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Abstract

The article investigates the benefits of scaling Metal Oxide Semiconductor Field Effect Transistors (MOSFETs)
and emphasizes FinFETs advantages over planar MOSFETs, notably in terms of decreasing short-channel effects
(SCEs) and boosting device performance. High-k (HK) dielectric oxide materials employed include Hafnium
Oxide (HfO:), Lanthanum Oxide (La:0s), and Lanthanum Aluminum Oxide (LaAlOs). These materials have
excellent features such as high dielectric constant, better permittivity and increased electron mobility. The key
performance measures investigated include saturation drain current (I4(sat)), electric field distribution, electro-
static potential, energy densities, threshold voltage (Vu), transconductance (gm), Drain Induced Barrier Lowering
(DIBL) and subthreshold swing (SS). The findings show that using HK dielectrics with a GaAs metal gate
improves device performance substantially, especially in terms of electric charge densities, electric field
distribution, temperature sensitivity, see beck coefficient and overall device stability and efficiency. The study
suggests that high-k dielectric materials are more suitable for advanced nanoelectronics applications than SiOa.

Keywords: Saturation Drain Current, Electric Field Distribution, Electro-Static Potential, Energy Densities,
Threshold Voltage, Transconductance, Drain Induced Barrier Lowering and Subthreshold Swing.

I. INTRODUCTION

The process of scaling Metal Oxide Semiconductor Field Effect Transistors (MOSFET) has
provided a large increase in device density per wafer, subsequently leading in a notable drop
in the cost per chip [1]. In addition to facilitating the widespread integration of electronic
components, the transition from the era of microelectronics to the emerging era of
nanoelectronics will also enable the miniaturization of these components and a reduction in
their costs to the extent that they can be incorporated into virtually any object, including
products that are wearable and dissolvable [2]—[4]. In addition, the reduction in the size of
transistors that occurs as a consequence of scaling the device brings about other benefits. To be
more specific, the decrease in the size of interconnects reduces the distance that electrons have
to travel, which in turn reduces the resistance that they encounter along the journey. There is a
direct correlation between this decrease in resistance and improvements in circuit delays, power
consumption, and speed [5]. As a general rule, a MOSFET device is considered to be in a state
of shortness when the channel length reaches a size that is equivalent to the depletion-layer
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widths of both the source and the drain. This results in the appearance of what is popularly
known as short-channel effects (SCEs). In order to prioritize the effective gate length, it is a
principle that is generally acknowledged. This concept requires that the effective gate length
be greater than the thickness of the dielectric oxide zone by a factor of at least forty
(Lg>40*Tox) [6], [7]. In the nanoscale realm, this would result in further limits being placed
on the scalability of the system.

Researchers have developed an approach that involves the employment of high-k Dielectric
(HK) oxide materials in combination with metal gate (MG) for advanced / non-planar field-
effect transistor (FET) architectures such as FinFETs [8], [9]. This strategy was developed in
order to alleviate the inherent restriction that has been identified. The covalent bonds that are
shown by elements that belong to group III-1V is, without a doubt, fascinating components of
the two-dimensional (2D) materials class [10]. The HK elements, namely Hafnium Oxide
(HfOy), Lanthanum Oxide (La>03), and Lanthanum Aluminum Oxide (LaAlO3), each having
a dielectric constant of k=24, 25 and 30 respectively, are characterized by exceptional
properties, including smooth surfaces, the absence of dangling bonds, and an atomic thinness
that is genuinely astounding [11], [12]. As a consequence of this, electronics that are based on
these materials display significant electron mobility and large ON/OFF current ratios [13], [14].
In the context of HK dielectrics, which display increased oxygen diffusivities at elevated
temperatures, it is realistic to predict the occurrence of fast oxygen diffusion through the oxides
when exposed to annealing processes that are accompanied by an excessive quantity of oxygen
that is present [14], [15]. Each of the dielectric kappa (k) materials is shown in Table-2, along
with their associated energy band gaps. The device's performance is significantly enhanced
when high-k dielectric materials are used in its construction. An example of this would be the
generation of a gate capacitance (Cg) and ON-current (Ion) that are comparable when a 2nm
film of SiOz> 1s used in conjunction with a 12nm film of HfO; gate material.

