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ABSTRACT 

This study proposes a new configuration called Hetero-

stacked Dual Metal Gate Tunnel Field-Effect Transistor 

(HS-DMG-TFET). The suggested device showcases 

enhanced ON-state current (ION), a heightened ION/IOFF 

current ratio, and decreased sub-threshold swing, 

representing a substantial advancement in both DC and 

switching performance compared to existing TFET 

topologies. The proposed design includes a dual-metal 

gate featuring Molybdenum and Aluminium, which 

overlaps with the Si-Ge pocket. The resulting 

modifications in electron flow and tunneling behavior 

within the device lead to improvements in various 

performance metrics. Significantly, an ION/IOFF ratio of 

~1014 is attained, with an ON-state current of 1.41 × 10-3 

A/μm and an OFF-state current of 1.17 × 10-17 A/μm. The 

device also exhibits a significantly reduced sub-threshold 

slope, measuring 9.52 mV/dec, indicating superior 

transient performance. These DC characteristics 

underscore the potential of utilizing composite material 

gates for low-power applications, showcasing their 

advantages over traditional single-metal counterparts. 

Besides, enhanced transconductance and other RF 

performance metrics have been obtained for suggested 

device which confirms the device's suitability for a variety 

of analog and RF applications.  

Keywords: Tunnel-Field-Effect-Transistor, Subthreshold 

Slope, Composite-Gate, Molybdenum, Low Power, High-

Frequency Applications 

I. INTRODUCTION 

All microprocessors are designed using CMOS 

transistors. The microelectronics industry has been 

significantly influenced by MOSFET design in recent 

decades, as it boasts notable advantages such as minimal 

power dissipation, a broad range of supply voltages, noise 

tolerance, and high packaging capacity that contribute to 

improved efficiency [1].The semiconductor industry 

minimizes device size, aiming for superior compactness 

or reduced die area, and enhanced functionality. However, 

aggressive scaling beyond a certain threshold negatively 

impacts system efficiency, diminishing its effectiveness in 

RF and low-power applications [2]. Significantly, the 

effort to scale MOSFETs in alignment with Moore's law 

has encountered limitations termed as short channel 

effects [3]. At the same time, the significance of power 

management has increased. as technology scaling 

advances, leading to substantial short-channel effects 

(SCEs). Various SCEs, such as DIBL, threshold voltage 

roll-off, heightened IOFF, deterioration in the ION/IOFF (ON-

current to OFF current ratio), and increased gate leakage 

current (Ig) [4]. Hence, there is a growing need to explore 

alternative technologies capable of surpassing the 

restrictions of CMOS technology, presenting a potential 

future solution and acting as a successor to traditional 

MOSFETs [5]. 

The Tunnel Field-Effect Transistor (TFET) was 

introduced as a superior alternative to the MOSFET, 

leveraging the advantages of quantum tunneling. 

Capitalizing on its Band-to-Band current conduction 

mechanism, TFET stands out as a promising device 

capable of achieving sub-60 mV/decade subthreshold 

swing (SS). The unique characteristics of TFET, including 

its Band-to-Band Tunnelling (BTBT) current conduction, 

contribute to mitigating Short-Channel Effects and 

achieving low OFF-state current (IOFF). These features 

position TFET as an energy-efficient solution for use in 

low-power applications, making it a viable candidate for 

transitioning to a more power-efficient technology [6]. 

However, the drain current of TFET continues to pose a 

challenge, despite offering a favorable ION/IOFF ratio, 

which supports its potential as a replacement for 

traditional MOSFETs. Certain engineering systems 

involving structural and material modifications have been 

successfully implemented [7]-[8], to concurrently 

enhance current, reduce leakage current, and achieve a 

steeper subthreshold slope. Utilizing the same materials in 

the source, channel, and drain regions leads to a 

diminished drain current in TFETs in contrast to 

MOSFETs. This is due to the dependence of electron 

tunneling from the source to the channel on the energy gap 
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between the valence band of the source and the 

conduction band of the channel. 

