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will also depend on the outlet shape (initially
round) and gas type. From an acoustic point of 
view, the goal is to determine the flow rate for 
different outlet sizes and shapes based on sound
radiation in characteristic frequency ranges (cf. 
experiments on pneumatic cylinders, [8]).

Regarding gas sensors, it is expected that com-
plementary information can be gathered when
gas is released due to the sensitivity of MOS
sensors to a wide range of gases, e.g. hydrogen, 
methane, and VOC [9, 10] allowing more robust 
leak detection in industrial environments. In-
creased selectivity, i.e. based on multisensor ar-
rays or dynamic operation, will provide further in-
formation on leak type and allow separation of
various sources.

Design of Experiment
Experimental data, which will be presented in an 
upcoming journal, will include tests in indoor sce-
narios, i.e. with limited ambient influence, with
sensors installed at different distances from the 
source. This experiment is intended to show how 
sensor signals change with distance. Further ex-
periments will be conducted outdoors with differ-
ent environmental conditions. This will allow op-
timization of the sensor set-up, i.e. directional in-
formation of microphones vs. undirected, optimal
selection and operating mode of gas sensors for 
different sources as well as determination of the
detection limit by combining microphones and 
gas sensors in different environments and at 

different distances. Further experiments will in-
clude acoustic and gas interferences as well as
more complex sensor nodes, i.e. by implement-
ing an anemometer for measuring wind speed
and direction. This will also be tested under con-
trolled conditions in indoor environments with
fans to set defined wind directions and speeds.

The expected outcome are design recommenda-
tions for multimodal sensor nodes including the
required signal processing for robust leak detec-
tion for various leak sources.
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Summary:
The study emphasises the advantages of using electrochemical porosification to fabricate SiC-based 
MEMS devices, specifically focusing on improving pore nucleation control while preserving surface 
integrity. The results indicate that surface roughness plays a crucial role in pore nucleation, 
demonstrating the potential for improved MEMS device performance through carefully controlled
substrate and etching conditions.
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Background, Motivation and Objective
Micro-electro-mechanical systems (MEMS) 
based resonators are pivotal in advancing 
technologies across various applications, such 
as precision timing devices, filters in 
communication systems, and sensors for 
automotive and aerospace industries [1, 2].
Silicon carbide (SiC), renowned for its 
exceptional material properties, including high 
thermal conductivity, mechanical robustness, 
and chemical stability, stands out as an ideal 
candidate for fabricating resonating MEMS 
devices, mainly when high quality factors are 
critical [3]. Despite the advantages of SiC, 
significant challenges remain in the cost-
effective production of high-quality MEMS 
devices using this material. The integration of the 
cubic polytype 3C-SiC on silicon substrates has 
been vastly investigated. Still, SiC technology 
faces challenges such as significant differences 
in the coefficient of thermal expansion (CTE) of 
8 % at room temperature and a lattice mismatch
of about 20 %, leading to inherent stress and 
defects in the devices. These limitations hinder 
exploiting SiC's beneficial properties in MEMS 
applications [4]. As the cost of 4H-SiC wafers is 
anticipated to decrease in the foreseeable future,
there is a growing interest in shifting focus 
towards manufacturing techniques that 
capitalise on 4H-SiC bulk wafers for MEMS 
device fabrication. One promising technology is 
photoelectrochemical etching [5], which 
facilitates the fast formation of porous 4H-SiC 
with tailored degrees of porosity. This technique 
enables the subsequent growth of a
polycrystalline or even epitaxial 4H-SiC layer,
potentially overcoming previous material 
integration challenges and paving the way for 
more cost-effective and high-performance SiC-
based MEMS devices. With this technique, in 

combination with a thermal annealing step, 
mechanical structures such as membranes have 
already been reported [6]. During PEC etching of 
SiC and other semiconductors like silicon, a so-
called cap layer is commonly observed in the 
initial few tens of nanometers of etching. This 
cap layer contributes to an irregular and difficult-
to-control pore formation front, which has 
historically led researchers to develop nucleation 
layers to facilitate more controlled porosification. 
However, forming a nucleation layer with specific 
surface roughness can impede the deposition of 
subsequent epitaxial layers. The compromised 
surface quality induces certain defects during the 
growth of the epitaxial layer, negatively 
impacting both the layer quality and, hence, the 
quality factor of MEMS devices constructed from 
it [7].