The evaluation of a HK dielectric as a suitable alternative for SiO; is critically dependent on
the mobility assessment, which acts as a fundamental component in the evaluation process. A
number of transistor measures are significantly impacted by the technique that was just
described. These metrics include, but are not limited to, saturation drain current (Ia(sat)),
Electric field distribution, threshold voltage (Vw), transconductance (gm), Drain Induced
Barrier Lowering (DIBL), and subthreshold swing (SS). There are a number of benefits that
may be obtained via the use of FInFET technology in conjunction with HK-MG. The most
important of these benefits is the lowering of the subthreshold swing, which can be achieved
while simultaneously maintaining a low level of DIBL effect [16]-[19].

II. METHODS & MATERIALS

To provide a theoretical foundation for FinFETs, electrostatic knowledge must be combined
with quantum mechanics effects, particularly in the setting of ultra-scaled devices. The multi-
gate construction of FinFETs provides a significant advantage over standard planar MOSFETs.
This arrangement provides good gate control over the channel, leading in a considerable
decrease in leakage current and improved switch-on and switch-off performance. By enclosing
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the gate on three sides of the fin, the electric field is equally distributed over the channel,
increasing scalability without sacrificing power consumption or performance. The device
driving current (I4(sat)) and threshold voltage (V) are heavily dependent on its height (Hgn),
width (tan), and HK-MG materials. The fin’s aspect ratio rises as technology advances,
resulting in enhanced electrostatic control. However, this advancement has also presented
issues in maintaining industrial regularity and reducing variability. Furthermore, the
mechanical stress generated by the fin structure may be employed to increase carrier mobility
via strain engineering.

The DG-FinFET employs a dual-gate construction, with gates located on the sides of a fin-
shaped silicon device. The conceptual framework of all such critical aspects is explored, and
the device characteristics are represented in Table-1 for the 7nm technology node. A FinFET
device is symmetrical, and it is hard to distinguish between them without the bias applied.
Shallow trench isolations (STI), are used in bulk FinFET device design to isolate several
devices generated on the same substrate. Figure-1 depicts the revolutionary three-dimensional
(3D) structure of bulk FinFET (Fin Field-Effect Transistor) devices, which overcomes the
drawbacks of ordinary planar MOSFET and represents a significant advancement in
semiconductor technology. Additional technical aspects for bulk-FinFETs include field oxide
or thickness (Tox), which is utilized to separate adjacent devices. FInFETs are manufactured
using the same technology as CMOS. Nonetheless, there are certain stages or modules in the
process that need further limitations and optimization. For example, such criteria include
maintaining the fin critical dimension (CD) and Hiin.

Table 1: 7nm FinFET Device Parameters

Parameter Value

Channel Length (L) 15nm

Channel Width (W) 7nm

Channel Height (H) 18nm

Oxide Thickness or thickness of the fin (tox / tfin) 6.5nm

Gate Length (L,) 30nm

Source or Drain Length (Ls or Ly) 2nm

Source of Drain Overlap to Gate 0.2nnm

Source or Drain Doping concentration 3.00E+26 cm-3

Channel Doping 2.86.00E+25 cm-3

Gate Voltage (V) 0.7V

Temperature 300k

Drain Voltage (Vq) 0.01 — 0.69V
Silicon Dioxide (SiO> )

. . Hafnium Oxide (HfO,

Oxide Material Lanthanum Oxicge (La2)03 )
Lanthanum Aluminium Oxide (LaAlO3 )

Gate Material Gallium Arsenide (GaAs)
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Figure 1: 3D FinFET Structure

The fin-like structure protrudes vertically from the substrate and conducts current,
distinguishing FinFETs from conventional MOSFETs. Compared to planar structure, wrapping
the gate electrode around the fin increases electrostatic control. This configuration which
covers three sides of the fin and dramatically affects the channel.

