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Zero-standby power sensors are crucial for enhancing the safety and widespread adoption of
hydrogen (H») technologies in chemical processes and sustainable energy applications, given
the flammability of H> at low concentrations. Here, we report an event-driven hydrogen
sensing system utilizing Palladium (Pd)-based micromechanical cantilever switches. The
detection mechanism relies on strain generation in the Pd layer, which undergoes reversible
volume expansion upon hydrogen adsorption. Our experimental and simulation results
demonstrate that the bistable micromechanical switch-based sensor generates a wake-up
signal with activation time depending on hydrogen concentration in the target environment
while always remaining active for events without any standby power consumption under
normal conditions. The H> adsorption-induced subsequent switching of the multi-cantilever-
based switch configuration on the sensor resulted in the quasi-quantification of hydrogen
concentrations. The reported zero-standby power sensor's operational lifetime is limited by
the frequency of detection events and exposure to concentrations exceeding hydrogen's
flammability limit. This work advances the development of high-density, maintenance-free
sensor networks for large-scale deployment with Internet of Things devices, enabling
unattended continuous monitoring of hydrogen generation, transportation, distribution, and

end-user applications.
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1. Introduction

The global community is making progress in combating climate change by prioritizing
greenhouse gas reduction, promoting renewable energy adoption, and strengthening
international cooperation.[!! Hydrogen (H>), a carrier of green energy, is one of the initiatives
to help this effort by offering a pathway to achieve the goal of net-zero greenhouse gas
emissions, as fossil fuels contribute 80-90% of global greenhouse gas emissions.?! H,, with
its high energy density!®! and clean combustion,* has found increasing applications in recent
years, including domestic heating, transportation,™ ¢ chemical,l”! biological,® and medical
fields.”” 1% However, its low-energy ignition, buoyancy, and rapid flame propagation in air

[5. 111 Therefore, to advance toward a net-zero emissions

raise significant safety concerns.
future by promoting hydrogen as a green energy source, researchers face the critical challenge
of developing systems for leak detection and concentration measurement. Moreover, these
systems must function independently with minimal maintenance, be employed in large
numbers across vast regions, including remote and hard-to-reach areas, particularly where

hydrogen leakage is rare.

Hydrogen sensors have evolved significantly over time, utilizing various materials and
detection mechanisms. The interaction between hydrogen and sensitive materials forms the
basis for these sensors, with commonly utilized sensing materials including palladium (Pd),!'%
B3I platinum (Pt),'!) various metal oxides such as ZnO,'¥) SnO,,['! TiO,,[1*T WO3,17 as well
as nanomaterials (e.g., reduced graphene oxide (rGO), carbon nanotubes (CNTs))!8-23) and
composite materials.**! Pd is particularly favored due to its high hydrogen absorption
properties. The underlying detection mechanisms that the above-mentioned sensing materials
use can be broadly categorized as catalytic, thermal conductivity, electrical/electrochemical,
mechanical, optical, or acoustic.® 12527l However, many of these detection mechanisms
require elevated temperatures and biasing conditions, which increase system complexity and
power consumption. This limitation makes them less suitable for widespread deployment,
especially in scenarios where the occurrence of the target event is rare.™) Although acoustic
H: sensors are compact and energy-efficient, they struggle with long-term stability and
selectivity. These issues can affect their reliability in continuous monitoring applications.?*:
281 In contrast, optical sensing techniques provide high specificity and rapid signal
transmission but are constrained by size, complexity, and the high costs associated with large-

(5,29

scale instrumentation.> 2} Consequently, although each sensor type exhibits unique merits

and limitations, they all suffer from high power consumption, regular maintenance, or
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deployment costs, which hampers their suitability for widespread, low-maintenance

applications.

Duty-cycled sensing technology can significantly solve the power consumption issues of the
existing H» sensors. However, in contrast to continuous scanning, where a sensor persistently
waits for a signal of interest to trigger an alert and consistently depletes batteries through
ongoing electronic operations, the duty-cycled sensors could miss target events during

20. 301 Therefore, the constant standby power

inactive periods and result in data fidelity issues.
consumption of battery-powered sensors, even with duty cycling, hinders the scalability of
sensor networks; specifically, in terms of the number of deployable sensors, as well as regular
maintenance due to the need for frequent battery replacements, along with the associated
hardware and labor costs.*!! An event-driven, always active, zero-standby power
consumption sensing technique has recently been proposed to power large-scale unattended

(32-34] In this approach, sensors harvest vibrations,*#! electron tunneling,**

sensor networks.
and electromagnetic radiation energy!®*® emitted from the target of interest and use it as a
specific signature to trigger a switch. The development of event-driven H» sensing
technology, in which sensors work passively without consuming any power until triggered by
a specific H exposure event, has the potential to revolutionize H> sensing technology as well
as boost the transition towards a H>-based economy. To the best of our knowledge, no prior
demonstrations can reliably monitor H» leakage without depleting batteries, underscoring the

necessity of a true zero-standby power H» sensing platform for the advancement of a net-zero

hydrogen future.