The utilization of materials characterized by narrow 

energy band gaps, such as germanium (Ge) and silicon 

germanium (Si-Ge), is a deliberate approach to enhancing 

the performance of tunnel field-effect transistor 

structures. This deliberate material selection aims to 

narrow the energy band gap, resulting in a more 

pronounced exponential increase in the probability of 

band-to-band tunneling within the device [9]. The 

adoption of germanium in the source region is 

instrumental in reducing noise levels and enhancing the 

ON current [10]. To optimize the tunneling effect in 

TFETs, P-Pockets are employed. However, a significant 

challenge lies in the substantial tunneling resistance at the 

tunneling junction, which limits the ON-state current of 

TFET and thereby constrains its applicability in high-

speed integrated circuits [11]. As per studies [12]-[13], 

employing dual metal gate (DMG) configurations, 

featuring distinct work function metals (with a tunneling 

gate positioned near the source and an auxiliary gate 

positioned near the drain), proves to be an efficient 

method for mitigating short-channel effects in TFET 

devices without introducing any negative impacts. By 

considering the advantages associated with DMG like, 

2D-material, variable band gap, good carrier mobility, low 

OFF-state leakages, and compatibility with High-K 

dielectrics. Moreover, the fast-growing wireless 

communication sector drives demand for crucial RF and 

AMS technologies in the semiconductor industry [11]. 

Therefore, a comprehensive study on the RF 

characteristics of the proposed structures was conducted 

in this work. The investigation involved detailed analysis 

and simulations to assess performance. Various 

parameters were evaluated to ensure accuracy and 

reliability of the findings. The results provide valuable 

insights into the RF behaviour of this proposed structure. 

The proposed HS-DMG-TFET has been evaluated against 

several recently introduced TFETs featuring distinct 

device topologies, as illustrated in Table I. The proposed 

device demonstrates an enhanced subthreshold slope 

(where a lower value is preferable) and ION/IOFF ratio when 

compared to alternative devices in the study. 

This study explores the effects of a hetero-stacked source, 

incorporating Si-Ge, a P-pocket design situated on the 

source side, and a dual material gate, on a range of device 

parameters. These parameters encompass drain current, 

sub-threshold swing, current switching ratio (ION/IOFF), 

and transconductance. 

 

 
TABLE I 

COMPARISON OF CHARACTERISTICS BETWEEN 

PROPOSED AND COMPARATIVE DEVICES. 

 

This paper presents hetero-stacked and DMG engineering 

aspects to improve the performance of the TFET. The 

paper is organized into five sections. Section I introduces 

previous works in the literature, Section II outlines the 

device topology. Section III details the simulation setup, 

including the employed models and methodologies, 

Section IV presents the results and initiates discussions, 

followed by Section V which concludes the paper and 

includes a compilation of the utilized references. 

 

II. STRUCTURAL DESCRIPTION AND 

EXPOSITION 

Fig. 1 illustrates the schematic depiction of the Hetero-

stacked dual metal gate Tunnel field effect, accompanied 

by a custom design specifically designed for low-power 

applications. The primary objective of this innovative 

device is to ensure optimal functionality while 

minimizing power consumption, irrespective of its 

designated application. Table II comprises the 

comprehensive set of structural dimensions regarding the 

proposed device. 

The HS DMG-TFET features a dual-layered source 

structure incorporating two distinct materials. The upper 

source layer utilizes silicon semiconductor material, while 

the underlying layer employs germanium, a 

semiconductor with a smaller bandgap compared to Si. To 

minimize leakage current, Si, with its larger bandgap, is 

employed in the channel and drain regions. The Ge layer 

in the source enhances band-to-band tunneling efficiency, 

leading to increased drain current with rising gate voltage 

[17]. This improvement in subthreshold characteristics 

results in a sharper average subthreshold swing. In the 

heterojunction setup, a P-layer pocket is introduced near 

the source-channel junction, leading to the bending of 

energy bands, and amplifying the ON current [18]. 

