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Abstract

In this work, a junctionless(JL) gate all around (GAA) silicon nanowire field-effect transistor sensor for the detection of
hydrogen (H,) has been carried out. The sensors are designed to specify hydrogen gas (H,) existence. Unsafe conditions can
result if hydrogen escapes and accumulates in an enclosed space throughout the purifying process; this is why we try to inves-
tigate technologically ultra-small-scale hydrogen gas sensor devices. The sensor also showed satisfactory characteristics for
ensuring safety when handling hydrogen and remarkable selectivity for monitoring H, among other gases, such as LPG, NH;,
and CO. The temperature and palladium (Pd) gate work function variations in the translation processes are well-thought-out
throughout a change in palladium (Pd) gate work function following exposure to the hydrogen gas molecule (H,). Due to its
sensitivity to H, gas, palladium (Pd) is employed as a gate electrode in H, gas detection. Shift in threshold voltage (V,,), Ion
and Ioff as a result of the metal work function at the gate changing when gas is present; these changes can be regarded as
sensitivity parameters for sensing hydrogen gas molecules. ATLAS-3D device simulator has been conducted at low drain bias
voltage (0.05V). This study focuses on temperature variation (300K to 500K) and palladium (Pd) metal gate work function
variations (5.20eV to 5.40eV) to examine the existence of hydrogen molecule(H,) and its effect on the performance of junc-

tionless SINW-GAA field-effect transistor gas sensors. When the sensitivity <S,0FF ), of proposed JL-GAA-SiNWFETis com-
pared with GAA-MOSFET and bulk MOSFET, JL-GAA-SiNWFET shows improved sensitivity. The results show that as
150mV Pd work function shifts at the gate, the sensitivity improvement with JL-GAA-SiNWFET-based hydrogen gas sensors
are 51.65% and 124.51% compared with GAA-MOSFET and MOSFET, respectively. High dielectric oxide (HfO,) and inter-
face oxide (SiO,) is also employed at the gate to overcome electron tunneling. The study of this work proves that a silicon
nanowire field-effect transistor with a junctionless gate all around catalytic palladium (Pd) metal gate is the best candidate for
sensing hydrogen gas molecules than a bulk metal oxide semiconductor field-effect transistor (MOSFET).

Keywords Hydrogen gas-sensor - Junctionless(JL) - Silicon nanowire FET - Gate-all-around (GAA)

