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This study presents the design and TCAD simulation of a thin-film transistor (TFT) structure for gas
sensing applications, utilizing a multilayer material configuration. The proposed device incorporates a Co-
balt/Nickel-functionalized sensing layer integrated within a back-gated amorphous Indium Gallium Zinc
Oxide (a-IGZO) TFT architecture, supported by a SiO2 dielectric and a silicon substrate. The objective is to
improve selectivity, sensitivity, and operational stability for gas detection. Simulation results demonstrate
that the proposed Co/Ni-functionalized a-IGZO TFT achieves a threshold voltage (Vi) of 0.58 V, a sub-
threshold swing (SS) of 80 mV/dec, and an Iox/Iorr ratio of 2.56 x 103, The maximum drain current (/pmax)
reaches 11.5 pA under Vgs = 3 V bias condition. Compared to Palladium (Vin = 1.1 V), Cobalt (Vin = 0.58 V)
achieves a 47 % reduction in threshold voltage, enabling lower-power operation. The a-IGZO channel pro-
vides enhanced carrier mobility and improved bias-stress stability compared to conventional oxide semi-
conductors. The gas sensing mechanism is modeled through work-function modulation at the metal-
semiconductor interface upon gas adsorption. This investigation demonstrates that Co/Ni-functionalized a-
IGZO TFTs offer broader gas detection capability than conventional Pd-based sensors, with potential ap-
plications in environmental monitoring, industrial safety, and portable sensing systems.

Keywords: Thin-Film Transistor, Cobalt/Nickel sensing layer, a-IGZO, Drain current, Threshold
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1. INTRODUCTION

The requirement of efficient, compact, and low-
power gas sensors has increased significantly in the
fields of the environment, safety in industries, and
determination of food quality. Thin-Film Transistors
(TFTs) represent a potential environment that can be
used as a substrate in the future because they can be
used on flexible substrates, with low-temperature fab-
rication methods, and with scalability to large-scale
electronics [1, 2]. Non-ionizing radiation sensors how-
ever are usually limited in their sensitivity, selectivity
and deteriorate as a result of long-term exposure to the
environmental conditions.

Recently, there have been studies into the integra-
tion of metal oxide semiconductor, e.g. TiOz, ZnO, and
InGaZnO (a-1GZO) as active layers in TFTs because of
their chemical stability and electronic characteristics
[3-5]. TiOz2-based TFTs that have been modified with
Palladium (Pd) have demonstrated good growth in
recognition of hydrogen-based gases. This was verified
by simulations carried out with TCAD tools that the
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addition of a layer of Pd sensing above a TiO2 channel
resulted in a significant change in the electrical charac-
teristics of the drain current, threshold voltage, and
transconductance, which is evidence of its gas-sensing
property [3]. However, Pd-based structures are mainly
aimed at detecting hydrogen and cannot detect multi-
gases in the long-term and therefore a modified TFT
structure is suggested in this work. It is a Cobalt or
Nickel functionalized Si conducting layer on an a-IGZO
dielectric based, comprising of a SiOz gate oxide, and a
Si or glass substrate.

2. LITERATURE REVIEW

Cobalt and Nickel are also well known catalysts
that react to a wide range of gasses, such as ammonia
(NH3), hydrogen sulfide (H2S), and carbon monoxide
(CO), and thus they are extended to include a wider
variety of detectable gasses [6, 7]. Moreover, a-IGZO
use enhances all the carrier mobility and bias stress
stability over TiOz2 and other traditional metal oxides
[2, 5]. The proposed structure has been designed and
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simulated with the help of Technology Computer-Aided
Design (TCAD) tools. Drain current and transconduct-
ance were the critical electrical parameters that were
compared to examine the performance of the devices at
pre and post exposure to toxic gases [6, 8]. Shifts in the
output characteristics are measured with changes in
the simulation results with the interaction of gases at
the metal sensing layer, which confirms the effective-
ness of the device in real-time gas detection.

