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In this research paper, a Vertical Tunnel FET structure in the presence of a live metal strip & low die-
lectric constant material is designed and its performance metrics are analyzed in detail. A low dielectric SiO2
material is incorporated in the channel/drain region. Low work function live metal strip (Molybdenum) is
placed in high-£ dielectric HfO: layer in source/channel region. The device is examined by the parameters
Lz, subthreshold swing, threshold voltage, and Io/L ratio. The introduction of a live metal strip in the die-
lectric layer nearer to the source-channel interface results in a minimum subthreshold slope and a good
ILon/Iog ratio. Low dielectric material at drain reduces Cgd-Miller capacitance. Both the SiO: layer & low work
function live strip show excellent leakage current reduction to 1.4 x 10-17 A/um. The design provides a
subthreshold swing of 5 mV/decade which is an excellent improvement in TFET, ON current of
1.00 x 10-5A/um, an Ion/Lg ratio of 7.14 x 10! and the threshold voltage of 0.28 V.

Keywords: Dual low work function live strip (DLWLS), Low work function live strip (LWLS), Low-£ dielec-
tric spacer, Miller capacitance, Molybdenum, Subthreshold swing (SS), Tunnel field-effect transistor (TFET).
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1. INTRODUCTION

Rapid miniaturization of devices has led to an increase
in leakage current. Leakage current is a big challenge in
miniaturized circuits. Miniaturization at the same time
increased the device performance such as speed & re-
duced the area occupied by the device. The lifetime of the
device is reduced due to leakage [1]. Leakage increases as
thin SiOz is used as gate dielectric material.

The subthreshold swing is 60 mV/dec for thermionic
injection of electrons in FET [2]. In practical implemen-
tation, SS is greater than it. Thermionic emission affects
the off-to-on transition. A small subthreshold swingis
needed to turn the device to an off state sharply once
VGS drops below the threshold voltage (VTH). Tunnel
field-effect transistor (TFET) works on band to band
tunneling and not on conventional thermionic emission
as the carrier injection mechanism [3]. Band to band
tunneling operation enables TFET to have SS
< 60 mV/dec [4-7]. The gate-to-drain (Cga) Miller capaci-
tance effecthas an impact on TFET performance. Un-
wanted TFET effects like overshoot/undershoot in the
invertercharacteristics grow when Cga rises [8]. Gate-to-
drain capacitance/Miller capacitance increases as a re-
sult of the adoption of high-k material (HfO2) in the
drain region (Cga)) [9]. Ambipolar leakage & Miller ca-
pacitance is some of the drawbacks of TFET. Miller ca-
pacitance can be reduced because of oxide overlap and
low bandgap materials [10].

The solution to reduce gate oxide leakage is high-k ma-
terial. The device's ability to keep a charge is increased by
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using high-k material, which also aids in downsizing.
HfOs: is compatible with a silicon substrate and possesses
a high dielectric constant (25), a high adequate band gap
(5.68 Ev), band offsets with silicon, a low leakage current,
and a lattice parameter that is closer to that of silicon with
a modest lattice misfit (5 %) [11].

In this paper, a published VIFET structure is taken
for analysis [12]. A large tunnel area & thin channel en-
hances the device metrics [13]. In addition to the pub-
lished model, the proposed design uses low-k material in
the drain region to reduce Cg. Low work function
metal strip placed in the source-channel interface
causes abruptness in electron concentration, increasing
the tunneling rate [14-18]. Molybdenum used as Low
work function live strip (LWLS) has a compatible work
function with HfO2 [19, 20] The combination of metal
strips & high kmaterial at drain shows minimum Ioff-
1.40 x 10-17, good Ion/Lotrratio — 7.14 x 1011, reduced sub-
threshold swing — 5 mV/dec lower ambipolarity, and Mil-
ler capacitance — Cgad.

2. IMPACT OF DIELECTRIC MATERIAL ON
GATE-SOURCE & GATE-DRAIN
CAPACITANCE

The interelectrode capacitance is caused by the gate-
dielectric material, and this work emphasis an increase
in source capacitance & a decrease in drain capacitance.
By applying potential between the capacitor's elec-
trodes, thecharges there are polarised [9]. Given by is
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the expressionfor the parallel plate capacitor's capaci-
tance.

