
Citation: Sarapukdee, P.; Schulz, D.;

Palzer, S. Silver-Based Plasmonic

Grating with PDMS Microchannel for

Biological Sensors. Proceedings 2024,

97, 192. https://doi.org/10.3390/

proceedings2024097192

Academic Editors: Pietro Siciliano

and Luca Francioso

Published: 17 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Silver-Based Plasmonic Grating with PDMS Microchannel for
Biological Sensors †

Pongsak Sarapukdee 1 , Dirk Schulz 2 and Stefan Palzer 1,*

1 Professorship for Sensors, Department of Electrical Engineering and Information Technology, TU Dortmund,
44227 Dortmund, Germany; pongsak.sarapukdee@tu-dortmund.de

2 Chair for Communication Technology, Department of Electrical Engineering and Information Technology,
TU Dortmund, 44227 Dortmund, Germany; dirk2.schulz@tu-dortmund.de

* Correspondence: stefan.palzer@tu-dortmund.de
† Presented at the XXXV EUROSENSORS Conference, Lecce, Italy, 10–13 September 2023.

Abstract: The label-free approach streamlines sample analysis by eliminating the need for fluorescent
markers or labels, thus improving accuracy and speed. This contribution explores the potential of
silver-based plasmonic gratings as central building blocks for developing biological sensors using
label-free detection techniques. It presents the design, fabrication, and optimization of plasmonic
gratings, including showcasing their application in biological molecule detection.
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1. Introduction

Label-free detection is widely used for studying biological molecules and offers
straightforward information compared to using labeled molecules [1]. Silver-based grat-
ings enable label-free detection in biomedical applications by exciting plasmonic surface
waves [2]. Additionally, grating structures enable miniaturization, integration with estab-
lished microelectronic technologies, and simple use in on-chip applications. Plasmonic
research focuses on various applications, including chemical and biological sensors, op-
tics, and data transfer. These enable real-time analyte detection through surface plasmon
excitation. Grating configurations can be seamlessly combined with integrated circuit man-
ufacturing technology, providing adaptability and accuracy in quantifying small molecule
quantities in biosensors. However, the challenges include stability, durability, and fab-
rication processes. This work presents the development of high-performance biological
sensors, harnessing the potential of silver-based plasmonic gratings with microchannel and
label-free detection techniques.

2. Materials and Methods

A silver grating was fabricated on a silicon wafer with a surface of (20 × 20) mm2,
a thickness of 100 nm, and a grating height of 50 nm. Electron beam lithography was
used to create an 800 nm grating period within a total area of 1.2 mm2. A 5 µM solution
of protein A [3] in pH 7.5 phosphate-buffered saline (PBS) buffer was measured using
polydimethylsiloxane (PDMS) microchannels [4] with a thickness of 2000 µm and a channel
height of 150 µm, respectively, attached to the silver grating structure. The grating plasmon
excitation was measured with an angle scanning tool. The experimental setup presented in
Figure 1 was used to detect the reflected wave from the grating structure, utilizing a He-Ne
laser source operated at a wavelength of 632.8 nm. The sample was rotated within an angle
range of 10◦–45◦ with reflections analyzed at intervals of 0.2◦.
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Figure 1. (a) Schematic overview of the silver grating geometry with a grating period of P = 800 nm, 
a height of h = 50 nm, and a thickness of b = 100 nm. (b) The silver grating with PDMS microchannel 
was mounted in the sample holder with laser beam alignment on the grating area. The experimental 
setup indicating the incident and reflected waves is shown in (c). 

3. Discussion 
The plasmon excitation angles with and without a PDMS microchannel are depicted 

in Figure 2 and show similar behavior, indicating its minimal impact on detection. The 
results confirm PDMS as an appropriate solution-containment channel. The PBS solution 
shifted the excitation angle of the plasmons, and the protein A solution caused a further 
shift. The grating sensor with the PDMS microchannel had an average sensitivity of ap-
proximately 77.23°/RIU, demonstrating the viability of PDMS as a microchannel and the 
grating coupler for biomolecular solution identification. 

 

Figure 2. The effect of PDMS microchannel on the relative reflection and plasmon excitation angle 
change induced by various fluid solutions. 
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Figure 1. (a) Schematic overview of the silver grating geometry with a grating period of P = 800 nm,
a height of h = 50 nm, and a thickness of b = 100 nm. (b) The silver grating with PDMS microchannel
was mounted in the sample holder with laser beam alignment on the grating area. The experimental
setup indicating the incident and reflected waves is shown in (c).

3. Discussion

The plasmon excitation angles with and without a PDMS microchannel are depicted in
Figure 2 and show similar behavior, indicating its minimal impact on detection. The results
confirm PDMS as an appropriate solution-containment channel. The PBS solution shifted
the excitation angle of the plasmons, and the protein A solution caused a further shift. The
grating sensor with the PDMS microchannel had an average sensitivity of approximately
77.23◦/RIU, demonstrating the viability of PDMS as a microchannel and the grating coupler
for biomolecular solution identification.
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