Height (Hpn), breadth (tfn), and length (Lg) are the fin's most important measurements since
they affect electrical properties. Less fin width gives the gate better channel control. The fin's
height increases channel area, which may boost driving current. These fins have strongly doped
source and drain portions on either side for carrier injection into the channel.
The gate-to-source voltage (V) and drain-to-source voltage (Vgs) determine FiInFET modes.

Due to minority carrier dispersion, only a limited amount of leakage current occurs in the
subthreshold region (Vg < Vm). This mode is essential for low-power, low-leakage
applications. When Vg > Vi, and Vs 1s low, the device enters the linear (or ohmic) region,
where current increases linearly with Vs.

Analog applications may profit from this voltage-controlled variable resistor-like behavior. The
gadget becomes saturation (or active) when Vs rises. Current is essentially steady as voltage
increases in this region. In digital switching applications, this mode offers a stable current for
dependable operation.

The threshold voltage (V) is crucial to FInFET functioning. This impacts the gate voltage
needed to establish a source-drain conductive channel. Besides gate material, doping
concentrations, and fin dimensions, several other parameters affect this threshold. FinFETs
offset SCEs better than planar MOSFETs. FinFET functioning requires regulating self-heating
effects (SHE), which are caused by the thin fin's higher current density.

Thermal management is important because self-heating may affect device performance and
dependability. Despite its drawbacks, FInFETs have several benefits. The wrap-around gate
design improves electrostatic control, reducing leakage currents and improving performance.
FinFETs' scalability enhances Moore's Law, enabling smaller, more efficient, and more
powerful transistors.
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Table 2: High-k Dielectric Materials

. Dielectric (k) Permittivity, € Band Gap , E
HK Material kappa-value (F/m) » (eV)p i
Silicon Dioxide (SiO> ) 3.9 7.5 9
Silicon Nitride (Si3Ng) 7.5 8.5 5.3
Aluminium Oxide (ALO3) 9 10 7
Hafnium Silicide (HfSiO, ) 11 10.8 6
Lutetium Oxide (LuxO3) 15.95 12.4 5.5
Lanthanum Zirconate (La,Zr,07 ) 16.4 18 4
Cerium Oxide (CeO» ) 20 23 6
Zirconium Oxide (ZrO») 23 23 6
Hafnium Oxide (HfO,) 24 25 6
Lanthanum Oxide (La203) 25 26 6
Lanthanum Aluminium Oxide (LaAlO3 ) 30 29 5.6
Hafnium Titanium Oxide (HfTiO, ) 60 43 5.7
Manganese Dioxide (MnO2) 101.5 85 3.05
Niobium Oxide (Nb,Os) 200 169 -
Table 3: Metal Gate (MG) Materials
Parameters / Metal Gate (MG) Material Si Ge GaAs InN GaN
Dielectric Constant 11.7 16.2 12.9 15.3 10.6
Bandgap eV 1.12 0.8 1.42 1.97 3.28
Electron Affinity, eV 4.05 4 4.07 4.7 1.84
Gate Work Function, eV 4.6 4.8 4.69 4.7 4.1
Electron Effective Mass, Kg 0.19 0.22 0.063 0.12 0.13
Density, kg/m? 1.18 5.32 5.32 6.81 -
Electron Mobility,m?/V-s 1400 4000 9000 250 1500
Hole Effective Mass, kg 0.16 0.34 0.082 0.27 1.4
Hole Mobility, m*V's 450 2000 100 50 40

In advanced MOS technology, the high-k dielectric is employed with metal gates. This is due
to the high dielectric constant and broad bandgap of high-k dielectrics. HfO», a high-k dielectric
with a permittivity of 25 and a bandgap of 5.7 eV, is usually used as the gate dielectric for n-
and p-FinFET devices. HfO> has a high heat of synthesis, good thermal and chemical stability
on silicon, and a high barrier height at silicon surfaces. The leakage current in HfO; dielectric
films is much lower than that in SiO; films with the same equivalent oxide thickness (EOT)
for operating voltages between 1 and 1.5 micro-volts (uV). To incorporate HfO, for sub-22 nm
FinFETs, the thermal instability of the HfO,/Si contact is one of the biggest challenges. HfO»/Si
is thermodynamically stable in principle, but an inevitable SiO2 interlayer occurs between the
HfO2 and the silicon substrate. Table-2 and Table-3 shows the high-k dielectric and metal gate
technology parameters. The low carrier density of polysilicon limits its depletion depth to a
few angstroms. Despite its low carrier density, polysilicon possesses mild metallic properties.
A good-grade metal has a greater carrier density and a lesser depletion depth of 0.5 A, according
to the comparison. Poly-Si may be replaced with a common metal to lessen depletion damage.
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I11. RESULTS AND DISCUSSIONS