C=q/V=2¢g4/d (@)

q, €0, A, d is the charge on plates, free space permit-
tivity,area of the plate, and distance between plates of
capacitor respectively. The electric field is influenced by
voltage, charge, and capacitance. The gradient of voltage
thatcharacterises the electric field between the plates is
indicated by

E =dv/dX =V/d @)

dV, dX, V, and d stand for differential voltage, differen-
tial length, voltage, and distance between plates. In
place of SiOg,a high k dielectric material (HfOg2) is used
to improve capacitance by increasing charge g. The in-
crease in charge stored results in an increased flow of i(¢)
in the device. At drain/channel region low dielectric
(Si02) material is inserted in the drain region. This not
only reduces the drain region but also reduces the charge
held in a parallel plate capacitor (gate-drain). Hence it
reduces undesirable Cga.

3. DEVICE STRUCTURE, PARAMETERS, AND
SIMULATION MODELS

Figure 1 shows the schematic layout of the proposed
dual low work function live strip and spacer vertical
TFET (VTFET with DLWLS + Spacer), which uses low
work function Molybdenum and low-£ SiOz in the drain
and HfO2 as a high-%k dielectric medium in the source
and channelregions. Gate length (L.G) is 8 nm, while the
gate oxide thickness (fox) is 2 nm. The component has
a dual sourcethat is symmetrical, measuring 50 nm in
height and 20 nm oneach side. The drain is 48 nm in
length and 5 nm in height.To 3.8 eV, the gate work func-
tion is optimised. Highly dopedsource (p**-type), channel
(n*-type), and drain (n**-type) are all preserved at
1x20cm-3,1x%x 17 cm~3, and 1 x 19 em ~3 of doping
concentration, respectively. The Molybdenum live metal
strip has a length of 2 nm and a height of 1 nm. The
drain region is reduced by adding dielectric SiO2 to the
middle of the drain. Table 1 lists the physical dimensions
of the tool used for TCAD simulation.
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Fig. 1 - Cross-sectional schematics of the proposed VIFETwith
DLWLS + Spacer
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Table 1 — Device parameters of the VIFET with DLWLS +
Spacer

Parameters Values
Channel doping (Nc) 1x107c¢m-3
Drain doping (Np) 1x10¥cm-3
Source doping (INa) 1x1020¢m-3
Gate length 8 nm

Source height 50 nm

Drain height 5 nm
Channel height 10 nm
Source length 20 nm

Drain length 48 nm

Gate oxide HfOz thickness 2 nm

Gate work function 3.8eV
DLWLS-length 2 nm
DLWLS-thickness 1 nm

SiOz2 thickness 5 nm

Si02 length 12 nm

The suggested VIFET is compared to VITFET to
demonstrate the effects of low work function live strip
and low dielectric material [12]. The device parameters
used are listed in Table 1. The Silvaco 2-D simulator,
technology computer-aided design (TCAD), with
bandgapnarrowing model (BGN)- for carrier statistics,
recombination model from Shockley Read Hall (SRH),
mobility model from Lombardi's model (CVT model), and
band-to-band(non-local) modelling implements all simu-
lations.

4. RESULT & DISCUSSION
4.1 Electron Concentration & Electric Field

The electron concentration for each device VITFET
with dual low work function live strip and a low-k die-
lectric SiOsz spacer in the drain (DLWLS + Spacer), a
VTFET with dual low work function live strip (DLWLS),
and a VITFET with a low-% dielectric spacer in the drain
are shown in Fig. 2. Compared to the other 2 designs,

20
Q
g B9 ®  DLWLS+Spacer
5 e DLWLS i,
5 4— Spacer [
S N
10 |
: g
s . f
9 /
8 /
5 f
/3
2 (M
|
0 s T T T 1 —

000 001 002 003 004 005 006 007 008
x coordinate (Um)