Recent advances in a-IGZO TFT technology have
demonstrated significant potential for gas sensing ap-
plications. Jain and Jain [9] introduced an optimized a-
IGZO top-gate TFT device, which was optimized to
sense ammonia gas, and the study showed the potential
of a-IGZO to be used as the active sensing device. In
their work, the optimization of the geometry of the
device was noted to be of great significance to attain
increased sensitivity to the target gas. Also, Pan et al.
[10] carried out a thorough review of the strategies
aimed at enhancing mobility and stability of IGZO
TFTs, whereby quality of materials and engineering of
interfaces are important factors that ensure stable
sensor performance. It also depends on the carrier mo-
bility in channel layer which is an important factor in
defining sensor response time and sensor sensitivity, as
described by Kawaji [11] in two-dimensional lattice
scattering in semiconductor inversion layers. The phys-
ical modeling and simulation framework used in this
paper is based on the methodology developed by Pot-
bhare et al. [12], who made a detailed physical model of
high-temperature semiconductor devices, and as such,
the model illustrates the significance of the proper use
of TCAD-based characterization in the prediction of
device properties under different operating conditions.

The sensing principle in the thin-film transistor
sensors has been greatly studied both experimentally
and through simulations. In ZnO thin-film transistors,
Chakraborty and Roy Chaudhuri [13] showed biomole-
cule detection performance improvement with noise
spectroscopy measurements and the insight into the
detection mechanisms at the semiconductor interface
was obtained. Li et al. [14] suggested a new working
principle of FET gas sensors based on the electric dou-
ble layer capacitance modulation of ionogel dielectric
sensing platforms which exhibit increased sensitivity
by dielectric engineering principles. In the case of hy-
drogen detection, Niu et al. [15] designed a palladium
nanoparticle/amorphous InGaZnO thin film sensor
with enhanced hydrogen detecting properties, which
offers good insights into the Pd-functionalized 1GZO
structures to act as a reference point in the comparison
with other sensing material like Cobalt and Nickel.

In addition to the inorganic semiconductors, it is
seen that organic field-effect transistors (OFETSs) also
promise to be useful in detecting gases. A solution-
processed, highly-efficient OFET-based hydrogen sul-
fide gas sensor, which is at sub-ppm regime, has been
demonstrated by Singh et al. [16], where FET architec-
tures have been demonstrated to be versatile in a vari-
ety of target gases. Moreover, Feng et al. [17] have
given an in-depth overview of gas sensors relying on
semiconducting nanowire field-effect transistors, and
the common principles of FET-based gas sensing and
the benefits of one-dimensional nanostructures in high
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sensitivity. Knopfmacher et al. [18] conducted a theo-
retical study of the Nernst limit in dual-gated Si-
nanowire FET sensors, which is the sensitivity limit,
and which furnishes a basic insight into the maximum
achievable sensitivity in field-effect sensors.

Despite these advances, several limitations remain in
existing TFT-based gas sensors. The main limitation of
most Pd-based sensors is their use in detecting hydrogen
only, and the other metal oxide sensors feature low selec-
tivity and operating temperatures. Moreover, minimal
studies on other catalytic resources like Cobalt and Nickel
to be used in the TFT-based gas sensing have been con-
ducted. To overcome these drawbacks, this article pre-
sents a Co/Ni-functionalized a-IGZO TFT architecture
that is developed under the impact of physical modeling
approach of semiconductor device characterization devel-
oped by Potbhare et al. [12], in TCAD simulation method-
ology. The proposed structure aims to achieve broader gas
detection capability with lower threshold voltage and
improved switching characteristics compared to conven-
tional Pd-based sensors, while maintaining compatibility
with standard fabrication processes.

3. DEVICE STRUCTURE

Fig. 1 indicates that the proposed TFT is fabricated
to optimize the performance of the multi-gas sensing
using the Cobalt or nickel-functionalized layer together
with an a-IGZO conducting layer, which is placed on a
SiOz layer and Si or glass substrate. The material se-
lection and device design will be determined using their
established electrical and chemical sensing capabilities
which will provide a stable operation and compatibility
with proven fabrication processes.

Source Cobalt/Nickel Drain

a-1GZO film

SiO2 dielectric

Gate

Si or glass substrate

Fig. 1 — Cross Sectional view of the proposed a-IGZO TFT
structure

3.1 Ensuring the Integrity of the Specifications

The structure base is silicon or a glass substrate
both of which offers mechanical stability and can be
deposited at low temperatures. A SiO:z dielectric layer,
which is used as the gate insulator is added above this.
This layer is key to low gate leakage, stability of the
interface, as well as ensuring that the gate is able to
control the channel properly [1].

