Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Growth of Pd decorated SiCN nanoballs for
hydrogen gas sensing applications in extreme
environment

Narendra Singh
Munshi Singh College Motihari, B. R. Ambedkar Bihar University Muzaffarpur

Hans Kumar Singh
T.P.S College, Patliputra, University

Mamta Rawat
B. R. Ambedkar Bihar University Muzaffarpur

Mukesh Kumar
SB&AS, Shree Guru Gobind Singh Tricentenary University

Vinay Kumar
COBS&H, CCS Haryana Agricultural University

Arvind Kumar

arvindkumar@rkclnmu,ac, in

R.K. College, Lalit Narayan Mithila University

Research Article

Keywords: Hydrogen, Sensor, Nanoballs, Silicon Carbide Nitride, Porous silicon
Posted Date: May 18th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-9525978/v1

License: €© ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.

Version of Record: A version of this preprint was published at Applied Physics A on August 5th, 2026.
See the published version at https://doi.org/10.1007/s00339-026-10039-w.

Page 1/20


https://doi.org/10.21203/rs.3.rs-9525978/v1
https://doi.org/10.21203/rs.3.rs-9525978/v1
https://doi.org/10.21203/rs.3.rs-9525978/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00339-026-10039-w

Abstract

In this work, the H, gas sensing characteristics can be improved significantly by enhancing the effective
exposure surface area and the surface reactivity of silicon carbide nitride (SiCN) nanoball sensor. The
porous silicon (P-Si) substrates were synthesized by the electrochemical anodization method at room
temperature (RT). Here, we have fabricated SiCN nanoballs (NBs) sensor on porous Si substrates via RF
magnetron sputtering. The as prepared SiCN nanoballs were uniformly decorated with dispersed Pd
nanoparticles on the sensor surface, resulting in a remarkable improvement of the surface reactivity. The
H, gas sensing performance along with the sensing mechanism of the developed Pd/SiCN NBs sensor
were discussed in detail under low detection level (2-200 ppm) at high working temperature regime (40-
450 °C). In addition, the main measurements such as selectivity, stability, and cyclability were performed
for better device applications. Therefore, porous silicon (P-Si) substrates uncover a new scientific
approach for fabrication of high performance H, sensor in punitive environment.

1. Introduction

In recent years, widespread researches have been devoted to study numerous innovative methods that
how to connect alternative prime energy sources causing negligible pollution and global warming in the
wake of ultimate reduction of fossil fuels. H, has become an encouraging clean energy source under
consideration to replace traditional fossil fuel due to its abundance, easy synthesis and eco-friendly
nature [1-4]. However, when concentration of H, surpasses beyond 4% by volume, then at the same time
it becomes an explosive in air. Since, hydrogen is odorless, tasteless, and colorless so it is very difficult
to identified by human senses [5, 6]. In addition, H, gas causes corrosion of steel and other metals by

penetrating inside these metals at elevated temperatures, which deteriorates these metals internally [7].
Nowadays, hydrogen sensors are in quite demand as essential component of numerous industries such
as petroleum, chemical, and rubber industries which require storage tank and refining process. Moreover,
hydrogen is very beneficial in food processing, rocket propulsion, semiconductor industries, internal
combustion engine, fuel cell and nuclear reactors. Hence, systematic monitoring of H, gas molecules is
essential requirement for safety of human being in futuristic and existing industries.

In last few years, several nano scale materials with their desired structures have been studied as H, gas
sensor. Among various nanostructures, few of them are capable to do their work suitably in harsh
environmental conditions. Among several gas sensors, chemiresistive based gas sensors are the most
promising sensing devices that depend on change in electrical resistance with impressive diffusion and
adsorption of analyzing gas during sensing [8—10]. Basically, these gas sensors are most advantageous
due to their unique characteristics of low cost, eco-friendly, high sensitivity, and highly stable for a long-
term [11-13]. The proposed sensing element is very useful for high temperature applications in space
science and technology [14, 15]. In addition, SiCN can sustain harsh conditions such as high temperature
radiation. It has excellent mechanical strength, durability, high corrosion and wear resistance. Usually
wide band gap semiconductors such as SiC and GaN etc. are considered to withstanding high
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temperature and corrosive environment [16—19]. In most of previous studies, silicon carbide (SiC) has
fascinated the greater interest as a capable H, gas sensor due to its feasibility to operate at high
temperature [20-23].

