Materials 16 
(2023) 3005. https://doi.org/10.3390/ma16083005. 

[3] D. Mukherjee, K. Kertész, Z. Zolnai, Z. Kovács, A. 
Deák, A. Pálinkás, Z. Osváth, D. Olasz, A. Roma-
nenko, M. Fried, S. Burger, G. Sáfrán, P. Petrik, Op-
timized sensing on gold nanoparticles created by 
graded-layer magnetron sputtering and annealing, 
submitted for publication.

 

EUROSENSORSXXXVI	 471

DOI 10.5162/EUROSENSORSXXXVI/PT7.123


