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Tunnel field-effect transistors (TFETs) are widely recognized as potential alternatives to conventional
MOSFETSs for low-power applications because they exhibit ultra-low leakage current and excellent sub-
threshold performance. However, the large bandgap of silicon suppresses the BTBT rate at the source-
channel junction, thereby restricting the achievable ON-state current. This work proposes an InAs-based
Dual-Source Trench Gate Tunnel Field-Effect Transistor (DSTGTFET) in which the silicon sources and
pocket are replaced with Indium Arsenide (InAs), and the conventional air cavity is filled with HfOz. The
device was designed and evaluated using Synopsys Sentaurus TCAD with the models drift—diffusion
transport model, dynamic non-local Kane BTBT model, Shockley—Read—Hall (SRH) recombination, Fermi—
Dirac statistics, bandgap narrowing, and mobility degradation. The influence of HfOz cavity thickness was
investigated by varying it from 4 nm to 13 nm. The optimized device with a 9 nm cavity achieved an ON-
state current of 6.5 x 10-5 A, an OFF-state current of 3.27 x 10-16 A, and an Ion/Iorr ratio of approximately
2 x 1011, The threshold voltage was reduced from 0.75 V to 0.69 V, indicating improved switching charac-
teristics. The enhanced performance is attributed to the combined effect of the InAs source/pocket and the
HfO.-filled cavity, which improve carrier tunneling and gate control. These results demonstrate the suita-
bility of the proposed device for future low-power and high-performance integrated circuit applications.
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1. INTRODUCTION

TFET have emerged as one of the promising alter-
natives to conventional MOSFET, for future low-power
integrated circuits because current conduction is occurs
through band-to-band tunneling (BTBT) instead of
thermionic emission and also TFET provide very low
OFF-state leakage current and a steep subthreshold
swing, making them attractive for energy-efficient
applications and the performance of conventional sili-
con TFET is still constrained by their low ON-state
current provided in [1]. The wide bandgap and larger
carrier effective mass property of silicon results reduc-
tion in BTBT generation rate and limiting the current
drive capability of the device.

To overcome this problem, where the air cavity in
trench-gate TFET biosensors was replaced by dielectric
materials to alter the electric field distribution near the
tunneling junction was discussed in the given refer-
ence, this method increased the interaction between
the gate and channel while maintaining negligible
leakage current. Then the dual source concept with
trench gate structure formulates additional junctions
for resulting larger tunneling rate comparing with
conventional single-source configurations are discussed
in [2]. Further optimization of the trench geometry and
dielectric arrangement produced a more uniform elec-
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tric field distribution and improved the transfer charac-
teristics of the device given in [3, 4] and the silicon
TFETSs confirmed the feasibility of BTBT-based switch-
ing under low operating voltages, providing a reliable
foundation for device modelling and TCAD calibration
done experimentally that results are discussed in [5].
Among the above materials, engineering also be-
comes one of the most effective approaches for overcom-
ing the current limitation of silicon TFETs. III-V semi-
conductors [6, 7], particularly InAs and GaSb, provide a
narrower bandgap and lower carrier effective mass
than silicon [8] and allowing electrons to tunnel more
easily across the source-channel junction [9]. The dif-
ferent high-k gate dielectrics with source-pocket engi-
neering are investigated in [10] additionally with het-
erojunction device structural implementation reshapes
the electric field profile and shorten the tunnelling
distance are addressed in [11], advanced device re-
structure developments strategies with vertical device
architectures outlined in [12], dual-source configura-
tions examined in [13], and dual-channel trench-gate
structures discussed in [14] this leads to higher ON-
state current, lower threshold voltage, and improved
switching response are focused in [15]. Eventhough
things that work investigates and concentrate an InAs-
based Dual-Source Trench Gate Tunnel Field-Effect
Transistor (DSTGTFET) by replacing the conventional
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silicon source and pocket regions with InAs and substi-
tuting the air-filled trench cavity with a high-£ HfO2
dielectric. The device is analyzed by using Synopsys
Sentaurus TCAD to investigate the influence of HfO2
cavity thickness on gate electrostatic control, band-to-
band tunneling efficiency, threshold voltage, and cur-
rent transport. The case study identifies that optimum
cavity thickness for achieving enhanced switching per-
formance and demonstrates the potential of the devel-
oped architecture for future ultra-low power and high-
performance integrated circuit applications. The rest of
this paper has been dividing into the following sections
Device Structure Results and Discussions.