1 Introduction

Hydrogen is recognized as one of the most significant
clean energy carriers and the ultimate fossil fuel candi-
date and renewable energy source [1] because of its high
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heat of combustion, low minimum ignition energy, and
high combustion velocity. Due to its robust reducing char-
acteristics, hydrogen is also employed in metal smelting,
petroleum extraction, semiconductor processing, glass-
making, and the daily chemical industry, among other
things [2]. It is owing to the growing demand for gas
sensing sensors for seismic monitoring applications, envi-
ronmental monitoring, medical and automotive industries,
in addition to domestic usages, such as detecting pollut-
ants, fueling stations, petroleum refineries, and detect-
ing certain types of bacterial infection, which are con-
tinuously at high perilous of gas leakage[1-6]. Designing
a hydrogen gas sensor based on a GAA-JL-SiNWFET
device is an exciting option for gas sensors. It offers low
power consumption, high sensitivity, low cost, portability,
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technology compatibility, on-chip integration, small size,
and CMOS compatibility [7, 8]. Humans cannot smell
hydrogen gas since it is colorless and tasteless [9, 10]. It
is easily flammable and explosive due to its low explosion
energy and extensive flammable range. As a result, an
effective and reliable hydrogen sensing device is required
for hydrogen manufacturing and consumption, monitoring
and managing hydrogen concentrations in nuclear reac-
tors and coal mines, and detecting and alarming H, leak-
age during storage, transportation, production and usage
[1, 3, 6, 7]. As a result, such sensors seem to be among
the most straightforward, inexpensive, and efficient tools
for real-time measurement or gas leak detection [10]. Due
to various reasons, different types of SINWFET-based
hydrogen gas detecting devices have been designed in
recent years to identify gas molecules by analyzing the
induced change in work function at the surface of an
attractive film [6, 9]. Numerous types of gas detectors
are available, but FET-based gas detectors have received
much attention [11]. Device engineering is being used in
this area of research and development, including mode-
ling and evaluating the field-effect device to improve sen-
sitivity [5]. Floating gate MOSFETs [12], SOl MOSFETs,
dual-gate MOSFETs [13], and now nanowire MOSFETSs
[14] have all been considered in device engineering. A
high surface area to volume ratio is necessary to boost
sensitivity by raising the potential for surface interactions
[8]. Gas sensors in this device depend on the interac-
tion of a thin Pd layer with hydrogen gas [9, 15, 16]. A
junctionless nanowire transistor is a gated resistor with
the same doping type on the source, channel, and drain
without junctions [17]. For example, leakages are always
a hazard at gas stations and refineries, and early recogni-
tion is thoughtful to minimize dangers and accidents[1,
2]. A silicon nanowire Field Effect Transistor (SINWFET
sensors are an enticing proposition for gas sensing [9] due
to technology compatibility) [18] for on-chip integration,
portability, low power consumption, and the ability to
detect both weakly bound strongly bonded and chemical
bonding species at room temperature [19, 20]. The detect-
ing mechanism is the interfacial adsorption of disassoci-
ated hydrogen molecules into the palladium gate results
in the formation of a dipole layer, which alters the gate's
work function and causes a significant shift in threshold
voltage (AV,,) [3, 9, 19]. For example, different catalytic
gate metals have been utilized to realize the hydrogen gas
sensor, such as Palladium [15, 21], Platinum[1], [7], and
poly-methylmethacrylate-platinum[8]. Semiconductors
such as silicon nanowires (SiINWs) and thin films have
been utilized as sensing materials for the development
of high hydrogen gas sensors in recent years [1] [9] due
to their huge specific surface area and unique electron
transportation characteristics.
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Numerous nanoelectronics devices with multiple gate
materials, for instance, floating gate MOSFETsS [20], Pal-
ladium (Pd) gate MOSFETs [22], and Tunnel-FET (TFET)
[23], etc., have been designed to boost the sensitivity of
SiNWFET based sensors [16]. The planer MOSFET is the
most ideal among them because of its production ease,
although it has a number of drawbacks in the ultra-small
scall dimension, such as short channel effects (SCEs),
Subthreshold Swing [24-26]. Under ambient condi-
tions, a junctionless catalytic metal gate-all-around sili-
con nanowire FET [27-31] device is best for overcoming
these issues and providing better performance in terms of
sensitivity and response time. Because of a more active
surface interaction of hydrogen gas molecules with pal-
ladium [19], nanostructure palladium gate materials have
a high attraction for hydrogen gas and provide superior
sensing capability [22, 32] than bulk palladium materials.
Due to these and other physical significance, we employed
Nanowire palladium materials as gate electrodes for our
proposed device.

In this work, high-k materials for gate oxide, like haf-
nium oxide(HfO,) and interface oxide (SiO,), were chosen
to develop new and high-performance electrical devices at
the nanoscale that has relied heavily on gate dielectric mate-
rials [33-35]. Since hafnium oxide(HfO,) provides the most
excellent and powerful dielectric materials, enhancing the
sensing performance compared to other simulated dielec-
tric materials [33, 36] in controlling tunneling/leakage cur-
rent. The significance of utilizing Pd metal gate as a catalyst
to improve SiNW thin film H,-sensing performance is the
straightforward synthesis, which allows for precise control of
the thicknesses of SINW and Pd metal gate to produce detec-
tors with the maximum possible sensitivity [37]. Because
palladium electrode selectively absorbs hydrogen gas and
produces palladium hydride, as it is employed in various
industries [22].

Therefore, we have designed a p-type substrate junction-
less gate-all-around SINWFET-based sensor to investigate
hydrogen gas using Atlas-3D-TCAD device simulator tool.

1.1 Device structure

The designed structure for our proposed device is illus-
trated in Fig. 1) here, L (20nm) is the length of dielectric
material (HfO,), channel, (Si0O,) is an interface oxide
layer and T T,, and T; are the thickness of the metal
Gate, hafnium oxide, and interface (Si0O,) oxides, respec-
tively, and 2R is channel diameter (silicon film thick-
ness), as shown in Table 1. The device gate length is
20nm for all simulations, and source and drain lengths
are each 10nm, as shown in Table 1. To achieve a tol-
erable threshold voltage, a high doping concentration
(1x10"cm™3) was applied uniformly through the channel
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Fig. 1 illustrates (a) 3D representation diagram and (b) 2D cross-sectional view for p-type substrate cylindrical JL-GAA-SiNWFET-based

hydrogen sensor

Table 1 Technology parameters

Device Parameters GAA-JL-SiINWFET

Channel length (nm) 20.00

Thickness of oxide HfO, & SiO, respectively,  1.50 & 0.30
(nm)