3.2 a-IGZO Film

An a-IGZO film is deposited above SiO:z layer and
used as the active semiconductor channel and the
prime dielectric interface having a wide bandgap, high
electron mobility, and stability to both electrical and
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optical stress [2, 5]. These characteristics have made it
an appropriate substitution of the traditional oxide
semiconductors such as TiO: that have drawbacks of
mobility as well as degrading in the presence of envi-
ronmental stress [3, 4].

A layer of Cobalt or Nickel metal is plated on top of
this. These transition metals have the characteristic of
catalytic sensitivity to the gases like NH3, CO and HsS.
The gas molecules interacting with metal surface cause
a change in the work function of the sensing material
and this change in the work function in the sensing
material causes a change in the channel conductance,
hence real-time gas sensing. Fig. 2 displays the influ-
ence of various materials, be it either Cobalt, Nickel or
Palladium and how it is structured and modeled with
the help of the numerical simulation tool and influ-
ences the properties of the device.

This inserted material has the property of sensing

carcinoma and toxic gases. The work function has
been set for that material in such a manner.

|
source | | | |

a-1GZO film

I Drain

SiO2 dielectric

Gate

Si or glass substrate

Fig. 2 — Effect of Toxic material: Cobalt or Nickel, and its
effect induced to the device

Both Cobalt and Nickel provide a broad-range gas
detection and stability all throughout operation unlike
Palladium which is usually confined in detecting hy-
drogen. Their incorporation into the structure makes
them selective and able to be useful in a wider range of
gases [4, 7]. The channel between the source and drain
contacts is created by placing the contacts on both sides
of silicon conducting layer. Conventional deposition
methods that include sputtering or thermal evapora-
tion are used to make these electrodes. The electrode
that forms the gate is placed at the bottom of the stack
and is below the SiO:2 dielectric, defining the back-
gated TFT structure. The layout provides advantages
in the form of simplicity in layout and compatibility
with planar process technologies [8].

3.3 Simulation and Optimization Approach

The TCAD simulation tools are used to analyze im-
portant electrical properties of the device structure.
The parameters that are extracted are Ip, Vr, gm, and
subthreshold swing (SS) to measure the behavior of the
device in normal and gas-exposed conditions [6, 11].
The dielectric thickness is of special concern, especially
the effect of the SiO2 and a-IGZO layers, because it has
a great impact on the gate control and operating volt-
age [1]. Alteration of metal work functionality, sensing
layer thickness, and channel doping are also viewed as
the optimization of the sensor responsiveness and de-
tection range [15, 18].The structural parameters used
in the TCAD simulation are summarized in Table 1.
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The thickness of the SiOz dielectric and the a-IGZO
layer significantly influence the gate control and
threshold voltage of the proposed device.

Table 1 — Structural specifications and material properties of
the proposed a-IGZO TFT

Parameters Values
Channel length 7 pm

IGZO layer thickness 120 nm

Si02 layer thickness 500 nm

Doping density 1.59 x 1023 m-3

4. RESULTS AND DISCUSSION
4.1 Experimental Validation

Fig. 3 presents the correlation of the Ip and Vps at a
constant Vgs of 3 V. The simulated results, denoted by
red circular markers, are compared to the experimental
results, denoted by black square markers, both of
which are obtained using reference [12]. The current
through the drain also changes nonlinearly as Vps rises
between 0 V to 3 V, which is a typical characteristic of a
TFT working in the saturation and linear phases. The
simulated outcomes are following the trend of the ex-
periment and it proves that the simulation model is
correct. Nevertheless, the slight variation is noticed at
increased Vps values where the experimented data is
slightly less than the simulated current. This difference
can be explained by idealized conditions in the simula-
tion, including, parasitic effects, or change in material
properties which are encountered in practice. The
graph in general proves that the simulated model is
just a reflection of the actual device behavior, which
proves the validity of the offered structure and the
materials that were used in the study.