2. DEVICE STRUCTURE
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Fig. 1 - Schematic diagram of Conventional DM-DSTGTFET [2]
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Fig. 2 — Schematic diagram of Proposed InAs/HfO: DM-
DSTGTFET

Fig.1 shows the wvalidated conventional DM-
DSTGTFET, which serves as the reference device [2].
Fig. 2 illustrates the proposed InAs-DSTGTFET, where
the silicon sources and pockets are replaced with an InAs
and the air cavity is replaced with HfOz [6], while all other
structural dimensions remain unchanged for a fair com-
parison. The device consists of two P* InAs source regions,
N* InAs pockets, a lightly doped P-type silicon channel,
and an N-type silicon drain. The channel height, drain
height, pocket thickness, gate oxide thickness, and source
oxide thickness are 37 nm, 18 nm, 5 nm, 1 nm, and 2 nm,
respectively [2-4]. The cavity thickness is varied from
4 nm to 13 nm, the gate work function is 4.2 eV (optimized
to 4.6 eV), and the source, pocket, channel, and drain
doping concentrations are 1 x 1020, 1 x 1019, 1 x 105, and
1 x 107 cm —3, respectively [2].

The proposed device was simulated using Synopsys
Sentaurus TCAD. The simulations employed the drift—
diffusion transport model, dynamic non-local Kane
BTBT model, SRH recombination, Fermi—Dirac statis-
tics, bandgap narrowing, and mobility degradation
models [2, 3]. The electrical transfer characteristics
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were obtained by varying the gate voltage from 0 to
1.5 V under a fixed drain bias of 0.5 V. A refined non-
uniform mesh was applied near the tunneling junction,
and the InGaAs material database was calibrated to
represent the electrical properties of an InAs.

3. RESULTS AND DISCUSSION
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Fig. 3 — Comparison of simulation model with prefabricated
TFET [5]

Fig. 3 compares the published transfer characteris-
tics of the prefabricated TFET, with the corresponding
Synopsys Sentaurus TCAD simulation results at
Vb =1V. The close agreement between the two curves
confirms the accuracy of the calibrated TCAD model
and the adopted physical models [5].
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Fig. 4 — Transfer characteristics Comparison of Proposed
model with Conventional DM-TGTFET [2]
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Fig. 5 — Ion/Iorr Sensitivity of Proposed model with different
Cavity Thickness at Vp=0.5Vand Vo=1.5V
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The exponential increase in drain current (Ip) with
gate voltage reflects the dominant band-to-band tun-
nelling (BTBT) transport mechanism. henceforth, the
validated simulation framework is implemented to
evaluate the proposed InAs/HfO2 DSTGTFET.

Fig. 4 compares the transfer characteristics of the
conventional silicon-based TFET and the InAs/HfO:
DSTGTFET at Vp=0.5V with a cavity thickness of
4 nm. Both devices exhibit an ultra-low OFF-state
current of approximately 4.5 x 10-16 A, indicating ex-
cellent leakage suppression. Fig. 5 illustrates the varia-
tion of the Ip with HfO2 cavity thickness at Vp=0.5V
and Vo =1.5V. The Ip increases from 1.4 x 10-% A to
6.5x 10-> A as the cavity thickness increases from
5nm to 9nm, owing to enhanced gate electrostatic
control and improved BTBT tunneling. Beyond 9 nm,
the Ip decreases to approximately 3.2 x 10-5 A because
the thicker dielectric weakens the gate-to-channel cou-
pling and reduces the tunneling efficiency. Therefore, a
9 nm HfOz2 cavity thickness provides the optimum elec-
trical performance for the presented device.
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Fig. 6 — Effect of Proposed model with different Cavity Thick-
ness at Vp=0.5 Vand Vo =1.5Von Iox