Interface Oxide (SiO,) thickness, (nm) 1.00

Oxide ( SiO,) length, (nm) 20.00

Source and Drain length/thickness (nm) 10.00

Hafnium Oxide (HfO,) length, (nm) 20.00

Radius of silicon film (nm) 10.00

Drain, Source & Channel Doping (Np+) 10%cm™3

Oxide dielectric constant, HfO, & SiO, 25.00 & 3.90

Reference gate work function (Palladium), (eV) 5.20

from the source to drain for our designed p-type sub-
strate devices. The supply gate-source voltage (0.6V)
with a consistent drain-source voltage (0.05V) have been
employed for all simulations.

1.2 Simulation methodology

Silvaco TCAD-ATLAS tool is used for all simulations
in this work. Concentration-dependent mobility, drift-
diffusion, and field-dependent mobility models are acti-
vated to incorporate electron mobility models [38]. To
account for the recombination of majority and minority
charge carriers, the Shockley-Read-Hall (SRH) recombi-
nation model is also activated [39]. The drift-diffusion
model also accounts for the driving current caused by
the charge carrier following. Due to heavy source and
drain doping, Fermi Dirac Statistics have been introduced.

The Boltzmann transport statistics and concentration,
voltage, and temperature(CVT) [39] Lombardi mobility
model [16] have accounted for parallel and perpendicular
field mobility [39]. Palladium(Pd) has a high affinity for
hydrogen, making it an excellent material for detecting
hydrogen storage (reversibly introduced) [10, 40, 41];
when interacting with the palladium surface, Van der
Waals forces interact between hydrogen gas molecules
and palladium atoms [22].

Figure 1 demonstrates (a) the three-dimensional struc-
tures and (b) the two-dimensional cross-sectional view
of the p-type palladium metal gate Junctionless (JL)
GAA SiNWFET-based hydrogen gas sensor. The GAA
SiNWEFET structure includes a 40 nm long p-type doped
channel and applied 1x10' cm™ doping concentration
from the source to drain through the channel uniformly.
Palladium metals were applied as the gate material
because hydrogen molecules at the palladium surface
breakdown when H, gas is exposed to a palladium metal
gate, which causes dissociated molecules to diffuse into
the gate [10, 22].

In this study, we have considered the catalytic metal
gate method to describe the behavior of JL-GAA-SiN-
WEFET based hydrogen gas sensor. The Pd work function
must be a critical factor in altering the electrical field
properties of the device as it changes [40]. The H, gas
molecules break down at the metal surface of the metal
gate (Pd) after exposure to the gas [40], and the disassoci-
ated molecules subsequently diffuse within the metal gate,
as shown in Fig. 2b. Consequently, some hydrogen atoms
diffuse through the gate metal, eventually producing the
dipole at and within the interface by changing the metal-
work function. As a result, we have examined the Ion/Iggy
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ratio, drain-off sensitivity (Sy,g), and the proposed device's
performance shift in threshold voltage.

1.3 Analytical modeling

Using boundary conditions, surface potential in the radial
direction is obtained;

¢s(z) = A + Be ™ + @ 1)
Here k is described by
2¢e
k= |——— @
exRon(1+ 12 )
And @ is given by
D=V, P qNSl/SSl o 3
D As a function of z, the surface potential is given by:
$(r=0,2) =

$.(z) “)
II) At'the center of silicon substrate's electric field is zero
and expressed as:

ap(r,2)
or

=0 &)
r=0

At the boundary of silicon oxide, the electric field is com-
puted as follows:

oP(r, 2) _ C;OX (Vgs — V- ¢>(r = %Z)) (6)

ar i i
r=- si

Oxide capacitance per unit area (C,,) is obtained;

€ox

(R/2)1n<1 + %) @)

Cox =
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Here, tg; is silicon thickness, R is silicon (channel) radius,
&g,1s permittivity of silicon, and &)y is oxide layer permittivity.
The variation in the catalytic metal work function at the metal
surface by the reactivity of gas molecules is denoted by AD,,
and the flat-band voltage is V. and Vy, is described by [5, 9];