To further improve the performance of SiC-based H, gas sensor at higher operating temperatures, a
strategic wide band gap material as compared to SiC is required to be employed [24]. It can be seen that
the silicon nitride (SigN,) has band gap of 5 eV and other properties are also slightly collaborated with
SiC [24]. Silicon carbide exhibits the band gap value from 2.4 to 3.2 eV. However, band gap of SiCN thin
films can be varies from 2.4 to 5 eV (it may depict the presence of both Si;N, and SiC phases) [24]. Thus,
it is expected that SiCN thin films exhibit broader band gap than SiC thin film. It may reveal the enhanced
H, gas sensing properties at higher operating temperatures in harsh environmental conditions.
Moreover, from the viewpoint of sensing properties, porous nanostructures are promising candidate
materials due to their unique properties such as large specific surface area available for analyte gas
molecules [25-28].

In this paper, for the first time SiCN thin films have been fabricated on electrochemically etched porous
Si substrate by radio-frequency (RF) reactive magnetron sputtering by using a 5 cm diameter and 5 mm
thick SiC target at RT. Herein, N, gas was used as a reactive gas and mixed with argon using mass flow
controller (MFC). The prepared SiCN thin films as sensing layer were catalytically activated by depositing
an ultra-thin (~ 5 nm) layer of Pd using DC sputtering method. Detailed microstructure, surface
morphology along with H, gas sensing features of these films were studied under low detection limit (2-
200 ppm) at elevated temperature (400 °C). In, this work, the outcomes are recognized as the developed
SiCN thin film may be a promising electrode material to detect lower level (ppm) of hydrogen gas in
harsh environmental conditions.

2. Experimental section

2.1 Materials and chemicals used

In, this work, highly pure (99.9%) gas cylinders of Nitrogen (N,), Argon (Ar), hydrogen (H,) and dry air
were also procured from Sigma gases, India. Highly pure (99.99%) silicon carbide (SiC) sputtering target
of 5 cm diameter and 5 mm thick was obtained from ACI Alloys Inc. USA. Chemicals such as isopropyl
alcohol, acetone, ethanol (C,H50H), hydrofluoric acid (HF) and nitric acid (HNO3) were purchased from
Merck, India. The Ry was measured in H,, CO and H,S gases balanced with dry air. All the gases were
purchased from Sigma gases and services, New Delhi, India. For making electronic connections the
silver (Ag) paste was also procured from SPI supplies USA. Single crystalline, (100) oriented, p-type Si
substrates with an electrical resistivity 0.04-0.06 Q-cm and thickness of 0.5 mm were purchased from
Excel instruments, India.

2.2 Fabrication of sensor element
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Firstly, highly doped p-type silicon wafers with orientation of (100) were cut into 1x1 cm? and rinsed
properly in acetone and isopropyl alcohol by ultra-sonication for 15 minutes. Thereafter, these ultra-
sonicated silicon wafers were cleaned in de-ionized (DI) water and dried carefully under argon flow.
Pores on the cleaned silicon substrates were produced using custom designed electrochemical
anodization setup (Fig. 1). In Fig. 1, (-ve) means platinum electrode which acts as a cathode and (+ ve)
means copper plate that acts as an anode during anodization process. Characteristic properties of as-
grown silicon pores are function of process parameters and solution used. Porous silicon (PSi) is
synthesized by a controlled chemical reaction at the surface of silicon in aqueous ethanol (C,H5;0H) and
hydrogen fluoride (HF) solution. In this electrochemical etching process, H ions and molecules played a
significant role as an intermediate products in the presence of electric field. It is observed that holes are
the requisites to initiate the dissolution of Si to form H,SiFg which is soluble in ethanol. Thereafter, the
anodic current drives the primary dissolution reaction and dissolution of a silicon atom leads to the
generation of 2 hydrogen atoms and 2 electrons [29]. The general anodic reactions occurring during the
formation of pores are shown below:

Si + 6HF — H,SiFg + 2H" + H, + 2e~ (1)
H,SiFs — SiFe + 2H* (2)

Before starting the etching process, silicon substrate was gently tailored over the copper plate which
acts as anode. A solution of hydrofluoric acid (HF) and ethanol solution in a 1:5 volumetric ratio is
poured in the anodization chamber made up of teflon (Fig. 1). Moreover, a platinum (Pt) mesh as a
cathode was also used in the solution to act as a counter electrode (Fig. 1). Thereafter, apply a current
density of 40 mA/cm? using a direct current power supply constantly, for a time of 60 minutes at
atmospheric temperature (optimized parameters). After completing this reaction, the as prepared porous
substrates were carried out from the anodization chamber and cleaned in de-ionized (DI) water.