The modeling of FInFET device architectures using HK-MG materials is an important step
toward understanding their performance and future applications. This section describes the
methods and results of modeling FinFET devices employing high-k dielectrics like HfO,,
LaxOs3, and LaAlOs3 in contrast to standard SiO», as well as metal gate materials like GaAs.

3.1 Electric Charge Densities

The number of holes (positively charged carriers) contained inside a semiconductor material is
referred to as its charge density. A higher hole charge density suggests more positive charge
carriers, which improves the conductivity of p-type semiconductors. In contrast, a fall indicates
a smaller concentration of holes, which reduces the materials conductivity. Devices such as p-
type transistors and diodes need a high hole density to ensure effective hole conduction.
Materials having a limited number of holes may be appropriate for applications needing high
resistivity. Electron charge density quantifies the amount of electrons (negatively charged
particles) in a semiconductor material. An increase in electron charge density implies a greater
number of negative charge carriers, increasing the conductivity of n-type semiconductors. In
contrast, a decrease in electron charge density implies a drop in the number of electrons,
lowering the material's conductivity. High electron density is required for n-type transistors and
other electronic devices that depend on efficient electron conduction, but low electron density
materials may be used in applications that need low conductivity.
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Figure 2: Hole Charge Density for HK materials HfO2, La2O3 and LaAlO3 and MG
material as GaAs in comparison to SiO2

@ 102V 19.108



Seybeld

REPORT

SSIEaESat DOI: 10.5281/zenodo.13283086

E
o Si02 HfO2 Laz2AlO3
";5 10* e+18
-
c
- 8*et18
>
=
wv
c 6% e+18
1)
(]
g’n 4* e+18
—
4]
i —
o 2* e+18
c
o
-
rar)
o 0
2 Source Channel Drain
Ll

Along Channel Length, Lin um

Figure 3: Electron Charge Density for HK materials HfO2, La2O3 and LaAlOs and MG
material as GaAs in comparison to SiO2

Among the materials shown in Figures-2 and Figure-3, HfO; has the greatest density of hole
charges, as seen by a prominent peak suggesting rapid hole accumulation. La;O3 and LaAlO;
exhibit modest peaks, indicating a well-balanced rate of hole accumulation suitable for
applications that need intermediate performance. SiO; has the lowest charge density, which
means that holes develop slowly and reliably. This property makes it appropriate for
applications requiring long-term stability. The electron charge density graph demonstrates that
HfO> has the greatest density once again, as seen by a distinct peak, demonstrating effective
electron accumulation. La;O3 and LaAlO; have low peaks, indicating their viability for
applications that need equilibrated electron buildup. SiO> has the lowest electron density,
suggesting that electrons accumulate steadily and continuously. This characteristic might be
advantageous for applications that need low electron reactivity.

3.2 Electric Field Distribution

The distribution of electric fields in a semiconductor material has a significant impact on carrier
mobility and device performance. Improving the electric field may boost carrier mobility and
hence improve device performance. However, it is critical to understand that this increase in
electric field may result in material breakdown or damage. On the other hand, reducing the
electric field is safer for the material but may limit carrier mobility. High electric field materials
are often employed in high-speed and high-frequency devices that need quick carrier transport,
while low electric field materials are better suited for low-power, long-lasting devices.
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Figure 4: Electric Field Distribution for HK materials HfO2, La2O3 and LaAlOs and
MG material as GaAs in comparison to SiO2

The electrical field distribution Figure-4 demonstrates that HfO; has the greatest peak electric
field, suggesting that it is appropriate for high-field applications. La;O3; and LaAlO; have small
field distributions, making them ideal for intermediate applications. SiO> has the best electric
field distribution, but it is restricted by the larger electric field distribution at the source-drain
ends caused by increased charge injection when compared to HfO2, La>O3, and LaAlOs.