Vi = by — b5 £ AD,, (8)

where ¢g; represents for a silicon work function and is
obtained by;

Eg
o5 = 7+x+q¢fp )

The value of A®,is expressed using Eq. (10):

RT

Apy = cont.(Qm) - (4F

)lnP (10)

Where T is for absolute temperature, P is for partial
hydrogen gas pressure, R is for hydrogen gas constant, and
F is for Faraday's constant. A and B are coefficients obtained
using source and drain boundary conditions and determined
using the formula;

(Vo) (=) +V,
- 2sinh(kL)

an

_ (V) (e 1) =V
h 2sinh(kL)

12)

As illustrated below, the quasi-fermi-potential changes
along the channel direction are used to calculate the drain
current from the source to the drain.

P(r,2) = X (Ve = Vi — ¢5) (P = R*)  (13)

0.
2egR

As seen below, the subthreshold current is determined
using a 2-D potential relation.
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2 Threshold Voltage (V,;,) Modeling

For a p-channel MOSFET device, threshold voltage(Vy,) in
an enhancement mode can be obtained [43] using Eq. (15).

where V; is the threshold voltage, 2¢F is the surface
potential, Vgp is the source-to-body substrate bias, V
is the zero substrate bias threshold voltage, and (y) is a
constant body effect parameter given by;

v = (tox/€0x) V24€5iNa (16)

Here, t., is oxide thickness, €, is the relative permit-
tivity of oxide, N, is the doping concentration, q is the
charge of an electron, and &g;is the relative permittivity of
silicon semiconductors.
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Temperature affects the threshold voltage of a CMOS
device, in addition to how oxide thickness affects threshold
voltage as shown in Eq. (2);

N
or= ql <nA> 4

1

Where n; is the silicon intrinsic doping Parameter, k is
Boltzmann's constant, ¢ is the contact potential, and T is
Temperature[12].

-E
n; = 5.2x10"x T3/2xexp<2K]g,> (18)

Here E, is the bandgap energy of the silicon channel
material. For GAA-JL-SiNWFET, the equation for the
threshold voltage depending upon the device's radius is
given by Eq. (19) [44].

2eg;

—2KT1nR L+ 155\ ox
q R

8KTeg;
V,, = Ap + gln( - S’)
q qn;
19
Here R is the device's radius, and the work function dif-
ference is Aq.

Summary of fabrication flowchart for the proposed

device[24] Fig. 3.

& S @

iﬂ‘

K‘ewﬁ-J
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# Buried Silicon Oxide
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Fig.3 Describes the fabrication process flowchart and schematic view for the JL-GAA-SiNWFET fabrication process, adapted [24]
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3 Results and Discussion

3.1 Change in drain current

In this work, a change in drain current can also be consid-
ered a critical characteristic for identifying hydrogen gas
molecules. The change in drain current for a p-type gate-
all-around junctionless SINWFET sensor with a palladium
metal gate work function and temperature variation is
depicted in Fig. 4. The work function of the catalytic metal
gate is controlled by the chemical reaction of hydrogen
gas molecules on its surface [22]. In this case, the device's
hydrogen gas sensitivity is expressed as a change in the
threshold voltage and drain current [20]. For instance, shift-
ing in drain current for the proposed device when the work
function changes from 5.20eV to 5.40eV is 1.08x1071°A
and when the temperature varies from 300K to 500K is
1.0x1078A, as illustrated in Fig. 4a and b, respectively. In
both cases, OFF-current changes rapidly in puny inver-
sion region and is inversely proportional to hydrogen gas

Fig.5 impact of (a) palladium 0.05

concentration due to the impact of metalwork function and
temperature variation. As a result, the subthreshold zone
provides substantially higher sensitivity while operating
at low power, resulting in a low-cost hydrogen gas sensor
device. This enhanced sensitivity in the subthreshold region
is attributable to different band bending in the nonappear-
ance of Fermi level restraining caused by a shift in palladium
metal gate work function following hydrogen gas molecule
surface reactivity [9]. We conclude that the proposed device
will be desirable for detecting hydrogen gas molecule leaks
that could have severe impacts, like an explosion, and the
device's sensitivity is obtained Eq. (20).

a) Change in surface potential

Figure 5a shows the change in surface potential
induced by a shift in the palladium metal work function
(5.20 and 5.40 eV). The work function of the catalytic
metal gate is altered by the reactivity of hydrogen gas
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Fig. 6 influence of (a) pal- 11
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molecules at the gate surface, resulting in further band
bending and a change in flat-band voltage, as indicated
by Eq. (8) [3, 9].