In this work, the SiCN thin films were synthesized on porous Si substrates by RF sputtering technique at
RT. In sputtering, nitrogen gas was used as a reactive gas and argon gas was used to initiate the plasma
inside the sputtering chamber. The rotary and turbo molecular pump (TMP) were used to achieve the
high quality vacuum inside the sputtering chamber. Prior to deposition, the base pressure of 1x107° Torr
was achieved inside the chamber. During deposition, the target and substrate distance of 5 cm was fixed
inside the chamber. During sputtering process, the deposition pressure of 1x10™2 Torr (10 mTorr) was
kept constant in Ar (50%) and N, (50%) gas ambient using mass flow controller. The thickness of the
SiCN thin film was controlled with deposition time. Here, SiCN thin film was obtained at RF power of 150
W for 1.5 hr at room temperature. Finally, the SiCN/PSi sensing structure was decorated by Pd layer of
thickness ~5 nm using dc sputtering for 5 s. Thereafter, for electrical characterization, the top silver
conducting electrodes of 0.5 mm diameter were deposited via metal shadow mask using DC magnetron
sputtering technique. Ag dots over the prepared thin film samples were synthesized at sputtering power
and pressure of 30 W and 5 mT respectively for time period of 2 minutes using Ag target.
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2.3 Characterization

To find the crystal structure, X-ray diffraction (XRD) patterns of SiCN thin film samples were performed
by X-ray diffractometer with Cu K-a1 radiation of wavelength A = 1.5406 A in (6 -26 ) geometry (Co: Bruker
AXS, D8 advance). Surface morphology and cross-sectional view analysis of all the synthesized thin film
samples were examined at room temperature using field emission scanning electron microscopy (FE-
SEM). The chemical state and elemental composition analysis of the as prepared thin film samples were
studied using various spectroscopy techniques present in our laboratory such as Energy Dispersive
Spectroscopy (EDS, attached with FE-SEM), and Raman spectroscopy. For electrical measurements, the
silver paste was used to make the suitable electrical contacts over the SiCN thin film samples. A custom
made sensing system having a volume of 300 cm?. It consists a PID controlled electric heater for
monitoring the live temperature of the chamber. A mass flow controller (MFC) is also attached with the
sensing system for monitoring the desired ratio of inserted gases during sensing measurements.

Figure 2 depicts the sketch of sensing setup used to measure the several gas sensing properties under
different operating conditions. All the in situ sensing measurements were observed using two-probe
resistivity method. In addition, the detailed analysis of output sensing characteristics was completed by
origin software.

3. Result and discussion

3.1 Structural properties of sensing element

Figure 3a shows the XRD curve of Pd/SiCN thin film sample prepared on the porous silicon substrate.
The XRD peak corresponds to the (311) plane was found at ~ 56.67 °. It confirms the cubic phase of
silicon (JCPDS ICDD No. 00-001-0791). It can be seen that no XRD peak was found corresponds to SiCN,
illustrating the amorphous nature of SiCN thin film.

Figure 3b depicts the transmission mode FTIR spectra of as-deposited SiCN thin films. FTIR spectra
exhibit four absorption bands at ~ 434, 780, 960, and 1230 cm™ " respectively. The weak intensity bands
found at ~434 and ~975 cm™ ! resembles to asymmetric and symmetric stretching vibration of Si-N
bond [30, 31]. The wide absorption band positioned at ~780 cm™ ' is related to stretching vibration of Si-

C bond [32]. The last weak band situated around ~1240 cm™ ! was related to C-N bond [33]. Thus, the

presence of Si-C, C-N and Si-N absorption bands endorse the evolution of SiCN phase. Raman spectrum

as represented in Fig. 3c shows four characteristic peaks centered at ~454, 796, 1080, and 1543 cm™!

respectively. The sharp peak at ~454 cm™ " corresponds to Si-Si bond of amorphous silicon [34]. Second
broad band centered at ~796 cm™ ' is assigned to transverse optical phonon mode of Si-C bond [35].