Molybdenum’s high melting point, low coefficient of 

thermal expansion, and low electrical resistivity make it 

an ideal material for enduring the thermal demands in 

semiconductor manufacturing compared to doped 

polysilicon. In the proposed design, the simulation 

incorporates distinct device parameters, incorporating a 

high-k dielectric material featuring HfO2 at a gate oxide 

Devices SS 

 (mV/dec) 

ION/IOFF 

ratio 

TM-ES-DGV TFET [14] 43 1011 

ESDG-TFET [15] 12.24 1012 

CSP-DMUN-TFET [16] 13 1011 

Proposed Device  9.52 1014 
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thickness of 2 nm. The gate comprises layers of aluminum 

and molybdenum positioned on top of the HfO2 [19]. 

The device setup proposed includes a total length of 100 

nm. Within this setup, the source, drain, and channel 

regions measure 20 nm, 27 nm, and 50 nm, respectively. 

Additionally, there's a p-pocket with a thickness of 3 nm, 

and the gate width (Wg) is 3 nm. The gate, comprising 

Aluminium and Molybdenum measures 27 nm and 25 nm, 

respectively, in the lateral direction. 

 

Fig. 1. Structure diagram of the proposed HS-DMG-TFET 

The drain, source, pocket, and channel regions each have 

a thickness of 20 nm. A 10 nm thick SiO2 box is used, 

followed by a substrate layer of 500 μm thick. The 

following represents the extrinsic doping profile: Source 

region is p-type which is heavily doped at 5 × 1019 cm-3, 

the drain is n-type moderately doped at 5 × 1017 cm-3, there 

is a p-pocket design doping at 1 × 1018 cm-3, the channel 

region which is p-type doped with a concentration of 1 × 

1016 cm-3, and the substrate is p-type doped at 1 × 1016 cm-

3. 

 
TABLE II 

OPTIMIZED DEVICE DIMENSIONS 

 

III. SIMULATION SETUP 

With the help of Sentaurus TCAD Tools Environment 

numerical simulation have been performed successfully 

[20]. Various models were utilized in the study, 

encompassing the OldSlotBoom model, the non-local 

BTBT model, the Shockley-Read-Hall (SRH) model, a 

doping-dependent model, and the Fermi model, as 

detailed in the below discussion.  The discussion carries 

the special functioning details of the different TCAD 

models. The OldSlotBoom TCAD model has a band gap 

narrowing model. The Non-local BTBT model has Inter 

Band tunnelling. For considering the quantization of 

carrier density gradient the SRH TCAD model is used. To 

activate Fermi-Dirac statistics, Fermi A TCAD model is 

utilized, incorporating variations in doping concentration 

to accurately represent the impact on carrier mobility [21]. 

 

IV. RESULTS AND DISCUSSION 

In this section, various electrical characteristics of the HS-

DMG-TFET are highlighted, encompassing both input 

and output features. Achieving favourable outcomes 

required precise optimization of device dimensions, 

materials, work function, and doping concentrations. To 

validate the accuracy of the simulation setup, the 

simulation data for the proposed device was calibrated 

against experimental data [22], as depicted in Fig. 2. The 

strong correlation between the two data sets confirms the 

reliability of the selected models. 

 

Fig.2. Calibration plot of the proposed TFET simulation and 

experimental data. 