0.16

0.14

—s=— Experimental result given
0.12 4 by Potbhare et al. [12]

—e— Simulated result of [12]
0.10

0.08 4

0.06 4

I, (1A)

0.04 4
Ata constantV_

0.02+ of 3V

0.00

-0.02 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0

Vs (V)

Fig. 3 — The experimental results given by Potbhare et al. [12]
validated with the proposed simulation model

4.2 IV Characteristics of the Proposed Structure

Fig. 4 shows the In-Vbs of a TFT when two gate met-
als, Cobalt and Nickel, were used with two gate voltages
Ves=2.5V and Ves=3V. The solid lines are used to
depict the device when Cobalt is used as the gate mate-
rial and the dashed lines are used to depict Nickel. Both
gate voltages reveal a higher Ip in the Cobalt-gated TFT
than the Nickel-gated TFT. This implies that Cobalt
offers more gate control of the channel.
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Fig. 4 — Output characteristics of the a-IGZO TFT device with
Cobalt and Nickel materials kept constant at different gate-to-
source voltages

The physics of this behavior lies in the difference
between the work function of Cobalt and Nickel. Cobalt
(~5.0 eV) and Nickel (~4.6 to 4.7 eV) are polarized, so
that there is a strong electrostatic field at the gate-
channel interface. This gives a more effective carrier
concentration modulation in the channel with the same
gate voltage. An improved work function also decreases
the effective barrier to electron accumulation in n-type
oxide semiconductors such as a-IGZO, therefore, in-
creasing the channel formation and raising the drain
current. Additionally, the channel-gate affinity enhanc-
es the turn-on properties of the device and leakage.

Fig. 5 explores the transfer properties of a TFT that
demonstrates the dependence of the ID on the Vs of
the same when the drain voltage is changed to
Vbs =2.5 and 3 V. The solid curves are in the case of
the device using Cobalt, whereas the dashed curves are
in the case of the device using Nickel material.
Throughout the Vis range, Cobalt-based TFT is always
capable of giving a better drain current than Nickel-
based TFT at the two drain voltages.

The superior performance of the Co-functionalized
TFT arises from its improved gate control over the chan-
nel, enabling more effective carrier accumulation in the
semiconductor region. Unlike Nickel, Cobalt properties
enable earlier channel formation and increased charge
carrier density under similar gate bias conditions.

10

1, (4A)

Fig. 5 — Transfer characteristics of the proposed a-IGZO TFT
with Cobalt and Nickel materials for drain-to-source voltages
of 25and 3V
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As a result, the device achieves higher current lev-
els even at lower gate voltages. Additionally, the more
favorable energy alignment between Cobalt and the
oxide semiconductor helps in minimizing the energy
barrier for carrier injection, which further contributes
to improved current conduction.

—a— With no toxic mateial -

After placing

—e— Palladium
—a— Nickel
—e— Cobalt

VesV)

Fig. 6 — Transconductance of the proposed device with and
without the effect of each of the three materials, Palladium,
Cobalt and Nickel

Fig. 6 illustrates the variation of gm against Vas for
a thin-film transistor structure under different materi-
al conditions. The device without any additional mate-
rial exhibits a high peak gm, indicating optimal gate
control. However, when materials such as Palladium,
Nickel, and Cobalt are introduced, notable changes in
their electrical characteristics are observed. Among the
introduced materials, Nickel and Cobalt show superior
performance over Palladium in terms of gm. This en-
hancement can be attributed to their relatively higher
work functions approximately 5.15 eV for Nickel and
5.0 eV for Cobalt, which induce a stronger electric field
at the gate-dielectric/channel interface.

This strengthened field increases the modulation of
charge carriers in the semiconductor channel resulting
in a higher degree of carrier accumulation, lowering the
threshold voltage and having a better subthreshold
behavior. Also, Cobalt and Nickel can provide superior
interface passivation and lower density of trap states
than Palladium and therefore improved carrier mobili-
ty and injection efficiency. All in all, the integration of
Nickel and Cobalt facilitates the management of the
gate and electrical, rendering them preferable in en-
hancing the gm properties of the device.