T are associated to Si-N bond and

The last two weak bands located at ~1080 cm™'and ~1543 cm”
graphitic C-C bonds respectively [32, 34]. Hence above structural characterization authenticate that the

active thin film layer is made up of SiCN and is available for hydrogen sensing measurements.
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Figure 4a shows the top surface morphology of Porous-Si substrate observed by FE-SEM. It clearly
revealed that pores of about 2 pym in diameter were synthesized homogeneously on the top surface of p-
Si (100) wafers using electrochemical etching technique. Figure 4 (b-c) depicts the FE-SEM surface
micrograph of as-prepared Pd/SiCN nanonanoballs (NBs) sensing layer at different magnifications. It is
observed that the average diameter of SiCN nano-balls is ~ 900 nm. In addition, the inset of Fig. 4c
shows that the silicon pores were filled with Pd decorated SiCN using RF sputtering method at room
temperature. It can be seen that the width of top layer of active sensing material (Pd/SiCN) above the
pores is around ~ 1.2 um. Moreover, the depth of the prepared silicon pores was found to be ~ 6 um.
Figure 4d shows the elemental analysis of the active Pd/SiCN sensing layer. It depicts the energy (keV)
on the x-axis and intensity on y-axis respectively. It can be seen that, the atomic % of Pd, Si, C, N and O
elements in the as prepared thin film sample was found to be 2.10, 35.48, 31.87, 23.22 and 7.33
respectively. Here, ‘O’ element might be observed due to formation of thin (~ 10 nm) insulating layer of
SiO, on the porous silicon substrate.

3.2 Sensing performance

In resistive based gas sensors, the observed change in electrical resistance (either increasing or
decreasing) will predominantly be depends on the nature (oxidizing or reducing) of interacting gas
molecules and the type (n-type or p-type) of semiconducting sensing layer [36]. The reducing nature of
the target gas molecules behaves like donors, and hence reduces the resistance value of the n-type
sensing materials and reverse is true for sensing layer of p-type. On the other hand, oxidizing nature of
the target gas molecules behaves like acceptor, resulting to rise in electrical resistance of n-type sensing
layer, and reverse is true for p-type sensing layer. Herein, after inserting the H, into the testing chamber,
the resistance starts to decline which reveals the n-type behavior of the synthesized Pd/SiCN NBs
sensor. Thus, for reducing gas molecules the sensor response value in percentage (%) can be estimated
as per the given Eq. 3.

Ra—Rg1

=100 (3)

Sensor Response (%) =
In Eq. 3, R, and Ry represent the observed resistance values in atmosphere of dry air and target gas
respectively. As it is already documented that the slight change in resistance or sensor response is
because of the corresponding interaction of target gas molecules over the testing sensor surface [37].
During the sensing measurements, the response time is elapsed time taken by the signal to accomplish
90% of its maximum stable level and the recovery time is the time required to attain the 90% change of
the maximum constant signal in dry synthetic air.

Figure 5a shows the change in the value of sensor response of the proposed Pd/SiCN sensor to 50 ppm
hydrogen mixed in dry synthetic air versus operating temperature within the range of 40—-450°C. These
results indicate that the response is continuously enhancing through the entire temperature regime (40—
450°C). It is because of fast chemical reaction energy between the target gas and top surface atoms can
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be observed at high working temperatures. Moreover, the elevated operating temperature can stimulate
the contact reaction between target gas molecules and the oxygen species, resulting to noticeably
improve the sensing response [38]. As depicted in Fig. 5b, the change in response was investigated at
400°C towards different concentrations (2-200 ppm) of hydrogen gas in the dry synthetic air. It can be
observed that the detection limit (5 ppm) of hydrogen is quite considerable at high operating
temperature (400°C). In addition, these results indicate that the enhancement in response with rising the
concentration of target gas is significant thoroughly. This remarkable response behavior can be
documented to the porous nature of substrate material and large active surface area of as deposited
Pd/SiCN nanoballs sensor element [29, 39]. Initially, after exposure to analyte gas molecules mixed in dry
air get adsorbed over the sensor surface. Thereafter, gas molecules will chemically react with surface
atoms and start to desorbed when the exposure of analyte gas molecules is stopped. In this process, the
proposed nanostructured materials may provide a usual path for the fast allocation of chemically
activated sites and transferred mobile charge carriers. The resistive behavior of proposed Pd/SiCN NBs
sensor element can be explored using current-voltage (I-V) measurements performed in the presence
and absence of hydrogen (50 ppm) at an operating temperature of 400 °C (Fig. 5c). Here, we have found
that the sensor exhibits a rectifying behavior so that the electrical conductivity enhances. It might be due
to enhancing the number of charge carriers (i.e. electrons) after

introducing the analyte gas molecules in dry air [40].

