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Kurzfassung

Diese Arbeit prasentiert die Entwicklung eines plasmonischen On-Chip Sensors, der als hochsensitiver Brechungsin-
dexsensor fiir biosensorische Anwendungen konzipiert wurde. Der Sensor integriert ein plasmonisches Titannitrid (TiN)
Nanolochgitter (NHA) mit einem Germanium (Ge) Photodetektor. Die optische Transmission durch das NHA wird iiber-
wiegend durch plasmonische Anregungen bestimmt und zeigt eine aullergewohnliche optische Transmission (EOT).
Diese Resonanzen reagieren duferst empfindlich auf Anderungen des Brechungsindexes der umgebenden Medien.

Abstract

This work presents the development of a plasmonic on-chip sensor as a highly sensitive refractive index sensor for bio-
sensing applications. The device integrates a plasmonic titanium nitride (TiN) nanohole array (NHA) with a germanium
(Ge) photodetector. The optical transmission through the NHA is predominantly determined by plasmonic excitations
and exhibits extraordinary optical transmission (EOT). These resonances are highly sensitive to variations in the refractive
index of the surrounding medium.

has applications in refractive index sensing, however, com-
mercialized sensors based on plasmonic excitations rely on
bulky equipment such as microscopes or spectrometers for
readout. Here, with the aim of miniaturizing this approach,
we present an on-chip solution consisting of a plasmonic
nanohole array as sensing element, whose optical proper-
ties change when exposed to dielectrics with different re-
fractive indices, in combination with a Ge-photodetector

1 Introduction

There is a growing need for miniaturized on-chip optical
sensors, which can be utilized, e.g., for biosensing in di-
verse fields such as agriculture, environmental diagnostics
and healthcare. Here, we present recent results on a plas-
monic sensor concept for applications in refractive index
sensing. Our device is fabricated on a 200 mm Si platform,

enabling both cost-effective realization and a high degree
of reproducibility. We report on experimental sensor char-
acterization and sensing performance, compare to simula-
tion and discuss possible further applications of our de-
vices.

2 Refractive Index Sensor

Optical properties of plasmonic resonances such as propa-
gating surface plasmon polaritons at the interface between
a metal and a dielectric or localized surface plasmon reso-
nances in metallic nanoparticles sensitively depend on the
refractive index of the surrounding dielectric medium. This
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that serves as a transducer [1] and converts the optical sig-
nal directly into a photocurrent. A schematic drawing of
the device is presented in Figure 1.
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Figure 1 Schematic drawing of the concept of a plasmonic
on-chip refractive index sensor consisting of a plasmonic
TiN NHA and da Ge photodetector.

Compared to the realization of a proof-of-concept device
[1], transitioning the device concept to large-scale produc-
tion necessitates modifications for compatibility with
CMOS manufacturing processes, introducing additional
constraints in material choices, fabrication and design
[2,3]. Our sensor can be fabricated using standard indus-
trial complementary metal-oxide-semiconductor (CMOS)
fabrication processes [2,3], enabling cost-efficient, high-
yield production. In our devices, TiN as a CMOS-compat-
ible metal is used for the fabrication instead of the more
widely used Au and Ag.

2.1 Results and Discussion

Surface plasmon polaritons (SPPs) can be excited by illu-
mination of the NHA, which enables momentum matching
between the incident photons and the SPPs through the re-
ciprocal lattice vectors of the periodic structure. This leads
to EOT, which occurs as asymmetric resonance peaks
known as Fano-resonances [3-5]. These resonances are
highly sensitive to changes of the refractive index in the
proximity of the NHA (Fig. 2).
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Figure 2 Responsivity spectrum of on-chip refractive in-
dex sensor immerged in ethanol (red) and 2-Propanol
(blue).
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In our experimental setup, shifts of the resonance dip are
induced by altering the refractive index of the surrounding
medium, notably, by immersing the sensor in ethanol (red)
and 2-propanol (blue). The measured results (solid lines)
compared to the simulated results (dashed lines) indicate a
very high qualitative agreement and demonstrate the oper-
ability of the sensor concept. The difference between sim-
ulation and experiment results from the illumination con-
ditions, which allow scattered light to enter the photodetec-
tor without passing through the nanohole array. The sensi-
tivity to bulk refractive index changes, defined as the shift
in resonance wavelength divided by the change in refrac-
tive index (RI), was measured to be ~900 nm/RIU in our
sensors. This is confirmed by FDTD simulations.

3 Conclusion

Our results indicate that integrating NHAs with Ge photo-
detectors is an interesting approach for on-chip RI sensing.
The integration of the NHA into a Ge-photodetector ena-
bles the use of the generated photocurrent as the output sig-
nal of the device. As a result of comparatively large damp-
ing in TiN, resonances in our NHAs are broad. Various
strategies exist and are being implemented by us to im-
prove the resonance shape while leaving the sensitivity un-
affected. These comprise geometry changes (generation of
quasi-BICs by changing the shape of the nanoholes) and
material changes (deposition of a thin layer of Au in a post-
CMOS deposition step). Furthermore, the presence of op-
tical resonances in the responsivity spectra of our devices
also have potential applications in on-chip spectrometers.
Our work, thus, represents an important step in the devel-
opment of cost-efficient on-chip sensors on the silicon plat-
form.
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