The proposed device achieves a substantially higher
ON-state current of approximately 6.5 x 10-5 A (From
Fig. 6 at 9 nm cavity thickness (7c), compared with
10-6 A for the conventional device, owing to the en-
hanced band-to-band tunneling provided by the InAs
source/pocket and improved gate electrostatic control
from the HfOgz-filled cavity. Therefore, the presented
structure exhibits a higher Ion/Iorr ratio and improved
switching performance, demonstrating the effectiveness
of the optimized material engineering approach.

Fig. 6 illustrates the variation of the In with HfOq
filled different cavity thickness at Vp=0.5V and
Ve=1.5V. The Ip increases from 1.4x10->A to
6.5 x 10-% A as the cavity thickness increases from 5 nm
to 9 nm, owing to enhanced gate electrostatic control and
improved band-to-band tunnelling [13, 14]. Beyond 9 nm,
the drain current decreases to approximately 3.2 x 10-% A
because, the thicker dielectric weakens the gate-to-
channel coupling and reduces the tunneling efficiency.
Therefore, a 9 nm HfO2 cavity thickness provides the
optimum electrical performance for the novel device.
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Fig. 7— Vig of investigated model with different Cavity
Thickness at Va=1.5V, Vp=0.5V and k=23

Fig. 7 illustrates the variation of the threshold voltage
(Vry) with HfOq filled cavity thickness range from 4 nm,
7nm, 9nm and 13 nm at Vp = 0.5 V. The threshold volt-
age decreases from 0.75V at 5nm to 0.69V at 13 nm,
indicating improved gate control as the cavity thickness
increases. A more pronounced reduction is observed be-
tween 7 nm and 9 nm, whereas a marginal change occurs
beyond 9 nm. This behaviour indicates that a 9 nm HfO2
cavity provides the optimum balance between reduced
threshold voltage and enhanced switching performance
for the modified InAs-DSTGTFET.