A. DC CHARACTERISTICS 

The proposed design employs a composite gate consisting 

of two materials, namely Aluminium and Molybdenum, 

instead of a single material. These materials have distinct 

work functions, with M1 having a work function of       4.0 

eV and M2 having a work function of 4.53 eV. M1 

functions as the tunnelling gate and is composed of 

Aluminium, while M2 serves as the auxiliary gate and is 

composed of Molybdenum. Significantly, M1, positioned 

Parameters Symbols Values 

Source length (nm) LS 20 

Drain length (nm) LD 27 

Channel length (nm) LCh 50 

Pocket length (nm) Lp 3 

Substrate thickness (μm) tSUB 500 

SiO2 Box thickness (nm) tbox 10 

Auxiliary gate (Mo) length (nm) L1 25 

Tunneling gate (Al) length (nm) L2 27 

Gate pocket overlap (nm) LOV 2 

HfO2 thickness (nm) TOX 2 

Source/Drain thickness(nm) tS/tD 20 

Source doping (cm−3) NA 5 × 1019 

Channel doping (cm−3) NCH 1 × 1016 

Drain doping (cm−3) ND 5 × 1017 

Pocket doping (cm−3) NA 1 × 1018 

Auxiliary gate work function (eV) φM2 4.53 

Tunneling gate work function (eV) φM1 4.1 
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on the source side, features a lower work function, 

whereas M2, situated on the drain side, possesses a higher 

work function. This specific configuration enhances the 

ON/IOFF ratio compared to using a gate made of a single 

material [23]. 

The increase in ION can be attributed to the lower work 

function of tunneling gate material (Al) and overlap on the 

pocket region.  The decrease in IOFF can be attributed to 

the higher work function of the auxiliary gate material 

(Mo). Conversely, during the OFF state, the higher work 

function results in a reduction in overlap [24]-[25]. 

Conversely, the overlapping of the gate-pocket on the 

source side leads to higher band-to-band generation rate, 

as illustrated in Fig. 3(a), while Fig. 3(b) depicts variation 

of electron density throughout the proposed structure. 

Upon the application of gate voltage, it aligns the 

conduction band edge and valence band edge, causing 

them to approach each other closely, leading to the 

phenomenon of tunnelling, as illustrated in Fig. 3(c). The 

probability of tunneling is influenced by factors such as 

the height, width, and shape of the potential barrier, along 

with the mass of the charge carriers involved in the 

process. The rate of BTB tunnelling can be calculated 

using the Wentzel-Kramers-Brillouin (WKB) technique, 

as shown in equation (1) [7],[26]. 

𝑇(𝐸)  ≈ exp (
−4𝜆√2𝑚∗ 𝐸𝑔

3/2

3|𝑒|ℏ(𝐸𝑔+∆𝜑)
) ∆𝜑          (1) 

 

where m* is the reduced effective mass, Eg is the energy 

band gap, ћ is the reduced Plank’s constant, ∆𝜑 = energy 

range within which tunneling occurs, λ = tunneling length, 

e = electronic charge, and tsi / tox = silicon film / dielectric 

constant thickness. 

 

  
Fig. 3(a). Band to Band generation for proposed TFET. 

  

Fig. 3(b). Variation of eDensity throughout the proposed TFET. 

 

Additionally, Fig. 3(d) depicts the electric field graphs 

plotted with respect to lateral distance along the device 

length for the HS-DMG-TFET. Notably, the maximum 

electric field value observed for HS-DMG-TFET is 8.2 

V/cm. The heightened electric field in the HS-DMG-

TFET is primarily due to the proximity of a high-k 

dielectric near the source region, resulting in an elevated 

field at the junction of the source and channel. This 

enhancement in the band-to-band tunneling rate, 

consequent to the elevated field, contributes to a higher 

ON-state current [27]. 

The transfer characteristics of the proposed TFET were 

examined by adjusting the gate-source voltage VGS within 

the -0.2 V to 1.5 V range. The results obtained at three 

different VDS values, 0.5 V, 0.7 V, and 0.9 V, are shown in 

Fig. 4(a) where the drain current is presumed to be 

represented in the equation (2) [28]. 

( )

0

gs t
t

V V
V

dsI I e


− 
 

 =                     (2) 

 
Fig. 3(c). Energy band diagram for proposed TFET 
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Fig. 3(d). Plot of electric field with respect to device length of 

HS-DMG -TFET at VDS = 0.5 V 

where I0 stands for the subthreshold current, Vt denotes the 

threshold voltage, n represents the subthreshold slope 

factor, and the term 'exp' denotes the exponential function. 