In this study, we present a novel Pd-based micromechanical bistable switch for hydrogen
detection. The switch, consisting of two physically separated electrodes, remains continuously
responsive to target signals without consuming power during standby conditions and operates
in an event-driven manner. Activation occurs only when the ambient hydrogen concentration
exceeds a defined threshold. Unlike conventional logic devices, which suffer from leakage
currents even in the off state, the bistable switch based on micro- and nanoelectromechanical
(MEM/NEM) relays exhibit extremely low leakage and steep subthreshold slopes by
leveraging their structure, resulting in a true zero standby power switching system.*’% The
reported switch-based sensor nodes can be deployed within a grid network, as conceptually
illustrated in Figure 1a. A base station communicates with the distributed sensor nodes using

radio frequency signals. It collects local atmospheric data and transmits alerts and relevant
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information when a target event is detected. The sensor node architecture with the switch as a
key element is illustrated in Figure 1b. The mechanical actuation triggers the switching
mechanism, which activates auxiliary electronics and the broader sensing system only upon
hydrogen detection. This design choice of a simplified switch rather than providing a
continuous quantitative measurement is motivated by the specific objective of leak detection.
Hydrogen leaks are infrequent, but each event requires immediate detection and response.
Therefore, a quasi-quantitative approach that confirms the presence of a leak is sufficient,
particularly in large-scale sensor deployment applications where minimizing cost is important.
In addition, a simplified switch-based design enhances system consistency and reliability. It
can also be integrated with existing miniaturized sensing systems that are commercially

[40. 41 Therefore, the platform presented in this work offers a deployable and scalable

available.
solution for H» gas sensing, with low operational and maintenance costs, making it well-suited

for large-scale, high-resolution sensing networks.

2. Design and Simulation

The designed H; actuated switches consist of anchored cantilevers with freely moving tips
and a bottom contact region, as illustrated in Figure 2a. Each cantilever serves as a hydrogen-
responsive moving electrode, while the bottom contact region works as a fixed electrode. The
structure is designed to ensure that the cantilever remains flat in normal conditions, allowing
the moving electrode to contact the fixed electrode in the target environment. A U-shaped
cantilever design was selected as it offers a balanced combination of sensitivity, structural
stiffness, electrical performance, and dynamic tunability.[*****! Copper (Cu), chromium (Cr),
ruthenium (Ru), and Pd are used for the cantilever design, with Pd as the top layer and Ru as
the tip. The Ru tip was selected for its advantageous material properties, such as low contact
resistance, minimal material transfer during cycling, resistance to carbon contamination, and
excellent mechanical and thermal stability under both hot and cold switching conditions.
These properties collectively enable reliable and repeatable contact performance over
extended operation.!*” The thickness of each layer is optimized using a see-saw method to
achieve a moderately flat cantilever with a slight upward curvature.'**) Upon H, adsorption,
the Pd layer expands while the underlying layers retain their original volume, bending the
cantilever downwards. This structural change of the microcantilever enables the activation of
the designed switching mechanism. The sensor system consists of four independent cantilever
switches of lengths 50, 75, 100, and 125 um connected in parallel during the measurement

steps, to facilitate the quasi-quantification process. Each cantilever is designed with a specific
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surface-to-volume ratio, and its length determines the separation distance between its movable

tip and the bottom fixed electrode.