Figure 5d, depicts the response versus time curve to 50 ppm hydrogen gas at an optimum temperature
of 400°C. It shows that the proposed sensor can exhibits fast response and recovery times of 22
seconds and 34 seconds respectively. It indicates that the large active surface area of Pd/SiCN
nanoballs sensor may provide the presence of an enormous number of reaction sites on the top surface
of active layer which can contribute for fast detection rate of H, gas molecules [41].

For the proposed sensor element, the characteristics curves of response and recovery time were also
examined at different hydrogen concentrations from 2 ppm to 200 ppm (Fig. 6a). These result shows
that the response time is falling and recovery time is improving with continuously rising the exposure
limit of H, gas. It is recognized to the diffusion limited kinetics which may occur at relatively low
concentrations of analyte gas molecules [42]. It can be seen due to dissimilar reaction rate at different
concentration of target gas at the top surface of sensing layer. At high concentrations, the analyte gas
molecules may react fast and the adsorption rate of the interacting gas molecules increases. So that the
response time starts to decline with continuously increasing the concentration of hydrogen gas at ppm
level. On that other hand, the recovery time of the sensing element continuously increase with the
exposure to high concentration of hydrogen gas molecules. It may be documented that during
desorption, at high concentrations the desorption rate of gas molecules become slow which can take
more time to desorb and caused to enhance the recovery time continuously. Figure 6b displays the
selectivity test towards several health hazardous gases like H,, H,S and CO at 50 ppm level at 400°C. It

exhibits the enhanced sensor response (~60.2%) to H, gas with a feeble response value (< 15%) towards

the other gases, indicating the Pd/SiCN NBs sensor element as very selective to 50 ppm H, gas at
Page 7/20



400°C. Figure 6¢ shows the stability characteristic of the sensor towards 50 ppm hydrogen at 400°C.
These result reveals that the sensor indicate almost constant (~ 6% change from initial) response signal
for 80 days, illustrating the improbable stability of the Pd/SiCN NBs sensor element at 400°C. After 80
days, the small decline (~ 6%) in response can be accredited to the multiple heating of sensing element
for long time operating at 400°C [39]. Here, the wide band gap and good thermal conductivity of SiCN
may cause to synthesize the stable sensing element which can work even at high temperatures.

Figure 6d depicts the repeatability characteristics of the proposed sensor to 50 ppm H, in dry synthetic
air at 400°C. It clearly exhibits that nearly constant (~ 5% change) sensor signal was recorded up to 10th
cycles. This small change in response may be attributed to consistent heating of sensing element during
the sensor testing at 400°C [29]. In this work, we have recommended the use of porous Si substrates as
base material for the synthesis of active sensing layer to manipulate the growth and structure of SiCN
which causes to enhance its available surface area for the interaction of target gas molecules [36, 41].
Therefore, the results indicate that porous Si substrates (as a template) can offer the long term
reproducible as well as stabile curves towards 50 ppm level of hydrogen at 400°C. Thus, the proposed
sensing structure may include the new practice to fabricate a sensor device which is capable to detect
trace amount (few ppm) of H, in extreme environmental conditions.

3.4 Sensing mechanism

In general, the gas sensing mechanism of chemiresistive based gas sensors may be examined using
well known surface depletion layer model [44]. During sensing measurements, for resistive gas sensors,
the change in resistance takes place due to adsorption and desorption process of incoming gas
molecules over top of sensor surface [44]. C.N.R. Rao et al. reported that during gas sensing tests, the
various nitrogen vacancies presented in the sensing layer can act as the sorption sites for target gas
molecules [45]. It is also reported that the oxygen can be significantly adsorbed at the right positions of
nitrogen vacancies [46]. Thus, in this case the adsorption of oxygen at the site of nitrogen vacancies of
SiCN thin film element may play a decisive role in varying its electrical resistance upon exposure to
hydrogen gas molecules. Graphic interpretation of the H, sensing mechanism of SiCN NBs sensor is

illustrated in Fig. 7.