Assuming that Vt is the threshold voltage, n is the sub-

threshold slope factor, and 'exp' is the exponential 

function, we get I0 as the sub-threshold current. The 

results show that the dual metal TFET performs as 

expected, with a subthreshold swing (SS) of 9.52 mV/dec 

at VDS = 0.9 V, a high on-current (ION) of 1.41 × 10-3 A/µm, 

and a minimal leakage current (IOFF) of 1.17 × 10-17 A/µm, 

as shown in Table III. 

TABLE III 

DC CHARACTERISTICS OF PROPOSED OPTIMIZED 

STRUCTURE 

 

 

Fig. 4(a). Transfer characteristics of the proposed structure 

 

The output characteristics for VGS values at 0.5 V, 0.7 V, 

and 0.9 V are shown in Fig. 4(b). The impact of BTBT 

becomes increasingly evident when VGS equals 0.9 volts, 

which raises the drain current. The on-current reaches 

saturation as the tunnelling rate reaches its maximum.

Fig. 4(b). Output characteristics of the proposed structure. 
 

B. ANALOG/RF PARAMETERS 

This section examines several key analog/RF 

performance parameters that are crucial in determining 

device performance. These parameters include total 

capacitance (Cgg), transconductance (gm), output 

transconductance (gds) and cutoff frequency (fT). 
The parameters mentioned above are determined by 

applying a 1 MHz frequency signal to the input port. 

Transconductance (gm) is vital for attaining a higher cutoff 

frequency. The attribute gm represents the change in drain 

current (IDS) in response to a change in gate-source 

voltage (VGS) while keeping the drain-source voltage (VDS) 

constant, as defined by equation 3 [29]. 

 

DS
m

GS

I
g

V


=


                  (3) 

The gm attribute is crucial for determining device gain and 

designing analogue circuits. To ensure optimal high-

frequency performance, the gm bias point must be 

sufficiently large.  Fig. 5 illustrates the transconductance 

of the proposed TFET. The plot shows that as VGS 

increases, gm rises until it reaches a maximum, then begins 

to decrease with further increases in VGS. This decline in 

gm is due to mobility degradation with rising VGS. The 

graph indicates that the proposed TFET achieves a high 

gm value of around 1.9 × 10-4 S. Therefore, the suggested 

TFET is suitable for high-frequency analog applications. 

 

Parameters Value Unit 

ION 1.41 × 10-3 A/µm 

IOFF 1.17 × 10-17 A/µm 

SS 9.52 mV/decade 

ION/ IOFF ratio 1.21 × 1014 Dimensionless 
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Fig. 5. Variation in transconductance with respect to VGS  

Moreover, output transconductance (gds) is the inverse of 

the device's output resistance. It represents how the drain 

current varies with the drain-source voltage and is 

described by equation 4. Fig. 6 highlights the significance 

of changes in output conductance with respect to VDS at 

VGS = 0.9 V. 

 

DS
ds

DS

I
g

V


=


                  (4) 

 

Additionally, for optimal RF performance, a low Cgg value 

is desirable. Fig. 7 provides details on the overall gate 

capacitance (Cgg) of the proposed TFET framework in 

relation to the gate voltage. The figure shows that the (Cgg) 

value decreases at higher gate voltage. Moreover, the 

cutoff frequency (fT) of the devices is directly related to 

gm and inversely related to the total parasitic capacitance 

(Cgg = Cgs + Cgd), The expression for fT is provided in 

equation 5 [25][29]. 

2 ( )

m
T

gg

g
f

C
=

                (5) 

 
Fig.6 Variation in Output Transconductance with respect to VDS 

 
Fig. 7. Characteristics of the Total Gate Capacitance 

 

Fig. 8 shows the fT characteristics for the suggested TFET. 

The plot indicates that fT increases with VGS due to the 

corresponding rise in gm. The plot shows that fT increases 

with VGS, which is due to the rise in gm with increasing 

VGS. However, fT begins to decrease with further increases 

in VGS, which is attributed to the combined effects of gate-

source capacitance (Cgs) and gate-drain capacitance (Cgd), 

as well as a reduction in gm due to mobility degradation. 