Numerical simulation using COMSOL Multiphysics was performed to evaluate the switching
mechanism of the H>-actuated microcantilever. A 3D model with mirror operation was
employed to simplify the processes, as it allows for a more manageable computational load
while maintaining the system's essential features. Considering the mechanical boundary
condition, this model simulates the Cr/Cu/Cr/Pd tetra-layered microcantilever switch with a
Ru tip. A fixed constraint was applied to the anchor of the cantilever structure. To simulate
the effect of hydrogen absorption, the adsorption-based stress formation was used.*> 4! The
initial stress and strain values for the materials used in the cantilever are available in the
references.[*% 4% 41 The stress generated in Pd thin films during deposition is compressive and
varies with film thickness.!*8] With all these parameters, the curvature of the cantilever before
and after the hydrogen adsorption could be predicted. The detailed simulation results shown
in Figure 2c and Figure 2d illustrate the von Mises stress under normal environmental
conditions and the displacement of the cantilever at a 1% H> concentration following H»
absorption, respectively. These results reveal that the maximum von Mises stress is
distributed in the anchor area of the cantilever beam, while the maximum displacement occurs
at the free end. A detailed description of simulations is provided in the Supporting

Information.

3. Fabrication

The fabrication process of the hydrogen-actuated switches includes forming a fixed bottom
electrode with Pt and creating a Pd-based cantilever structure with a Ru tip. The device
described herein was fabricated at the University of Delaware Nanofabrication Facility,
utilizing five maskless microfabrication processes in conjunction with standard

nanofabrication techniques, including multiple depositions and dry etching.

A l-inchx1-inch thermal oxide substrate served as the basis for the device fabrication. Given
that the etchant employed for the release process of the microcantilever switch must be highly
selective regarding the structural materials of the device, i.e., Cu, Cr, Pd, Pt, and Si0,, gas or
plasma etchants are preferred over wet etchants, as they more effectively mitigate the risk of
stiction.[*®! Consequently, germanium (Ge) was selected as the sacrificial material to address

this requirement. Two distinct dry etching processes were developed to etch the Ge. The first
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process utilized sulfur hexafluoride (SFs) gas to dry etch the Ge film anisotropically,
achieving a steep side profile. This etching process was optimized to attain high selectivity
between the materials employed in the device and the Ge sacrificial layer, which was crucial
for the precise definition of the narrow gaps and structural features of the device. The second
dry etching process, based on fluorine based inductively coupled plasma (FICP), utilized
carbon tetrafluoride (CF4) gas for isotropic etching of the Ge sacrificial layer and was
optimized to ensure high selectivity towards the Ge material while exerting minimal to no

adverse effects on the properties of all the other cantilever materials.

The fabrication process eliminates the need for hydrofluoric acid (HF) etching,*®! and
supports a more environmentally sustainable approach. In addition, these dry etching
processes protect the cantilever materials by avoiding exposure to the HF-based wet etching
process. The Supporting Information (Figure S2) provides a detailed description of the
fabrication steps, along with corresponding illustrations. Figure 2b shows a scanning electron
microscopy (SEM) image of a fabricated hydrogen-actuated switch. The SEM image indicates
that the U-shaped cantilever beams are suspended and exhibit upward deflection, attributed to
the stress gradient within the Cr and Pd layers. The distance between the U-shaped movable
cantilever tip and the bottom fixed electrode was measured to be approximately 3.3, 7.1, 13.1,
and 19.8 pm for cantilever lengths of 50, 75, 100, and 125 um, respectively, with minimal
variation observed during repeated fabrication. Following the completion of the
microcantilever switch release process, the fabricated device was wedge-bonded to a chip

carrier for subsequent characterization.

4. Results and Discussion

The zero-standby power sensors were tested using H2/N> mixtures at hydrogen concentrations
of 1%, 2%, and 5% to evaluate the sensor's performance to varying concentrations, facilitating
a quasi-quantification of hydrogen concentration. A customized sensor test system was built
to characterize the devices as illustrated in Figure 3a. The system comprises a test chamber,
an electrical response measurement system, and a gas supply system. The test chamber, with a
volume of 180 cm?, is constructed from acrylic and features a polished fused quartz
spectroscopic window. This window enables continuous monitoring of microcantilever
displacement in the target environment using long-working-distance objectives in a probe
station. During the measurement process, a selected gas mixture was introduced into the test

chamber via a three-way valve. A flow regulator controlled the gas flow to maintain laminar
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flow conditions within the chamber. After each measurement, the chamber was purged with
pure N> gas to observe the sensor’s on-to-off transition process. The wedge-bonded device
was securely positioned inside the test chamber, connected to the electrical test equipment via
wires. Sensor measurements were conducted by applying a DC voltage of 10 mV using a
source meter with a current limit of 1 pA. The electrical outputs were continuously monitored
and recorded in real time using a Python script. The first meter measured the current flow
through the device, while the second meter recorded the voltage drop across it. Additionally,
the second meter can be triggered by the wake-up signal generated when current flows
through the first meter. All experiments were conducted at room temperature under laboratory

conditions.