2.58x10’

—=— with Nickel material
2.56x10°4 ~—*— With Cobalt material

2.54x10°

1N

s 2.52x10°

2.50x10° -

2.48x10’

AtV =3V

2.46x10’ T T T T T T T
60 80 100 120 140 160 180
IGZO layer thickness (nm)

Fig. 7 — Ion/Iorr of the proposed device with and without the
effect of each of the Cobalt and Nickel materials
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The Ion/Iorr ratio is a critical figure of merit for
TFT-based sensors, indicating the switching perfor-
mance between conducting and non-conducting states.
As shown in Fig. 7, the Co/Ni-functionalized device
achieves an Ion/Iorr ratio of 2.56 x 103 with Cobalt
material and 2.52 x 103 with Nickel material, demon-
strating effective gate control and low off-state leakage
current for both functionalization materials. Cobalt
exhibits a slightly higher Ion/Iorr ratio compared to
Nickel, indicating marginally better switching charac-
teristics. The functionalization with Cobalt and Nickel
enhances the on-state current while maintaining low
off-state current through improved carrier modulation
at the metal-semiconductor interface. These values are
suitable for low-power gas sensing applications where
high switching ratio is essential for reliable detection.

4.3 Threshold voltage Shift (Vin)

Fig. 8 shows the change in Vin of transistors using
different metallic elements Cobalt, Nickel, and Palladi-
um at constant drain-to-source voltage of 3 V. As can be
seen, the Vin does rise with the introduction of the ma-
terials with Cobalt giving the lowest final Vin (0.58 V),
then Nickel (0.95V), and finally Palladium giving the
highest (1.1 V).

The interfacial effects between the metal and the
layer below which is a semiconductor or dielectric are
reflected in this behavior. In particular, the difference
in Vin is due to the difference in energy band align-
ment, dipole formation, and metal interface surface
states. Cobalt has a good interaction at the interface
which enables an easy carrier transition and the ener-
getic barrier to conduction is minimized to enable the
formation of the channel at lower gate voltages. Con-
versely, Palladium incorporates a greater interface
dipole or potential surface traps which prevent charge
buildup, which forces a greater gate voltage to cause
conduction. Also, Cobalt can facilitate a high capacitive
coupling between the gate and the channel, which im-
proves the electrostatic control, and Palladium impairs
this coupling, slowing down the activation of channels.
These observations confirm that Cobalt-modified devic-
es are better suited for low-voltage operation due to
their reduced threshold characteristics, which is advan-
tageous for energy-efficient switching applications.

1.1 ‘e
1.0 4 T
‘e
s 0295 (o2
< 0.8
>
8 0.7
S o6 . ‘.5
© ‘e
_g 0.5
2 i A constant drain-to-
E s source voltage (V) of
0.3 4 3 V was maintained
02 =
0.1 s . T
Cobalt Nickel Palladium

Fig. 8 — The threshold voltage shifts depicted when Cobalt,
Nickel and Palladium materials are used. For each material,
the threshold voltage is increased
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4.4 Work Function Analysis

1.2x10°
""""""""""""" e .
1.0x10° ‘./,._-"" . ".’_,-T
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Fig. 9 — Peak current drive at various metal work functions
when Cobalt material is used. The conventional MOSFET is
designed by Potbhare et al. [12]
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2.0x10° ~

T T
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Workfunction (eV)

T T
34 36 38

Fig. 10 — Metal work function related variation in drain cur-
rent peaks when Nickel material is used. For the conventional
MOSFET, the design used by Potbhare et al. [12] is used

Fig. 9 illustrates the variation in peak drain current
for the proposed device when different metal work
functions are applied with Cobalt as the sensing mate-
rial. The results indicate that a lower gate work func-
tion leads to a higher drain current, resulting in im-
proved current driving capability. By tuning the gate
work function across different values, the optimal con-
dition for detecting the presence of the Cobalt layer can
be determined. Similarly, Fig. 10 shows the drain cur-
rent peaks with respect to differing work functions
when Nickel material is used.

4.5 Subthreshold Swing

Fig. 11 explores the correlation between SS and Ip
of three materials Nickel, Cobalt, and Palladium that
are in the device fabrication with a Lc¢ of 7 um. A sub-
threshold swing is a performance figure of the field-
effect transistors, which shows the ability of the device
to switch between the off state and the on state. A
smaller SS value indicates more abrupt switching be-
havior as well as increased gate modulation efficiency.
Based on the graph, it is clear that the device that has
been changed to Nickel has a low subthreshold swing of
55 mV/dec and then cobalt, and Palladium is always
the highest in the SS values.
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Fig. 11 — SS for different materials at a channel length of 7 pm

The high behavior observed with Nickel can be ex-
plained by the fact that it allows more rapid response
to charge carriers in the case of weak inversion. The
result is an increase in the slopes of the subthreshold
region, which enhances the switching speed and lowers
leakage. Also, the structure of the device based on
Nickel will induce the low density of the mid-gap
states, which will reduce the influence of the traps-
assisted tunneling and the charge trapping, that are
typical reasons of subthreshold performance degrada-
tion. Although not as good as Nickel, Cobalt still facili-
tates fairly low SS values, perhaps because it has a
moderate contact with the interface, preventing unde-
sirable recombination reactions.