3.3 Electro Static Potential

The voltage distribution within a semiconductor has a significant impact on carrier movement
and device behavior since it is directly tied to the electrostatic potential. A higher electrostatic
potential may result in more significant carrier movement, thereby improving device
performance, while a lower potential may diminish carrier movement, reducing device
efficiency. High-speed transistors, for example, depend substantially on electro-statically
charged materials. Materials with lower potential are more suitable for applications that need
stability and low power consumption. The electrostatic potential illustrated in Figure-5 shows
that HfO», La>O3, and LaAlO3 have the highest potential. The depth of each curve shows the
magnitude of the electrostatic potential inside the channel area. SiO2 has the lowest potential,
making it ideal for applications that need a low electrostatic potential. According to the trend,
HfO», La;03, and LaAlO3 are more suited to high-potential applications than SiO».
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Figure 5: Electro static Potential for HK materials HfO2, La20Os and LaAlOs and MG
material as GaAs in comparison to SiO2

3.4 I-V Characteristics

I-V factors affect a material's conductivity and response to applied voltage. Current values may
be used to assess conductivity and performance in conducting devices. Higher levels often
indicate more conductivity, whilst lower values may be better suitable for insulating reasons.
High current materials are essential for powering and boosting performance in applications
requiring high power and speed, such as power transistors and amplifiers. Low current
materials are utilized when insulation or restricted conductivity are needed. This increases
stability and lowers power consumption. A device's threshold voltage (V) is defined as the
point at which the drain current significantly rises. HfO2, La20s, and LaAlOs have lower
threshold voltages than SiO-, resulting in an earlier rise in drain current. HfO:, La20s, and
LaAlOs have higher drain currents than SiO: over the threshold voltage. The steeper slopes
illustrated in Figure-6 indicate better on-state performance, meaning that devices with high-k
dielectrics can sustain higher driving currents. In the case of SiO», the threshold voltage is
higher and the drain current rises less sharply, indicating less effective gate control and lower
drive current capability. HfO2, La.Os, and LaAlOs have lower threshold voltages and steeper
rises in drain current, indicating improved gate control and drive current capabilities. This is
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consistent with the high dielectric constant, which increases gate capacitance and control.
Furthermore, LaAlOs provides a greater drain current than HfO» and LayOs.

B soz | Ho2 i La2n03

Current, A/um

Voltage, V

Figure 6: 1-V Characteristics for HK materials HfO2, La203 and LaAlO3 and MG
material as GaAs in comparison to SiO2

3.5 Subthreshold Slope (SS)

The subthreshold swing evaluates a transistor's efficiency in transitioning from off to ON state.
SS values may be used to determine the efficiency of switching in a device. Higher values
indicate less efficient switching, requiring more voltage to turn the item on. Lower SS values,
on the other hand, indicate more efficient switching, allowing the device to be turned on with
less voltage. Devices with low SS are advantageous for low-power applications because to their
energy economy while transitioning between states. Devices with high SS may use more power
and generate more heat, rendering them unsuitable for power-sensitive applications. When
looking at the subthreshold swing in Figure-7(a), it is evident that HfO; has the steepest slope,
suggesting that it is less effective in terms of subthreshold swing. La>O3; and LaAlO3 have mild
slopes, indicating more efficiency than HfO,. SiO> has the steepest slope, suggesting great
efficiency in subthreshold swing, rendering it unsuitable for low-power applications.