The connection diagram to collect the electrical output for a single cantilever in the tested
device is shown in Figure 3b. In this configuration, the wake-up signal is generated when the
actuated cantilever contacts the bottom electrode, completing the circuit and allowing current
to flow from the moving electrode to the fixed electrode or vice versa. The resistance R; and
R> functioned as current-limiting components to prevent thermal damage to the bistable

cantilever-based switch.

The results of a sensor tested in a 1% H» environment balanced with N are presented in
Figures 4a and 4b. As anticipated, the device showed reversible transition from the off-state to
the on-state when the Pd layer absorbed H», causing the cantilever to bend downward and
complete the switching process. During this off-to-on transition, the current increased from a
near-zero value to approximately 400 nA, generating a wake-up signal capable of initiating
data acquisition and activating auxiliary electronics. Concurrently, the voltage dropped from
an open-circuit value of 10 mV to approximately 190 pV after establishing contact. The
actuation time for the off-to-on transition was measured to be 26 + 1 minutes under the 1%
hydrogen condition. When the hydrogen flow was discontinued and only N> was introduced
into the chamber, the palladium layer released the absorbed hydrogen. This desorption
allowed the cantilever to return to its original position, restoring the off state. The open-circuit
voltage returned to 10 mV, and no current flow was observed, confirming the reversibility and

stability of the bistable switching behavior under repeated operation.

To further assess the sensor’s performance under varying target environments, both the

current and corresponding voltage drop across the device were measured for H»
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concentrations of 1%, 2%, and 5% in N carrier gas using the same sensor. In each case, the
sensor system generated a wake-up signal following H> exposure. The actuation time is
defined as the duration between the initial exposure to H> and the generation of the wake-up
signal. For the 1% H> concentration, the actuation time was consistent with the results
mentioned in the earlier paragraph. At higher concentrations, the off-to-on switching occurred
more rapidly, requiring 15.5 = 0.5 minutes for 2% H: and 4 + 1 minutes for 5% H, as shown
in Figures 4c and 4d, respectively. The transition from on to off state was initiated by
discontinuing the hydrogen flow and introducing nitrogen into the chamber. In all tested
cases, the current dropped to zero within 3 &+ 0.5 minutes, indicating that the switch returned
to its off state. The presence of a physical gap between the device terminals is expected to
enable very high off-state resistance and a large on-to-off current ratio.*?) However, the
resolution of the multimeter used in the experimental setup prevented precise measurement of
the off-state current. Even when increasing the applied voltage from 10 mV to 1 V, the
measured standby current remained below 1 nA. This implies that the actual off-state current
is well below 10 pA, corresponding to a standby power consumption of less than 100 fW.
Optical microscopy observations confirmed that the switch required additional time to fully
return to its initial position after H> desorption. These results demonstrate that a completely
passive, zero-standby-power platform can be accomplished using the H»-actuated bistable
switch. The transition between two stable states reliably occurs after the sensor absorbs and
desorbs H> for a duration that depends on the concentration, thereby satisfying key

requirements for low-power hydrogen detection and monitoring systems.

To evaluate the quasi-quantification capability of the sensor system, we analyzed the voltage
drop across the multi-cantilever sensor configuration under varying H> environments. The
temporal voltage response for two such responses with 1% and 5% H> concentrations is
shown in Figures 5a and b, respectively. Following the generation of the wake-up signal, i.e.,
the first switching event, the measured voltage across the switches undergoes a transient
stabilization period of approximately 3 seconds. The measured voltage then stabilizes once a
firm contact is established between the electrodes. As H> continues to flow into the chamber,
additional independent switches in the multi-cantilever system engage sequentially, leading to
changes in the measured voltage across the device. This behavior arises because of the design
of all the initial upward bending independent cantilevers to traverse different distances to
engage the contact points. While the current remains nearly constant due to the presence of

high-value current-limiting series resistors, the voltage drops across the device exhibited a
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reduction of more than 50% from its initial value due to additional switching events caused by
the reduction of the total resistance of the multi-cantilever sensor system. For a 1% H>
concentration, the second switching event occurred 100.5 seconds after the first (Figure 5a),
while for a 5% H> concentration, it occurred after 12 seconds (Figure 5b). Additionally, a
third switching event was detected at the higher hydrogen concentration, further evident in the

5% H; in N> environment shown in Figure 5b.