The plot demonstrates that the proposed TFET achieves a 

fT of approximately 86 GHz, which is higher than that of 

traditional silicon based TFETs. Therefore, the proposed 

TFET is suitable for high-frequency applications. 

 
Fig.8. Variation in cutoff frequency with respect to VGS  

 

V. CONCLUSION 

This paper explores the DC characteristics of a suggested 

hetero-stacked TFET structure featuring dual gate metals 

of molybdenum and aluminium, along with a Si/Ge 

pocket. The simulations of the presented TFETs are 

carried out using Sentaurus TCAD tool. When Aluminium 

and Molybdenum are employed as a dual gate composite 

material, there is an observed enhancement in the ION/IOFF 

ratio and a remarkable improvement in SS. The structure 

showcases outstanding performance in solid-state 
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applications, making it appropriate for high-speed 

switching devices. Moreover, its increased ION current 

capacity facilitates a larger fan-out, enabling the control 

of more devices. On the flip side, the decreased IOFF 

similarly plays a role in diminishing power usage when 

the system is inactive. In RF analysis, the FOM parameter 

exhibits a higher value compared to conventional TFETs, 

indicating that the suggested TFET may be more suitable 

for high-frequency applications. Based on the 

comprehensive RF and DC performance analysis, it is 

concluded that our suggested TFET (HS-DMG-TFET) is 

a superior candidate for low-power and high-frequency 

applications. 

REFERENCES 

[1] W. Haensch, E. J. Nowak, R. H. Dennard, et al, 

“Silicon CMOS devices beyond scaling”, IBM 

Journal of Research and Development, Vol. 50, July 

2006, doi: 10.1147/rd.504.0339 

[2] E. Abou-Allam, T. Manku, M. Ting and M. S. 

Obrecht, "Impact of technology scaling on CMOS 

RF devices and circuits," Proceedings of the IEEE 

2000 Custom Integrated Circuits Conference (Cat. 

No.00CH37044), Orlando, FL, USA, 2000, pp. 361-

364, doi: 10.1109/CICC.2000.852685  

[3] A. Chen, “Emerging research device roadmap and 

perspectives,” in Proc. IEEE Int. Conf. IC Design 

Technol., May 2014, pp. 1–4. doi: 

10.1109/icicdt.2014.6838616. 

[4] S. O. Koswatta, et al., "Performance Comparison 

Between p-i-n Tunneling Transistors and 

Conventional MOSFETs," in IEEE Transactions on 

Electron Devices, vol. 56, no. 3, pp. 456-465, March 

2009, doi: 10.1109/TED.2008.2011934. 

[5] A. C. Seabaugh and Q. Zhang, "Low-Voltage Tunnel 

Transistors for Beyond CMOS Logic," in 

Proceedings of the IEEE, vol. 98, no. 12, pp. 2095-

2110, Dec. 2010, doi: 

10.1109/JPROC.2010.2070470. 

[6] D. Das and U. Chakraborty, “A study on dual 

dielectric pocket heterojunction SOI tunnel FET 

performance and flicker noise analysis in presence of 

interface traps,” Silicon, vol. 13, no. 3, pp. 787–798, 

May 2020, doi: 10.1007/s12633-020-00488-0. 

[7] M. Kumar et al., “A comprehensive study of 

junctionless TFETs as a low power device,” Analog 

Integrated Circuits and Signal Processing, vol. 126, 

no. 1, Nov. 2025, doi: 10.1007/s10470-025-02534-6. 

[8] A. Shylendra, D. Sharma, Y. Kumar, and M. H. 

Vasantha, “Performance enhancement of novel 

INAS/SI Hetero Double-Gate Tunnel FET using 

Gaussian doping,” IEEE Transactions on Electron 

Devices, vol. 63, no. 1, pp. 288–295, Jan. 2016, doi: 

10.1109/ted.2015.2503141. 

[9] Utkarsh et al., “Analysis of an extended source C-

pocket TFET with fully overlapping dual metal gate 

for enhanced low-power and high-frequency 

performance,” Semiconductor Science and 

Technology, vol. 41, no. 1, p. 015002, Dec. 2025, 

doi: 10.1088/1361-6641/ae2ef5. 