3.6 Threshold Voltage (Vth)

Threshold voltage Vu, is crucial to semiconductor device operation, especially field effect
transistors (FETs). The threshold voltage is the lowest gate voltage necessary to establish a
conductive connection between the source and drain terminals. The threshold voltage has a
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substantial influence on transistor performance since it controls the transistor's switching
characteristics. When the threshold voltage is raised, the transistor needs more voltage to
activate. These qualities may result in slower switching rates and lower current flow, which
may be advantageous in applications that need low power consumption and excellent noise
margins. However, very high threshold voltages may impair the device's responsiveness and
efficiency in high-speed applications. As illustrated in Figure-7 (b), when the threshold voltage
lowers, the transistor may operate at a lower voltage. This performance boost results in quicker
switching and better current driving capabilities. This is ideal for applications requiring high
speed and performance. However, excessively low threshold voltages might result in higher
leakage currents and power consumption while the device is not in use, which is undesirable
in low-power environments. An optimal threshold voltage is crucial for achieving a balance
between performance and power consumption in semiconductor devices. Materials like HfO»,
LaxOs3, and LaAlOs are ideal for applications requiring consistent and predictable performance
because they can maintain a stable threshold voltage under changing conditions. SiO2 may not
be the ideal choice for certain applications due to a significant drop in threshold voltage.
However, this propensity may be mitigated by addressing certain conditions. Understanding
and controlling the threshold voltage is essential for creating high-performance, dependable
semiconductor devices.

- Sio2 - HfO2 - La2Al03

Threshold Voltage, Vth in V'

(a) (b)

Subthreshold Swing, S in mV/dec

Drain Voltage,Vd in V

Figure 7: (a) SS, (b) Vi for HK materials HfO2, La20s and LaAlOs and MG material as
GaAs in comparison to SiO2

3.7 Transconductance (gm)

Transconductance describes how a transistor's output current changes in response to variations
in the input voltage. A higher transconductance implies stronger amplification and increased
gain in the transistor, while a lower transconductance indicates poor amplification and lowered
gain. Amplifiers and high-frequency applications need materials with high transconductance
levels. These materials are crucial for achieving high gain and responsiveness. Materials with
low transconductance may be employed in applications that need signal stability and lowest
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gain, resulting in consistent performance and lower power consumption. The transconductance
graph from Figure-8 reveals that LaAlO3 has the highest transconductance, suggesting that it
is ideal for high-performance applications. La;O3; and HfO; have strong transconductance,
making them suitable for applications requiring balanced performance. SiO> has the lowest
transconductance, making it suitable for situations where high transconductance is not an
important issue.

I sio2 B Hro2 Bl L22A03

/>~

[ —

Transconductance, gm in S/um

Source Channel Drain
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Figure 8: Transconductance for HK materials HfO2, La203 and LaAlOs and MG
material as GaAs in comparison to SiO2

3.9 Drain Induced Barrier Lowering (DIBL)

DIBL is a phenomenon in MOSFETs in which the threshold voltage falls as the drain voltage
increases. Higher DIBL values indicate higher short-channel effects, which may cause a
reduction in threshold voltage and possibly unstable device behavior. Lower DIBL values
imply greater management of these effects, resulting in a more stable threshold voltage.
Devices with low DIBL are best suited for applications that need both high performance and
low power consumption. This is due to their ability to stay consistent and predictable. Excessive
DIBL may result in leakage currents and device failures, particularly in cutting-edge, small
technologies. Figure-9 demonstrates that SiO; has the highest DIBL values, indicating
sensitivity to short-channel effects. LaxO3 and LaAlO; had lower DIBL values, suggesting that
they control short-channel effects more effectively than HfO,. LaAlOs; has excellent control
over short-channel effects, producing the lowest DIBL values. This characteristic makes it
perfect for applications that demand precise control over this parameter.
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Figure 9: DIBL for HK Materials HfO2, La203 and LaAlOs and MG Material as GaAs
in Comparison to SiO2

3.9 Transconductance Sensitivity (Sgm).

Transconductance (gm) in FInNFET devices is a fundamental property that measures the device
ability to control the drain current (Ia(sat) or Ion) using the gate voltage (V). This feature is
crucial for increasing device performance, especially in analog and RF applications. The
transconductance of a FinFET is affected by the physical size of the fin and gate, as well as the
gate oxide capacitance, carrier mobility, and threshold voltage. The transconductance is often
expressed mathematically by the following equation (1).