In addition, the sensing mechanism of SiCN electrode material towards hydrogen gas involves two basic
steps: Firstly, the as prepared sensing electrode is inserted inside the testing chamber and it is exposed
to dry air to achieve the stable base line resistance. In this process, the oxygen molecules present in air
can be adsorbed on top surface of sensing layer. These adsorbed oxygen molecules under
chemisorption process capture the electrons from the conduction band of working electron, resulting to
form various oxygen species (O and 02*) at different working temperatures [47]. So that the carrier
concentration of the sensing layer SiCN decreases which causes to formed a depletion layer at the
sensor surface, as a result the initial resistance (R,) of the working electrode enhances. These reactions
can be represented as follows:

O2(gas) — 2O(ads) (4)
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O ads) T € (grom sicny = O (5)

In second step, when Pd/SiCN active sensing layer is exposed to hydrogen gas using mass flow
controller, then at the interacting surface a thin layer of Pd may offers the lower reaction energy to
hydrogen gas molecules. Therefore, at the interface, the catalytic reaction of Pd instantly dissociate the
hydrogen gas molecules into H atoms which is called spill over effect [47]. As a result, we observed a
fast and stable response towards H, which causes to decline the response and recovery time [40].

Thereafter, these H atoms react with the chemisorbed oxygen species (O~ and 02_), resulting to form
the hydroxyl OH groups at the surface [43]. These OH  groups can react again with other H atoms
present inside the testing chamber to form H,0 molecules. In this process, the free electrons are
liberated back to the CB of SiCN layer. As a result, after dissociation of H, gas molecules, the resistance
(Ry) offered by the surface of the sensing layer starts to decline which causes to improve the sensing
performance {Eq. (4)-(6)}. In this step, the whole said processes can be demonstrated with the help of
following reactions occur on the sensor surface as given below:

H2(gas) — 2H(ads) (6)
H(ads) +0 — OH (7)
OH (ads) + H(ads) — Hy O + e(_to SiCN) (8)

Here, during exposure to the hydrogen gas molecules, the resistance changes with the time continuously
and the corresponding sensor signal is noted. Due to long term exposure, hydrogen gas molecules get
accumulated at the interface. As a result, the reaction rate between hydrogen gas molecules and sensor
surface reduces continuously and hence the sensor signal becomes almost stable. Thereafter, we stop
the flow of target gas and during the recovery process, a charge accumulation layer decreases, resulting
to recover the original resistance of the sensor device in the absence of hydrogen gas molecules [41].

4. Conclusion

In this work, authors prepared porous silicon (P-Si) substrates using electrochemical anodization
process. These P-Si substrates were used as a template to achieved the high surface area of active
sensing element. Highly dense Pd decorated SiCN nanoballs were in situ synthesized on P-Si wafers
under optimized conditions via radio frequency (RF) sputtering technique. The sensor performance of
the proposed high surface area Pd/SiCN nanoballs based sensing element was found to be improved
significantly. This work exhibited sensor response of 60.2% with fast response/recovery times of (22
s/34 s) towards 50 ppm H, at working temperature of 400°C. Moreover, the excellent stability (for 80
days) and reproducibility (over 10th cycles) were also observed to 50 ppm of hydrogen in dry air.
Therefore, the porous silicon template used as a modified silicon substrate, that may offer a new
understanding to propose and design a sensor device with its remarkable capabilities to detect hydrogen
gas in extreme environment.
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Figure 1

Schematic for the preparation of porous silicon (PS) substrates using electrochemical anodization
method.
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Figure 2

Schematic diagram of the sensing measurement setup.
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Figure 3

(a) Room temperature XRD curve, (b) FTIR spectra (c) Raman spectra of SiCN sensing electrode
material.
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Spectrum 1

Figure 4

(a) FE-SEM surface micrograph of the porous silicon (PS) substrate, (b)-(c) FE-SEM surface morphology
of Pd-capped SiCN sensing layer at low and high magnification respectively, inset of (c) is the cross-
sectional FESEM image and (d) EDS analysis of the Pd/SiCN thin film sample.
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Figure 5

(a) Gas response curve vs. operating temperature for 50 ppm hydrogen gas, (b) variation of response
with hydrogen gas concentration (2-200 ppm) at 400 °C, (c) current-voltage (I-V) characteristics curve of
Pd/SiCN nanoball sensor at 400 °C, (d) gas response versus time curve for 50 ppm hydrogen gas at
operating temperature of 400 °C.
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(a) Response and recovery time curve vs. hydrogen gas concentration (2-200 ppm) at 400 °C for
Pd/SiCN nanoball sensor, (b) cross selectivity test of Pd-capped SiCN nanoballs sensor at 50 ppm level
at high operating temperature of 400 °C, (c) response time behavior of the proposed device for 80 days,
indicating long term stability of the sensor at 400 °C, (d) the cyclability measurements of Pd/SiCN

nanoballs sensor up to 10" cycles at 400 °C.
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Schematic illustration of hydrogen gas sensing mechanism of Pd decorated SiCN nanoballs
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