[10] P. G. D. Agopian et al., “Influence of the source 

composition on the analog performance parameters 

of vertical Nanowire-TFETs,” IEEE Transactions on 

Electron Devices, vol. 62, no. 1, pp. 16–22, Jan. 

2015, doi: 10.1109/ted.2014.2367659. 

[11] L. Jun, Y. Liu, S. Wei, and C. Shan, “In-Built N+ 

pocket electrically doped Tunnel FET with improved 

DC and Analog/RF performance,” Micromachines, 

vol. 11, no. 11, p. 960, Oct. 2020, 

doi: 10.3390/mi11110960. 

[12] T. Krauss, F. Wessely and U. Schwalke, "Electrically 

reconfigurable dual metal-gate planar field-effect 

transistor for dopant-free CMOS," 2016 13th 

International Multi-Conference on Systems, Signals 

& Devices (SSD), Leipzig, Germany, 2016, pp. 681-

686, doi: 10.1109/SSD.2016.7473724. 

[13] A. Paul, P. Saha and T. D. Malakar, "Study of Device 

Performance of Dual Metal Gate Silicon on Insulator 

MOSFET Adopting Various Dielectric Materials in 

Gate Oxide," 2020 IEEE VLSI DEVICE CIRCUIT 

AND SYSTEM (VLSI DCS), Kolkata, India, 2020, 

pp. 229-233, doi: 

10.1109/VLSIDCS47293.2020.9179873. 

[14] Karmakar, P. Patil, and P. K. Sahu, “Triple Metal 

Extended Source Double Gate Vertical TFET with 

Boosted DC and Analog/RF Performance for Low 

Power Applications,” Silicon, vol. 14, no. 11, pp. 

6403–6413, Oct. 2021, doi: 10.1007/s12633-021-

01425-5. 

[15] T. Joshi, Y. Singh, and B. Singh, “Extended-Source 

Double-Gate Tunnel FET with improved DC and 

Analog/RF performance,” IEEE Transactions on 

Electron Devices, vol. 67, no. 4, pp. 1873–1879, Mar. 

2020, doi: 10.1109/ted.2020.2973353. 

[16] Zi-Miao Zhao et al., “Ambipolar performance 

improvement of the C-shaped pocket TFET with dual 

metal gate and gate–drain underlap,” Chinese Physics 

B, vol. 32, no. 10, p. 108502, Feb. 2023, doi: 

10.1088/1674-1056/acbaf3. 

[17] C. Wu, Q. Huang, Y. Zhao, J. Wang, Y. Wang and R. 

Huang, "A Novel Tunnel FET Design With Stacked 

Source Configuration for Average Subthreshold 

Swing Reduction," in IEEE Transactions on Electron 

Devices, vol. 63, no. 12, pp. 5072-5076, Dec. 2016, 

doi: 10.1109/TED.2016.2619694. 



 

                  AOI: 10.11234.202512.00042  
                         Proceedings of Applied Energy Systems and Computer Science 

______________________________________________________________________________________________ 

 

ISBN: 978-81-985770-9-2 

8 

 

 

[18] M. Kumar et al., “Performance trade-offs in 

Extended Channel Gate stacked Heterojunction 

Tunnel FET: Impact of SI1-XGeX mole fraction on 

DC, RF, TRAP, and noise characteristics,” 

Semiconductor Science and Technology, Sep. 2026, 

doi: 10.1088/1361-6641/aea246. 

[19] P. Ranade et al., “Molybdenum gate electrode 

technology for deep Sub-Micron CMOS 

generations,” MRS Proceedings, vol. 670, Jan. 2001, 

doi: 10.1557/proc-670-k5.2. 