Description of the New Method or System
The focus of this study is to provide deeper 
insights into the pore nucleation during the 
electrochemical etching of SiC to enable better 
control over porosification while maintaining a 
high degree of surface integrity for later epitaxial 
growth. This understanding is crucial to enhance 
the fabrication quality of MEMS devices, 
ensuring high performance and reliability.

4-inch wafers of n-type 4H-SiC with a 4 ° off-axis
and a bulk resistivity of 0.02 Ω·cm were cut in
2.5 × 2.5 cm2. The surface roughness of the C-
face and the Si-face before EC etching is < 2 nm
and < 0.1 nm, respectively. Electrochemical
etching was performed in a tabletop etching cell
from AMMT, shown in Fig. 1 a). The samples are
placed between two etching cell compartments,
acting as a separation wall between the two
electrodes. When a bias is applied, SiC is
oxidised at the cell's anode and dissolved by
hydrofluoric acid (HF), etching pores on the face
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adjacent to the electrode with the negative 
potential. A solution consisting of 5.52 mol/L HF 
and 1.7 mol/L ethanol was used. The 
corresponding etching profile is shown in Fig 1 
b). Due to the relatively high conductivity of the 
used sample, no additional UV light illumination 
was required. Plasma etching from 10 s up to 
30 s was conducted on porosified samples
stepwise to expose the pore formation during the 
first 150 nm using 25 sccm O2, 5 sccm SF6 and 
a plasma power of 300 W in a parallel plate 
plasma etcher from STS.

Fig. 1 a) Picture of the tabletop etching cell from 
AMMT, and b) Illustration of the applied voltage
profile during electrochemical etching.

Fig 2 Results from plasma etching of a.-d.). the C-face 
etched sample and e.-h.) the Si-face etched sample. 
Etching rates of 300 nm/min and 225 nm/min were
observed for the C- and the Si-face, respectively.

Results
Fig 2 shows the top-view SEM images for the C-
face (a-d) and the Si-face (e-h). On the C-face 
etched samples, as shown in a.), extensive pore 
nucleation occurred, which can be explained by
the minimal but sufficient surface roughness of 
< 2 nm. It can be seen that pore nucleation 
predominantly takes place along the nanometer-

deep polishing scratches. No significant change 
in the porous structure was observed when the 
top surface was etched for 10-30s, as seen in Fig 
2 (b-d). It is worth noticing that side branching 
was observed after 20 s of plasma etching.
Furthermore, a significant increase in pore 
density from 250 pores/µm2 (0 s) to 
400 pores/µm2 (30 s) took place. However, only 
scattered but larger pores were observed on the 
atomically flat Si-face with surface roughness 
values below 0.1 nm (Fig 2 e). After plasma 
etching of 20 s, a significant change in pore 
propagation was observed. Lichtenberg figures 
could be observed (see Fig 2 g and h).

Fig 3 Cross-sectional SEM images of the samples 
etched from a.) the C-face and b.) the Si-face.
In Fig 3 cross-section SEM images of porosified 
samples for a) the C-face and b) the Si-face are 
shown. Continuous and cylindrical pores could 
be observed for the C-face, which are typical of 
C-faced etched samples. For the Si-face etched
sample shown in b.), the impact of pore
nucleation and the corresponding Lichtenberg
figure are visible and cause a chaotic
porosification profile. These findings indicate
that even low energetic plasma surface
treatment can facilitate pore nucleation on SiC.
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