4. CONCLUSION

An InAs-based Dual-Source Trench Gate Tunnel
Field-Effect Transistor (DSTGTFET) with an HfOs-filled
cavity was designed and evaluated using Synopsys Sen-
taurus TCAD. Replacing the conventional silicon sources
and pockets an InAs significantly, improved the BTBT
efficiency and enhanced the device performance. The
effect of HfOz cavity thickness was investigated over the
range of 4-13 nm, with 9 nm identified as the optimum
thickness. At this condition, the device achieved an Ionx of
6.5x 10-2 A, an Iorr of 3.27 x 10-16 A, and an Ion/Iorr
ratio of approximately 2 x 10!!, while the threshold volt-
age decreased from 0.75 V to 0.69 V. The improved electri-
cal characteristics are attributed to enhanced carrier
tunneling and stronger gate electrostatic control. It is
noted that demonstrate InAs/HfO: DSTGTFET is a prom-
ising device architecture for future ultra-low-power, high-
speed, and energy-efficient integrated circuit applications.
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IinBrnmenusa epeKTUBHOCTI TYHEJIBHOIO [IOJIBOBOI'0 TPAH3UCTOPA 3 TPAHIIENMHNUM 3aTBOPOM,
10 MAae€ MOABilHe ayKepeso, Ha 0oCHOBI InAs, NjIAX0OM BUKOPHUCTAHHA MOPOKHUHN, 3AIIOBHEHOI
HfO:2: nocainsxkernna merogqom TCAD
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Tyuensui monsosi Tpauauctopu (TFET) posriismaoTsesa AK mepeleKTUBHA aJIbTePHATUBA TPATAIIIAHAM
OJILOBUM TpaHaucTopam i3 isosmboBanuM 3arBopoM (MOSFET) y mpuceTposx 3 HUSBKMM €HEpProCIIOKUBAH-
HSM, OCKLIIBKM BOHHM XapPaKTEePU3YIOTHCS HATHU3BKAMU CTPYMAMHU BUTOKY Ta BIAMIHHUMHM IIiJ{IIOPOrOBUMU
xapakrepuctukamMu. OQHAK BeJMKa IMMPUHA 3a00POHEHOI 30HU KPEMHI 00MesKye IIBUIKICTh MIK30HHOIO
ryuesmoBanus (BTBT) ua mesxi posniny «iprepesio — KaHAID, 110, CBOEI YePro, 00MesKye MaKCUMAJIBHO J10-
CAMKHUI CTPYM y BIAKpUTOMY cTaHi. Y I1iif poOOTI 3aIIpOIIOHOBAHO TYHEJIBHUHN HOJBLOBUM TPAH3UCTOP 13 JBO-
ma mrepesiavu Ta TpaHireiaum 3aTBopoM (DSTGTFET) ma ocuosi apceniny immio (InAs), y skomy KpemHi-
€Bl mrepesia Ta obsacrti «kurmeHb» (pockets) samineno ma InAs, a TpagmItifiHa MOBITPSIHA TOPOXKHUHA 3aT10-
BHeHa giokcuaom raduio (HfO2). IIpoexTyBanHts Ta OIIHIOBAHHS XapaKTEePUCTHE IIPUCTPOIO 3IHCHIOBAJINCS
3a JIOTIOMOTOI0 TIPOTpaMHOro 3abesmeuenus: Synopsys Sentaurus TCAD 13 BUKOPUCTAHHSIM TAKUX MOJIEJIEH:
npetipoBo-nudy3ifiHOTO IIepeHeceHHs:, fuHaMidHol HesokaabHoI Monesri BTBT Keitna, pexombinamnii loxk-
mi—Piga—Xomma (SRH), crarucrurn @epmi—/lipaka, a Takox Mojesiell 3ByKeHHsT 3a00POHEHOI 30HHW Ta Jie-
rpajganii pyxJauBocTi HOCIiB 3apsy. JlocmiIsKeHo BIUIME TOBIWMHY MTOPOsKHWHY, 3amosHenoi HfOg, mursaxom 11
BapioBaHHA B mianasoHi Big 4 aM 10 13 M. ONTUMI30BaHUN IPUCTPIN 13 TOBIINHOK IIOPOKHUHU 9 HM IIPO-
JIIEMOHCTPYBAB CTPYM y BigkpuroMy craHi 6,5 X 10-5 A, ctpyMm y 3akpuromy crasi 3,27 X 10-16 A Tta BigHO-
IIeHHSA CTPYMIB y Bingpuromy ¥ 3akpuromy craHax (lon/lorr) mpubausuo 2 X 10!, Tloporosa Hampyra 3um-
aunacsa 3 0,75 B go 0,69 B, 1110 ¢BiqunTh IIpo MOKpAIIeHHS XapaKTePUCTUK HepeMuKkanHsd. [lokpamieni podo-
4l XapPaKTePUCTUKH JOCIATAIOThCS 3aB/ISIKU ITOCJHAHHIO BUKOPUCTAHHS InAS y JpKepesax/«KUIIeHsIx» Ta Has-
BHOCTI 11oposkHMHY, 3anoBHeHO1 HfOq, 110 cripusie epeKTUBHINIOMY TYHEIOBAHHIO HOCIIB 3apsifly Ta KpAIlo-
My KepyBaHHIO 3 00Ky 3arBopa. OTpuMaH] pe3yIbTaTh MiATBEP/KYIOTH JOIIIBHICTE 3aCTOCYBAHHS 3aIIPOIIO-
HOBAHOTO IIPUCTPOIO B IHTErPAJIBHUX CXeMaxX MaiOyTHHOTrO, 110 MOTPe0YI0Th HU3BKOTO €HEePTOCIIOMKUBAHHS T
BHUCOKOI ITPOyKTUBHOCTI.

Kirouosi crosa: TFET, InAs, DSTGTFET, BTBT, TCAD.
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