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Abstract—This paper reveals the role of Flicker (1/f) Noise and 

process variations (i.e., random dopant fluctuation, RDF) on the 

sensitivity of the Junctionless FinFET-based hydrogen gas (H2) 

sensor with a ferroelectric (FE) gate stack, which offers the 

privilege of Negative Capacitance (NC) effect. In general, the FE-

stack has two possible configurations, i.e., MFMIS and MFIS. 

Therefore, the sustainability and selectivity of both configurations 

under the influence of Noise on the sensor’s sensitivity have been 

thoroughly investigated using well-calibrated TCAD models. With 

varying H2 concentrations (in ppm) and FE thicknesses in both 

configurations, the acquired electrical characteristics, sensing 

metrics, and noise spectral density (SIDS) reveal that the MFMIS is 

an appropriate choice for realizing a FET-based sensor.  

Keywords— Hydrogen gas, Junctionless, Negative Capacitance 

Flicker Noise, Sensitivity. 

I. INTRODUCTION  

Embedding the ferroelectric layer at the gate stack of the 
conventional MOS results in the NC phenomenon, when/if the 
FE thickness and Landau parameters are adequately tuned [1]. 
Therefore, realizing an FE-based FET provides a suitable 
pathway to achieve channel conductivity modulation, which, in 
turn, promotes FE-stacked transistors as a potential candidate for 
sensing applications. Among all possible FET-based sensors, 
the gas sensors are of prime importance and require a low-cost, 
portable, noise-immune, and sustainable design. It is crucial to 
detect gases like hydrogen (H2), phosphine (PH3), ammonia 
(NH3), etc. with high sensitivity and accuracy [2]. This paper 
chooses the hydrogen gas (H2) sensor design using Junctionless 
FinFET, which offers an additional advantage over baseline 
FinFET [3]-[6]. Unlike conventional MOSFET, the Junctionless 
(JL) transistors are particularly promising due to their 
straightforward fabrication and reduced sensitivity to surface 
roughness scattering [7]. Further, the choice of JL FinFET 
mitigates short-channel effects and requires less steep doping 
profiles, making it well-suited for nanoscale non-planar 
sensitive devices. Thus, transistor characteristics could be 
retrieved for realizing a sensor. The additional advantage in 

sensing characteristics could be realized by incorporating NC 
merits using an embedded FE layer. In general, the FE-stack has 
two possible configurations, i.e., MFMIS and MFIS [8]. MFMIS 
is not a reliable and widely opted configuration owing to the 
presence of an internal metal; however, it is a good configuration 
for studying the modeling behavior of the device. On a similar 
ground, MFIS is a widely accepted configuration due to CMOS 
compatible design. Therefore, as far as this transcript is 
concerned, we investigated the best-suited configuration for 
noise-immune and sustainable sensor design.  

II. DEVICE STRUCTURE AND TCAD SETUP 

Sentaurus TCAD [9] is employed for investigating the electrical 
and Noise characteristics of the proposed JLNC FinFET for two 
configurations (MFMIS and MFIS). In our previous publication 
[10], the JL FinFET (Fig.3a) is fabricated and characterized for 
the transient response for H2 detection. The same (Fig.3b) is 
opted for simulation and calibrated against the available 
experimental data [11], which ensures the credibility of our 
simulation setup. To subside the series resistance and RDF, 
fixed n-type doping is considered in the source/drain and 
channel region. The two possible FE-stack configurations are 
embedded over the baseline JL FinFET to realize the JLNC 
FinFET-based sensor (Fig.2a-b). The S-curve obtained (Fig.2d) 
from TCAD is used to validate the L-K parameters, confirming 
that it aligns with the NC region for a 1.8nm FE thickness (TFE) 
[12]. Table I comprises the default parameters used in the 
simulation unless stated otherwise. 

      
Fig.1 Schematic of (a) metal ferroelectric insulator semiconductor (MFIS) and 
(b) metal ferroelectric metal insulator semiconductor (MFMIS) capacitor. This 
is used to realize Junctionless Negative Capacitance (JLNC) FinFET-based H2 

sensor. 
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Table-I Parameter Table 

Fig.2 Cross-sectional view of the JLNC FinFET realized by (a) MFIS 
configuration; and (b) MFMIS configuration of the gate-stack. (c) calibration of 
the baseline JL FinFET, and (d) extraction of the S-curve for MFIM capacitor 
for corresponding L-K parameter shown inside the figure. Table-I: Parameter 
Table. 

III. FABRICATION STEPS AND SENSING MECHANISM 

 The basic fabrication steps for the baseline JL-FinFET are 

shown in the flow chart-I (Fig.3). We used a doped-high-k 

material as the ferroelectric (FE) layer, applying the L-K model 

to operate the device in the negative capacitance (NC) region. 

This JLNC device is designed for H2 gas sensing applications. 

Hydrogen, a gas that is colorless, tasteless, and odorless, 

presents safety risks due to its high combustion rate and rapid 

burning velocity, making quick leak detection crucial. 

Normally, hydrogen gas consists of diatomic molecules, each 

made up of two hydrogen atoms bonded by covalent 

interactions. In the transduction mechanism, hydrogen 

molecules dissociate and adsorb onto the palladium metal gate 

surface. The gas sensing methodology for the proposed sensor 

is depicted in the flow chart II (Fig.3). The effect of varying H2 

concentration, i.e., 1.0ppm to 1.005ppm has been investigated 

considering the H2 gas diffuses over gas sensing elements (i.e., 

gate metal) of the JLNC FinFET with two FE-stack 

configurations. The change in H2 conc. effectively tunes the 

metal work function (WF) and, in turn, the channel conductivity 

(Fig.3c). Thus, the significance of varying H2 concentration is 

visible in the electrical characteristics of the proposed JLNC 

FinFET. 