Figure 5a shows that adjusting the work function
impacts the surface potential of p-channel junctionless
GAA-SiNWFETs with palladium (Pd) metal gates. The
work function of the catalytic metal gate is altered by the
reactivity of hydrogen gas molecules at the gate surface,
resulting in considerable band bending and a shift in flat-
band voltage [3, 5], which causes electrical outputs. Such
as drain current, surface potential, and threshold voltage
(V) shift when the flat-band voltage varies [45]. Using
a palladium catalytic metal gate, it is feasible to sense
the existence of hydrogen gas molecules by measuring
the shifting of Iogg, switching ratio, and Vy, as clearly
described in Fig. 6. Variation of temperature also impacts
surface potential, as depicted in Fig. 5b) and significantly
represents the proposed device sensing capability.

b) Change in electron mobility

The electron mobility throughout the channel was
also extracted, as shown in Fig. 6. The change in elec-
tron concentration due to the shift in palladium metal
work function (5.20 and 5.40 eV) is examined in
Fig. 6a). The work function of the catalytic metal gate
is altered by the reactivity of hydrogen gas molecules
at the gate surface, leading to different band bending
and a shift in flat-band voltage [3, 9], causing mobility
of electrons across the channel. As seen in Fig. 6), the
shift in electron concentration in the channel region is
substantially more significant than in the source and
drain regions. Because the electric field in the chan-
nel is affected by electron concentration and the flow
of charges in the channel [24]. Figure 6b) shows the
impact of temperature on electron concertation for the
proposed device.

Fig. 7 effect of (a) palladium
(Pd) work function and (b)
Temperature variation on hole
concentration (1/cm?) for p-type
substrate cylindrical JL-GAA-
SiNWFET
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Fig.8 effect of (a) palladium (Pd) metal gate work and (b) Temperature on Iggg-current ratio for p-type substrate cylindrical JL-GAA-SiNWFET

¢) Change in hole mobility

The hole mobility throughout the channel was also
extracted, as shown in Fig. 7. The change in hole concen-
tration due to the shift in palladium metal work function
(5.20 and 5.40 eV) is examined in Fig. 7a). The reactivity of
hydrogen gas molecules at the catalytic metal gate surface
alters the gate metal's work function, resulting in further
band bending and a change in flat-band voltage [3, 9]. As
shown in Fig. 7), the channel's hole concentration difference
is considerably less than in the source and drain regions.
Because the electric field in the channel is affected by hole
concentration, the flow of charges in the channel is also
influenced, resulting in drain current and, eventually, device
sensitivity. The effect of temperature on hole concentration
is depicted in Fig. 7b), and device performance should be
significant at room temperature. We examine that the pro-
posed technology has shown to be promising for hydrogen
gas detection applications.

d) Shifting in drain current and threshold voltage

The impact of palladium (Pd) work function and tempera-
ture variations on device sensitivity are investigated to assess
device performance and stability shown in Fig. 8. Figure 8a
reflects the sensitivity of gate all around junctionless SiN-
WEFETs: as a palladium metal work function in terms of I g
ratio and shift in threshold voltage (AV,,). It can be shown
that gate all around junctionless SINWFETSs has better sen-
sitivity at higher palladium (Pd) metalwork functions [41].
Since the flat-band voltage changes as the palladium gate's
metal work function rise due to higher band bending. Due
to variations in the palladium metal gate work function, a
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change in flat-band voltage induces a shift in drain current,
threshold voltage(Vth), and [9]. It is thus feasible to iden-
tify the existence of hydrogen gas molecules by monitoring
changes in Iy, AVy,, and Iggg.

Consequently, some hydrogen atoms diffuse through the
gate metal, eventually producing the dipole at and within
the interface by changing the metalworking function. In this
regard, we have examined the Iy/Iggp ratio, drain-off sen-
sitivity (Sy.g), and shift in threshold voltage of the proposed
devices extracting those output results during the simulation,
and factors can be regarded as sensitivity variables. We have
also shown electron and hole mobility and potential surface
distribution along the channel, and carrier transport mecha-
nism has been obtained through NEGF model simulations
to obtain the drain current, surface potential, electron and
hole mobility and subsequently threshold voltage concerning
variation Pd work function and temperature.