However, Palladium seems to create more ineffi-
ciency in the subthreshold regime, possibly because of
an increase in the scattering or slower interfacial re-
sponse, and increases the width of the transition region
between the off and on states. Overall, the results con-
clude that Nickel is best in improving steepness of
turn-on behavior, which is essential for low-power and
high-performance switching operations.

4.6 Hysteresis

By sweeping the gate voltage both forward and
backward under ambient and gas-exposed conditions,
TCAD simulations were used to assess the hysteresis
properties of the Co/Ni-functionalized a-IGZO TFT. Be-
cause of the stable amorphous structure of the a-1IGZO
channel and the superior SiOz dielectric interface, which
reduces electron trapping and detrapping, the device
showed a low hysteresis width of 0.2-0.5V, as shown in
Fig. 12. With minimal degradation seen even after pro-
longed bias stress simulating extended exposure scenar-
ios, this narrow hysteresis range, which is consistent
with the achieved subthreshold swing of 50-150 mV/dec,
highlights the sensor's operational stability and reliabil-
ity for real-time toxic gas detection.

The performance of the proposed device is compared
with previously reported devices in terms of threshold
voltage (Vin), subthreshold swing (SS), and Ion/Iorr
current ratio. The results demonstrate that the pro-
posed structure achieves competitive performance for
gas sensing applications. The comparison details are
summarized in Table 2.
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Fig. 12 — Hysteresis behavior of the proposed device for differ-
ent materials at a channel length of 7 um

Table 2 — Comparison of electrical performance parameters of
the proposed a-IGZO TFT with previously reported devices

. Vin SS
Device Structure V) | mVidec) Ion/Iorr Ref.
InGaZnO/HfO,
TFT 2.12 |227 - [19]
Electrolyte-gated 5
G20 TRT 0.70 |175 1x 10 [20]
InGaZnO/HfLaO
TllFTa o Y 015|210 14x 107 |[[21]
Si-ZnON/SiOs TFT |- 0.51 [200 7.32 x 108 |[22]
Co/Ni-
functionalized 0.58 |80 2.56 x 103 |This Work
a-IGZ0/Si0: TFT

5. CONCLUSION

This work presents a TCAD-based investigation of
an a-IGZO thin-film transistor (TFT) structure func-
tionalized with different sensing metals for gas sensing
applications. The electrical characteristics of devices
employing Cobalt, Nickel, and Palladium sensing lay-
ers were analyzed and compared. Among the studied
materials, Cobalt exhibited the lowest threshold volt-
age (0.58V), representing a 47 % reduction compared
to Palladium, enabling lower-power operation. Nickel
demonstrated the lowest subthreshold swing
(55 mV/dec), indicating efficient switching behavior and
reduced leakage current. The proposed Co/Ni-
functionalized a-IGZO TFT achieved an Ion/Iorr ratio of
2.56 x 103, a subthreshold swing of 80 mV/dec, and a
maximum drain current of 11.5 pA. The work-function
modulation mechanism confirms that Co/Ni-based
sensing layers provide broader gas detection capability
compared to conventional Pd-based sensors. The a-
IGZO channel further offers improved carrier transport
properties and bias stability, making it a suitable plat-
form for gas-sensitive TFT devices.