Table II Surface Concentration of H2 at 1.0ppm 

Conc. Conc.(gm/l) Molar Conc 
(M/l) 

HSurf =𝑞𝐻×molar Conc.× 
Avogadro no. (charge 

per cm3) 

1.0ppm 0.001 4.96×10-4 5.9748×1020 

𝑞𝐻 =No. of atoms/proton charge =2 
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Fig.3 (a-b) SEM image, and the transient response of the fabricated Junctionless 
FinFET. The figures are already presented in our previous publication [5].  (c) 
3D schematic of the proposed JL FinFET, and (d) WF variation with varying H2 
concentration. 

IV. RESULTS AND DISCUSSION 

The significance of varying H2 conc. is visible in the electrical 
characteristics of the proposed JLNC FinFET.  IDS-VGS plot for 
baseline JL FinFET and JLNC FinFET with MFMIS and MFIS 
configurations (Fig.4a) shows that JLNC designs exhibit lower 
OFF current compared to the baseline device.  
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Fig.4 (a) comparison plot of IDS-VGS characteristic of the baseline Junctionless 
FinFET with MFMIS and MFIS based Junctionless FinFET structure, (b-c) VTH 
and ION/IOFF variation at different H2 concentrations (in ppm) for both 
configurations, respectively, (d-e) VTH sensitivity and ION current sensitivity 
variation, respectively, for proposed sensor, and (f) electrostatic potential 
distribution at 0.0ppm for both device along the fin direction.   
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Fig.5 Response analysis of the proposed H2 sensor at different concentrations (in 
ppm) with an FE thickness of 4nm for both MFIS and MFMIS configurations. 
Here (a) calibration of S curve for 4nm Zr doped HfO2 FE material [13] using 
Sentaurus TCAD [9], (b-c) sensitivity analysis for the proposed sensor both 
threshold voltage and ON current, respectively. (d) variation in inner metal gate 
voltage in MFMIS for varying H2 concentrations. This shows the MFMIS 
structure has good sensing ability, which promotes the choice of the MFMIS 
configuration. 

 

 

 

 

 Table III 
Percentage increase in SIDS at 1.005ppm with respect to 1.0ppm 

 

    However, due to instability caused by residual charges on the 
internal metal plate, the MFMIS JLNC FinFET has a higher 
leakage current than the MFIS counterpart. The change in the 
threshold voltage (VTH) and current ratio (ION/IOFF) of the 
proposed sensor with varying gas concentration (Fig.4b-c) 
reveals that the leakage current from the internal metal gate can 
cause instability in the NC region of MFMIS-based sensors, 
leading to fluctuations in their sensitivity. The sensitivity (SION, 
SVTH) of the proposed sensor (Fig.4d-e) illustrates that VTH 
sensitivity is higher in the MFIS JLNC FinFET. 
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Fig.6 Represent the flicker noise spectral density for varying H2 conc. (a) 
1.0ppm, and (b) 1.005ppm. (c-d) variation of threshold voltage for 50 discrete 
random samples at TFE of 1.8nm and 4 nm, respectively, (e) Normal Quantile plot 
at 1.0ppm for different thicknesses, and (f) standard deviation of VTH.  
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The distribution in the electric field vector across the fin 
direction shows the internal voltage amplification in MFMIS 
(Fig.4f). The performance of the proposed sensor is investigated 
with varying TFE (i.e., 1.8nm and 4nm). S-curve for TFE= 4nm is 
also calibrated against the experimental data [13] (Fig.5a). At 
higher TFE, the FE capacitance decreases, while internal 
amplification gain increases. This results in a significant 
reduction in OFF current (IOFF). MFMIS architecture 
demonstrates a more stable response compared to devices with 
lower TFE thickness. Furthermore, the VTH sensitivity tends to 
decrease with increasing TFE while its ION sensitivity shows an 
increasing trend (Fig.5b-d). To analyze the low-frequency noise 
behavior, the noise spectral density with varying TFE and H2 
conc. is plotted (Fig.6a-b).  JL devices use a high metal gate WF 
to create a positive charge in the channel and a negative charge 
on the internal metal gate. As TFE increases, more negative 
charge accumulates on the internal gate, leading to a higher 
negative voltage. Thus, the results reveal that as H2 
concentration increases, the effect of flicker noise becomes more 
pronounced. Furthermore, at higher TFE, the impact of flicker 
noise is lower in MFMIS than in the MFIS JLNC FinFET (Table 
III). Further, we investigated the impact of the RDF for different 
H2 conc., showing a significant variation in VTH (Fig.6c-d) 

around its mean value. Thus, at higher H2 conc. the effect of 
RDF increases and also this effect reduces at higher thickness 
for MFMIS. There is a nonlinear fit in the quantile plot (more 
tilt) of VTH for 1.0 ppm for TFE=1.8nm (Fig.6e), which tilts 
further as the H2/air conc. increases. Variation in the standard 
deviation of VTH is shown in Fig.6f. 

V. CONCLUSION 

Using well-calibrated TCAD models, we investigated the 
performance of a ferroelectric stacked Junctionless FinFET-
based H2 gas sensor. The two possible choices of FE-stack, i.e., 
MFMIS and MFIS have been analyzed for electrical and noise 
analysis with varying H2 concentrations. The sensitivity of the 
proposed sensor has been investigated using VTH, IOFF, and 
ION/IOFF, as sensing metrics. Where our revealing found that at 
higher gas concentrations the effect of flicker noise and RDF 
increases, and along with higher FE thickness impact of flicker 
noise and RDF is less in MFMIS JLNC FinFET compared to the 
MFIS JLNC FinFET architecture. MFMIS is a more sustainable 
choice for noise-immune sensor design. 
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