We analyzed the relationship between consecutive switching events under varying hydrogen
concentrations to further investigate the quasi-quantification capability of the multi-cantilever
sensor system. The correlation between the first and second switching events for 1% and 2%
Ha> concentrations is presented in Figure 6a and b, respectively. In both cases, five devices
from the same fabrication batch were tested to minimize inconsistencies arising from
fabrication variability, and each device was exposed to H> multiple times. Repeated testing
revealed that the first switching time exhibited slight variations due to the inherent hysteresis
associated with the hydrogen adsorption and desorption process, as described by the phase
transition process provided in the Supporting Information. Linear regression analysis was
performed on the experimental data. For 1% H> concentration, the regression equations were
found to be t> = t: + 104.5 + 5.1, with a coefficient of determination (R?) of 0.75. For 2% H>
environment, the equation was t = t: + 84.1 &= 4.8 with R? value of 0.86. Both equations
suggest an uncertainty of approximately 5 seconds in the offset parameter, reflecting the
effect of noise and experimental variability. Additionally, the 95% prediction band
encompassed all data points, confirming that the output of sensors provides a statistically
reliable estimate of the second switching time after the first. This suggests a consistent
temporal relationship between switching events, with deviations captured by the offset
parameter. This correlation is significant because the system does not record the absolute time
of the first switching event following hydrogen leakage. Instead, the timing mechanism
begins only after the generation of the initial wake-up signal. Therefore, the device estimates
hydrogen concentration based on the time interval between independent switching events.
This behavior enables a practical zero-standby power hydrogen detection and quasi-

quantification system, where energy consumption occurs only during active sensing events.

One critical aspect of the presented device architecture is using Pd as the sensing layer.
Although Pd and its alloys remain among the most widely used materials for hydrogen

detection due to their high catalytic activity and exceptional hydrogen solubility, Pd exhibits
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intrinsic hysteresis during the a to B phase transition, as described in the Supporting
Information.['? 31-321 This behavior poses a limitation to long-term sensor stability. Our
experiment indicates that the cantilever-based sensor undergoes plastic deformation when
subjected to higher hydrogen concentrations in 5% H> in balanced N». This deformation arises
from phase transition-induced stress and leads to performance degradation after three or four
operational cycles under 5% H> concentration, ultimately compromising the device's ability to
generate a reliable wake-up signal and subsequent switching for the quasi-quantification

process.

Material-oriented approaches, such as alloying palladium with other elements or forming
palladium compounds, can lower the activation energy for hydrogen absorption, reduce or
eliminate phase hysteresis, and achieve faster response with higher sensitivity."> > Replacing
the palladium layer with such engineered materials is therefore a promising route to improve
both durability and overall sensing and actuation performance of the device.!'% 5]
Furthermore, reported results, as also supported by our simulation results in Figure S1,
reducing the electrode separation within the switch structure can accelerate actuation by
minimizing the required cantilever displacement.!>®! Addressing these material and structural
challenges through targeted alloy selection and geometric refinement will be crucial for

advancing this technology toward practical, reliable, and fully passive hydrogen sensing

applications.

Compared to the presented sensor, most commercially available H sensors exhibit power
consumption ranging from 2 mW to 4 W, making them impractical for large-scale,
maintenance-free IoT deployments.!!!! Recent advancements in Pd-based resistive, capacitive,
and optical hydrogen sensing have focused on enhancing sensitivity and response time and

[26,27, 57

have achieved rapid responses and parts-per-million level sensitivity. I However, they

typically consume power in the microwatt to milliwatt range for continuous monitoring.['!> 1
47.56.38, 591 Moreover, many of these sensing platforms rely on external readout circuits or
optical components that add to the overall energy demand and hinder their integration into a
compact sensor network.!1% 3% 38! In contrast, the demonstrated bistable switch-based sensor
achieves passive actuation and operates without standby power, offering a scalable and

energy-efficient solution for H» leak detection with minimal maintenance needs.
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5. Conclusion