When the work function is increased, sensitivity changes
exponentially, as seen in Fig. 8a), and it may be estimated
using Eq. (20).

1 OFF (aftergasreaction) ~— 1 OFF (beforegasreaction)

(20)

lorr
I OFF (beforegasreaction)

Another essential parameter employed in detecting gas
molecules is shifting threshold voltage (AV;,) and defined as
the difference between the threshold voltage with and with-
out hydrogen gas adsorption is defined as (AV,,) is depicted
in Fig. 8) as a function of palladium metal gate work func-
tion and temperature. Higher (AV) and §;  (shown in
Fig. 8) reflects higher palladium metal gate and tempera-
ture values, indicating that JL-SINWFET is well suited for
hydrogen gas sensing. As the palladium metal work function
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and temperature increase, a shift in threshold voltage (Vth)
arise, resulting in increased hydrogen gas molecule concen-
tration, as seen in Fig. 8), which can be calculated using
Eq. 21).

AV, =1V, Vin 21

(aftergasreaction) — (beforegasreaction)

The impact of palladium (Pd) work function and tem-
perature variations on device switching ratio using dif-
ferent Pd work functions and temperatures to assess
device performance and stability as illustrated in Fig. 9.
Figure 9a reflects the impact of varying palladium metal

work functions on the switching ratio for junctionless gate
all around SiNWFETs device. Our proposed device has a
lower switching ratio at higher palladium(Pd) metalwork
functions. Sensitivity in the switching ratio is lowered as
temperature rises (as illustrated in Fig. 9b); sensitivity
in terms of Igpp ratio increases as temperature increases
(Fig. 9b).

Figure 10 effect of palladium (Pd) work function variation
on (a) switching ratio and (b) leakage current reflects the
impact of changing the work function on the switching ratio
and leakage current characteristics on our suggested device.
Figure 10) illustrates the analytical model validation with
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the simulation results, which is validated more by the close
proximity of our proposed devices.

Figure 11) illustrates the influence of changing the work
function on the threshold voltage and shifting threshold
voltage characteristics on our suggested device. Figure 11)
clearly demonstrates that the analytical model is validated
more by the proximity of our proposed device's analytical
and simulated results.

Table 2 Examines sensitivity comparison of bulk MOS-
FET, GAA MOSFET, and JL-GAA-SiNWFET device con-
cerning Off-state current for hydrogen gas sensor after and
before gas reaction generated by gas molecules when the
threshold voltage of all devices was adjusted at the same

Table 2 Pd gate sensitivity comparison shows the p-type substrate of

iomy —lor

Lorra

SI orr

LorFmeforesasreaction)

Previously designed device [5] Proposed device

Shifting in Pd  Bulk-MOSFET GAA MOSFET JL-GAA-SiN-
work func-  t;=20nm tg;=20nm WEFET
tion R=10nm tg;=10nm
R=5nm
AD,=50mV  5.08 5.96 6.17
AD,, =100mV 4.56 33.10 37.80
A®, =150mV 102 151 229
Device parameters: Drain, Source, and Channel doping

(NSi)=10190m’3’ Oxide thickness is 1.5&0.3nm, oxide dielectric
constants (HfO, & SiO, are 25.0 & 3.90, respectively), channel
length(L)=40nm, drain to source voltage (Vg)=0.05V, gate to source
voltage (V5)=0.6V, and radius(R)=5nm.

@ Springer

values. When the sensitivity of JL-GAA-SiNWFET was
compared to the sensitivity of bulk MOSFET and GAA
MOSFET, the sensitivity was found to be more in JL.-GAA-
SiNWEFET because the sensitivity (S; ) equation tells us that
the hole mobility is related to the subthreshold leakage cur-
rent. This provides that the subthreshold current in bulk
MOSFET and GAA MOSFET devices is higher than JL-
GAA-SINWEFET. Since the JL-GAA-SiNWFET structure
experience, a higher surface-to-volume ratio and its channel
exposed to more effective gate control than others at gate-
source voltage are zero, resulting in a more significant vari-
ation in subthreshold current when the work function of the
gate metal was altered as the gas molecules react with the
catalytic metal gate. For instance, the sensitivity (S,OFF ), of

proposed JL-GAA-SiNWFET compared with GAA-MOS-
FET and bulk MOSFET, JL-GAA-SiNWFET shows
improved sensitivity. The results show that as 150mV work
function shift of Pd at the gate, the sensitivity improvement
with JL-GAA-SiNWFET based hydrogen gas sensors is
51.65% and 124.51% compared with GAA-MOSFET and
MOSFET, respectively. Due to high dielectric oxide(HfO,)
and interface oxide(SiO,) suppressing electron tunneling and
hole mobility at gate-source voltage vanishes.