[20] TCAD Sentaurus User Guide (2022) Version T-

2022.03, Synopsys Inc, Mountain View, CA, USA 

[21] A. Biswas, S. S. Dan, C. L. Royer, W. Grabinski, and 

A. M. Ionescu, “TCAD simulation of SOI TFETs and 

calibration of non-local band-to-band tunneling 

model,” Microelectronic Engineering, vol. 98, pp. 

334–337, Oct. 2012, 

doi: 10.1016/j.mee.2012.07.077. 

[22] F. S. Neves et al., "Low-Frequency Noise Analysis 

and Modeling in Vertical Tunnel FETs With Ge 

Source," in IEEE Transactions on Electron Devices, 

vol. 63, no. 4, pp. 1658-1665, April 2016, doi: 

10.1109/TED.2016.2533360. 

[23] K. Boucart and A. M. Ionescu, "Double Gate Tunnel 

FET with ultrathin silicon body and high-k gate 

dielectric," 2006 European Solid-State Device 

Research Conference, Montreux, Switzerland, 2006, 

pp. 383-386, doi: 10.1109/ESSDER.2006.307718. 

[24] S. M. T. Azam, A. S. M. Bakibillah, et al, "Effect of 

Step Gate Work Function on InGaAs p-TFET for 

Low Power Switching 

Applications" Nanomaterials 11, no. 12: 3166 2021, 

doi: 10.3390/nano11123166 

[25] K. N. Priyadarshani, S. Singh and A. Naugarhiya, 

“Dual Metal Double Gate Ge-Pocket TFET (DMG-

DG-Ge-Pocket TFET) with Hetero Dielectric: DC & 

Analog Performance Projections” Silicon (2022), 

vol. 14, pp. 1593–1604, doi: 10.1007/s12633-021-

00955 

[26] E. O. Kane, Theory of Tunneling”, journal of 

Applied Physics, vol.32, Jan. 1961, doi: 

10.1063/1.1735965. 

[27] M. Kumar, K. Koley, and A. Islam, “Hetero-

dielectric step-shaped double-gate TFET on 

SELBOX substrate with SiGe pocket: suppressed 

ambipolarity, comprehensive DC, RF, and noise 

performance evaluation under thermal variation,” 

Semiconductor Science and Technology, Feb. 2026, 

doi: 10.1088/1361-6641/ae42e1. 

[28] M. L. Naidu, M. V. Patnaik, S. K. Sinha, S. Chander 

and R. Chaudhary, "NCTFET Device for Low Power 

VLSI Application," 2023 International Conference 

on Sustainable Computing and Smart Systems 

(ICSCSS), Coimbatore, India, 2023, pp. 1127-1132, 

doi: 10.1109/ICSCSS57650.2023.10169217. 

[29] M. Kumar, G. Bhaskar et al, “Design, Simulation 

and Analog/RF Performance Evaluation of a Hetero-

Stacked Source Dual Metal T-shaped Gate Tunnel-

FET in Thermally Variable Environments” in 

Microsystem Technologies, April 2024, doi: 

10.1007/s00542-024-05677-0. 

 

 

 

 

 

 

 

 

 

 

. 

 

 

_______________________________________________ 

Cite this article as:    

Kumar M., Bhaskar G., and et. al. "A Simulation Study of 

Gate-Pocket Overlap Dual Metal Hetero- junction Tunnel 

Field-Effect Transistor", Proceedings of Applied Energy 

Systems and Computer Science, 2025, display as online 

September 2026. Link 

http://actsoft.org/science/act2025pro/26-ccsn2024.pdf, 

AOI: 10.100.234512.00042      

@Copyright to ‘Applied Computer Technology’, Kolkata, 

WB, India. Website: actsoft.org, Email: info@actsoft.org,  

ISBN: 978-81-985770-9-2 

http://actsoft.org/science/act2025pro/26-ccsn2024.pdf
info@actsoft.org
https://actsoft.org/science/act2025-pro/act-pro2025.html


  T  ( E )   ≈ exp  (   − 4 𝜆  2   m ∗       E  g  3 / 2  3 | e | ℏ (   E  g + ∆ 𝜑 ) ) ∆ 𝜑


  ∆ 𝜑