dlg

Im = Vg (1)
The transconductance sensitivity Sgm in mS/K is given by equation (2)
Sgm = 2% in mS/k )

From Figure-10, it is evident that the transconductance sensitivity of the FinFET nanosensor is
strongly temperature dependent, diminishing as the temperature rises. Moreover, the sensitivity
of the FinFET device remains consistent over the temperature range, demonstrating that it is
less sensitive to temperature fluctuations than the nano-sensor. The FinFET nanosensor has a
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wider sensitivity range (mS/°C), making it more suitable for applications requiring high
sensitivity at low temperatures. The FInFET device offers a moderate and consistent sensitivity
(mV/°C), which may be advantageous for applications requiring consistent performance across
a wide temperature range. The graph compares the temperature sensitivity of FinFET
nanosensors to conventional FinFET devices. At low temperatures, the FinFET nano-sensor is
very sensitive, but its sensitivity decreases significantly as temperature increases. In contrast,
the FinFET technology maintains continuous sensitivity across a broad temperature range. This

information is crucial for selecting the appropriate FInFET type based on the application's
specific temperature requirements.

wn
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Sensitivity of FInFET
NanoSensor
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Temperature Sensitivity, S
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Figure 10: FinFET Nanosensor’s temperature Sensitivity, S using voltage and
transconductance based approaches in comparison to the FinFET’s device sensitivity

3.10 Seebeck Coefficient (S)

The Seebeck coefficient (S) is a measurement of the thermoelectric voltage generated by a
temperature difference across a material. It specifies the kind of charge carrier and the direction
in which they travel inside the material when subjected to a temperature difference. The
Seebeck coefficient in n-type FInFET devices is often negative, which may be explained by the
nature of charge carriers and the thermoelectric effect in semiconductors. In n-type
semiconductors, electrons constitute the majority of charge carriers. When a temperature
gradient is applied, electrons go from the hot side (higher energy) to the cold side (lower
energy). Because electrons are negatively charged, their travel causes a negative voltage
difference. Because electrons are traveling towards the colder region, conventional current
(measured in terms of positive charge flow) seems to flow in the opposite direction of electron
movement. This yields a negative Seebeck coefficient.

The simulation findings reveal a high saw beck coefficient of larger than -250 uV/K at T=275k,
which lowers further to -378 uV/K at T=450k. A high Seebeck coefficient in temperature
sensors may enhance sensitivity, making S > -250 uV/K a useful value for reliable temperature
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measurement applications. A higher Seebeck coefficient in thermoelectric generators may
improve efficiency, but it must be balanced against the material's ability to conduct electricity
and manage heat.

IV. CONCLUSION AND FUTURE WORK

In this work, the performance metrics of a 7nm FinFET device employing high-k (HK)
dielectric oxide materials with dielectric constants (k) of 24, 25, and 30, as well as Gallium
Arsenide (GaAs) as the metal gate material is examined. Our research shows that HK dielectric
materials, such as Hafnium Oxide (HfO.), Lanthanum Oxide (La:0s), and Lanthanum
Aluminum Oxide (LaAlO:s), considerably enhance FInFET device performance over standard
Si0.. Key performance parameters such as saturation drain current (Id(sat)), electric field
distribution, threshold voltage (Vth), transconductance (gm), Drain Induced Barrier Lowering
(DIBL), and subthreshold swing (SS) all demonstrate significant improvements. High-k
dielectrics provide larger electron and hole charge densities, better electric field dispersion, and
increased electrostatic potential, making them ideal for high-performance nanoelectronics
applications. Additionally the studied voltage sensitivity was found to be 23mV/°C with a
transconductance sensitivity of 66mS/°C and see beck coefficient of S > -250 uV/K. This
research indicates that HK dielectrics are better alternatives to traditional SiO: in the
development of breakthrough FinFET technology.

Future research will concentrate on improving the integration of high-k dielectric materials in
FinFET architectures to improve their performance and reliability. Specific areas of interest
are: Thermal stability, scaling down, material innovations, device variation, and advanced
modeling methodologies.
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