Finally, we have summarized the results here; as we have
studied different articles, hydrogen is one of the essential
future clean energy sources on the road to a more sustain-
able world and replacing fossil fuels [45, 46]. For instance,
the availability of hydrogen may serve as one of the primary
drivers of the energy shift and decarbonization [37]. In order
to handle hydrogen safely, robust sensors are highly desired.
Particularly, it has been shown that the active materials
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(Palladium) employed in these sensors exhibit the high sensi-
tivity to H, required for practical applications and that nano-
structuring of these materials enables a reduction in response
time of the sensors and a close approximation to the industry
standard [22]. Due to these and other applications, we studied
and designed a Palladium gate modulated JL-GAA-SiNWFET
based hydrogen sensor, and it is crucial in applications where
health is of particular significance due to their unique quali-
ties, particularly their innately low fire risk, making them the
technology of choice; for instance, in mass transit hydrogen-
powered vehicles and H, accidental leakage [5]. Integrating
the palladium electrode in the proposed device enhances
device sensitivity performance, lifetime, and reliability.
Therefore palladium electrode material is a very sensitive
and selective material for H, and does not require oxygen to
carry out [45]. For various applications, Palladium JL-GAA-
SiNWEFET based hydrogen sensor has been examined; since
hydrogen is odorless compared to gasoline fuel, it is used for
the detection of H, leakage in the area of hydrogen fueling
stations [37], hydrogen pipelines distribution and transmis-
sions [15], cryogenic hydrogen storage tanks(since such stor-
age tanks constantly release H,, leads to change in partial
pressure), hydrogen fuel cells (utilized in automobiles and can
serve as a backup for generators and small power plants) [41],
its water resistance (since, the majority of fuel cells operate
with surplus liquids, including water) [20], hydrogen safety
and control(increased use of hydrogen fuel leads to more H,
infrastructure incidents) [15], and widely used in industrial
settings due to their dependability and excellent sensitivity of
H,. Because of the increasing need for hydrogen fuel, efficient
hydrogen detection is crucial in many industries for everyday
safety and process development. Not only these, Junctionless
Gate-All-Around SiNWFET-based hydrogen gas sensor is
excellent electrostatic control of short channel effects (SCEs).
Due to these and other physical significance, we have studied
Palladium integrated junctionless gate all around SINWFET-
based hydrogen gas sensor.

4 Conclusion

Through Silvaco-TCAD simulations and analytical model
development, this work verified a Junctionless GAA silicon
Nanowire transistor with a palladium (Pd) metal gate as a viable
sensor for detecting hydrogen gas based on an electrical detect-
ing approach. The resulting analytical model's shifting threshold
voltage (AV,) and shifting subthreshold current (S;ypp) sensi-
tivities are consistent with simulation data. These results indi-
cate higher sensitivity values at higher palladium metal work
function and temperature variations due to increased gas sur-
face covering over the Pd metal gate [A¢,,|. We have examined
that the catalytic palladium metal gate JL-GAA-SiNWFET sen-
sor has a higher hydrogen gas molecule sensitivity than GAA-
MOSFET and conventional bulk MOSFET due to its larger
surface-to-volume ratio in addition to improved performance.

As is confirmed in Table 2, the percentage improvement in the
subthreshold drain current ratio’s sensitivity (S__) are 124.51%
and 51.65% when JL-GAA-SiNWFET compared with bulk
MOSFET and GAA-MOSFET, respectively. So, the sensitiv-
ity parameter for hydrogen gas sensing in this investigation
involves a change in subthreshold current, and it is a critical
concern in addition to shifting threshold voltage((AVy,). This
finding provides novel promises for using Pd island gate junc-
tionless gates all around SiNW field-effect transistor sensors
to detect hydrogen gas and is applicable for industries such as
petrochemical plants, nuclear reactors, hydrogen manufacturing
facilities, petroleum refineries, space launching, leak detection,
fuel cells, medical diagnostics, and nuclear power plants.
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