Overall, the results identify Cobalt as a promising
sensing material for low-power gas detection, while
Nickel provides advantages for steep switching charac-
teristics. The presented simulation framework offers
useful design insights for material selection and device
optimization prior to fabrication. Future work will
focus on device fabrication and experimental validation
under controlled gas environments.
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IIpoexTyBaHHa TAa MOJEJIIOBAHHA TOHKOILIIBKOBOrO TPaH3UCTOpPA HA ocHOBi a-1GZO,
¢dpyukrionasizopaHoro K00aJILTOM/HIKe/IeM, JJIf MOKPAaIeHOr0 BUABJIEHHA ras3is
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¥V pobGori npescrasiieno npoexryBanasa Ta TCAD-Momei0BaHHS CTPYKTYPU TOHKOILIIBKOBOIO TPAH3UC-
topa (TIIT) mnsa rasoBux ceHcopis, 110 6a3dyeThes Ha 0AraToInapoBiii KoHQIrypalil MaTepiamis. 3amponoHo-
BAHUU [IPUCTPI MICTUTH YyTJIUBUH 11ap, QpyHKITIOHATI30BaHuN KobasbToM 1 HikeseM (Co/Ni), iHTerpoBanuii
y crpyerypy TIIT mHa ocHoBI amopdHOoro okcuay inmio, ramio Ta uHKy (a-IGZO0) i3 3aTBOpOoM, po3raiiosa-
HuM 31 3BopoTHOro 00Ky (back-gated). Korcrpyririsa Takosx Brmouae mieaextpuk SiO2 Ta KpeMHieBY IigKiIa-
nky. Mera poboTH — HOKpPAIIUTH CeJIeKTUBHICTD, YYTIUBICTD 1 CTAOLIBHICTH POOOTH IIPHUCTPOIO IIPH JETEKTY-
BaHHI rasis. Pe3ysbraTy MomeIoBaHHS MOKA3yI0Th, 110 3anpornonoBanuii TIIT Ha ocHosi a-1GZO, dyHkIrio-
uamisdosanuii Co/Ni, mae moporoBy Hampyry (Vi) 0,568 B, kpyrusHy migmoporosoi xapakrepuctuku (SS) 80
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B. MOHAN, V. SANDEEP ET AL. JJ. NANO- ELECTRON. PHYS. 18, 05001 (2026)

MB/nex Ta BimHOIIEHHS CTPYMIB yBiMKHeHOro i BuMKHeHoro craHiB (lon/Iorr) 2,56 x 103. MakcumanbHUI
cTpyM cTOKY (Ibmax) mocsirae 11,5 mrA 3a manpyru Ha 3aTBopi (Vis) 3 B. IlopiBHsiHO 3 BUKOpUCTAHHSAM maJia-
nio (Vin = 1,1 B), 3acrocyBauus kobanbry (Vin = 0,58 B) mospossie 3uuautu moporoBy Hanpyry Ha 47 %, 110
CIIpHsie 3MEHIIIeHHIO eHeproCoKuBaHuA mig uac poboru. Kamasn i3 a-IGZO 3abesmedye BUINY PyXJIHUBICTH
HOCIIB 3apsiay Ta Kpally CTaOLIbHICTH M0 BILIUBY ejekTpudyHOro moJisa (bias-stress stability) mopiBHsiHO 31
3BUYANHAMY OKCHIHVUMHF HAIBIPOBIIHUKAMU. MexaHI3M [eTeKTYBaHHSI ra3dy MOJEJIOETHCS depe3 3MIHY
pobOTH BUXOAY HA MeKi PO3ILITy MeTaJI—HAIlBIIPOBIHUK, 10 BiIOYyBaEThCS BHACIIIOK aacopoirii rady. Joc-
mmxenns gemorcrpye, mo TIIT wa ocuori a-1GZO, dyuximionamsosani Co/Ni, MaroTh MIUPIIT MOMKIUBOCTL
IIJIsT BUSIBJIEHHSI T'a3lB IIOPIBHSHO 3 TPAIUIIMHUMU ceHcopaMmu Ha ocHoBl masamio (Pd). Taki mpucrpoi mo-
JKYTh 3HANTHU 3aCTOCYBAHHS B CHCTEMAX MOHITOPUHTY JOBKIJIJISA, IIPOMUCIIOBOI OE3IIeKN Ta IOPTATUBHUX CEH-
COPHHUX CHCTEMAX.

Knrouogi cioea: TonkorutiBkoBumii Tpanaucrop, Yyrnuewmii map i3 kobansTy/Hikeso, a-1GZ0, Ctpym cTokry,
3cyB ITOPOroBOi HAIIPYTH.
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