We have demonstrated a zero-standby power, bistable switch-based sensor system that
combines hydrogen detection and quasi-quantification within a single passive MEMS,
leveraging palladium’s unique hydrogen absorption properties. The sensor exhibited a
reversible off-to-on transition in response to varying hydrogen concentrations, with activation
times dependent on Hy levels. The device successfully generated a wake-up signal of ~400
nA, triggering an external system for data collection and alarm purposes. Switching actuation
times were recorded as 26 + 1 minutes for 1% Ha, 15.5 + 0.5 minutes for 2% H», and 4 £+ 1
minutes for 5% Hp after the initial wake-up signal, providing quasi-quantification. The
system’s off-to-on state transition, facilitated by a physical gap between terminals, ensures
minimal to no power consumption when inactive. It plays a critical role in developing
miniaturized smart sensor microsystems, enabling passive monitoring to support the transition
toward a hydrogen-based economy. Its fully passive operation, reliable switching behavior,
and scalable design make it well-suited for real-world applications in energy, safety, and
environmental monitoring with an extended operational lifetime. The system is ideal for
unattended deployments that require long-term monitoring of infrequent yet time-sensitive
hydrogen leaking events. The system concept may be adapted for detecting other volatile
chemical compounds by incorporating alternative sensing materials, instead of Pd used here,
that undergo lattice expansion or shrinkage in response to specific target environments. Future
work will focus on enhancing response times, improving sensitivity at lower hydrogen
concentrations, and minimizing hysteresis at high hydrogen concentrations, towards devices

in practical applications.
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Figure 1: (a) The conceptual illustration of a zero-standby power sensor network intended for
both outdoor and indoor environments where sustainable, wide-area coverage with minimal
upkeep is needed. In this system, sensor nodes communicate with a central base station using
RF signals. The base station includes RF communication modules, control units, and data
analysis components. It collects data from the sensor nodes, incorporates local atmospheric
measurements, and issues alarms and leakage notifications when a leak is detected. (b) The
overall sensor node architecture. Pd-based microcantilever serves as the fundamental sensing
unit within each sensor node. When exposed to Ha, the Pd layer on the microcantilever
absorbs the gas and undergoes volumetric expansion. This expansion induces mechanical
deformation in the microcantilever, causing it to bend downward and close the gap between
the moving and stationary electrodes. Upon H> desorption, the Pd layer contracts, allowing
the cantilever to revert to its initial position. This mechanical action connects the battery to
the auxiliary electronics and sensors, e.g., temperature, humidity, and wind sensors, and thus

triggers the alert system.
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Figure 2: (a) Schematic of the Pd-based microcantilever switch. (b) SEM image of a
fabricated Pd-based microcantilever switch. Finite Element Method (FEM) analysis of a
75um long U-shaped cantilever switch: (¢) von Mises stress distribution in an air
environment, (d) vertical displacement of the cantilever at 1.0% H> in balanced N>
environment. Residual stress causes the microcantilever to bend upward after fabrication, and

it bends downward upon hydrogen adsorption.
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Figure 3: Schematic diagram of the experimental configuration. (a) The in-house gas test
system. A regulator is used to select one of the specific concentrations of target gases, which
are supplied to the test chamber through a flow regulator. (b) Circuit diagram of a single
microcantilever in the sensor system. The system input voltage is applied between the moving
and bottom electrodes. When the cantilever switch bends downward and closes the gap,
current flows through the moving electrode to the fixed bottom electrode. Ri and R» are the

current limiting resistances to protect the cantilever from high current.
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Figure 4: Temporal response of current (a, c¢) and voltage (b, d) for an event-driven sensor
system composed of parallelly connected 50 um, 75 um, 100 pm, and 125 pum long
cantilevers exposed to H> gas pulses. Panels (a) and (b) show the system’s response to a pulse
train at 1% H> concentration, while panels (c¢) and (d) present responses at 1%, 2%, and 5%
H: in a balanced N> environment. The green dashed line marks the introduction of H: into the
chamber, and the red dashed line indicates the termination of H> flow, followed by N>
purging. The resulting current pulse train shows the sensor system’s capability to generate

wake-up signals.
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Temporal voltage drops response of the zero-standby power event-driven hydrogen

sensor system under (a) 1% H> and (b) 5% H> concentrations. The sensor system comprises

independent microcantilever-based switches, each with a distinct gap between the movable

electrode and bottom electrode. This variation affects the closing time of the switches,

depending on the hydrogen concentration in the target environment. The voltage drop across

these parallel-connected switches provides a means to quantify the hydrogen concentration

present.
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Figure 6: Correlation between the first and second switching events in the designed zero-
standby power sensor system at (a) 1% and (b) 2% H> concentration in balanced nitrogen. The
results indicate that the average time for the second switching event is 104.5 + 5.1 s for 1% H»

and 84.1 + 4.8 s for 2% H> after the occurrence of the first switching event.
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