Fig. 2 - Comparison between VIFET with DLWLS + Spacer,
DLWLS & Spacer regarding electron concentration
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Fig. 3 — Comparison between VIFET with DLWLS + Spacer,
DLWLS & Spacer regarding Electric Field

the VITFET with dual low work function live strips and
a low k dielectric SiOz spacer in the drain has a higher
electron concentration. This is because the high-k£ dielec-
tric gate contains a Molybdenum low work function live
strip. Due to its low work function, it raises the electron
concentration at the source/channel junction. The rise in
electron concentration creates abruptness in the source
channel. Fig. 3 presents the electric field of VTFET with
dual low work function live strip & low# dielectric SiO2
spacer in the drain. It has more electric fields than the
other 2 devices due to the increased charge carriers.

4.2 Energy Band

Fig. 4 shows the energy barrier is almost the same for
VTFET with DLWLS & VTFET with DLWLS + Spacer
The energy band diagram of the VTFET with DLWLS and
spacer is shown in Fig. 5 for both the on and off states.
When compared to the barrier width between them in the
ON state, the distance between the valence band of the
source and the conduction band of the channel is greater
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Fig. 4 — Comparison between VIFET with DLWLS + Spacer,
DLWLS & Spacer regarding Energy Band Profile
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Fig. 5 — Energy band diagrams of proposed Vertical tunnel FET
transistorwith DLWLS + Spacer in ON and OFF states

in the off state (Vg = Vs = 0). In the ON state, Vs regu-
lates electron motion. Vgs is controlling the electron move-
ment in the ON state. Reduction in barrier width en-
hances electron transfer in the ON state. Leakage current
in the off state is reduced by a wide tunnelling barrier.

4.3 Subthreshold Wing

The material present in gate dielectric & geometry of
transistor helps in reducing subthreshold swing (SS).
The subthreshold swing is 5 mV/dec for VITFET with
DLWLS + Spacer, 25 mV/dec for DLWLS & 30 mV/dec
for design with spacer alone. Subthreshold swing of a
TFET depends on the high-%k gate dielectric and a thin
body to assure that the gate field directly modulates the
channel. Maximizing the derivative of the junction elec-
tric field on the gate-source voltage [4] is another method
for reducing the subthreshold voltage swing. Vet is the
tunnel- junction bias, {is the electric field, a, b are coef-
ficients based on the junction's material characteristics
and the device's cross- sectional area.

_ 1 dVeg &+b ag 171
§=In10 [Veff dvgs + §? advgs ®

4.4 Comparison of VITFET with VIFET (DLWLS
and Spacer)

The proposed model VTFET with DLWLS and
Spacer is compared with simulated published work [12].
The Id vs Vs curve of the proposed model is better in
terms of leakage current as illustrated in Fig. 6. The off-
current of the proposed model is1.40 x 1017 A/um while
for the published model is 2.96 x 10~-13 A/um. The thresh-
old voltage is 0.28 V. On state current is 1.00 x 10>
A/um.High dielectric constant HfOs increases the capac-
itance at the source/channel junction. This increases Cigs.
But at sameemploying low dielectric material SiOz at
drain decreases Cgd-Miller capacitance. The transfer
characteristics of the 3 devices are presented in Fig. 7.
Leakage current is minimum in the proposed model.
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Fig. 7- Comparison between transfer characteristics of VTFET
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4.5 Miller Capacitance

High dielectric constant HfOz increases the capaci-
tance at the source/channel junction. This increases Cigs.
But at the same time employing low dielectric material
S102 at drain decreasesCgda-Miller capacitance a desira-
ble factor for FET [21]. Fig. 8 & Fig. 9 shows the increase
& decrease in Cgs & Cga respectively for the proposed
model.
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5. CONCLUSION

In this proposed work, high-k gate oxide with molyb-
denum metal is designed along with low-k material in
the drain. As FETs are playing a vital role in the IC in-
dustry the lower sub-threshold swing and reduced Miller
capacitance with low OFF-state currentis required for
power-efficient low leakage memory systems. So, a
VTFET with a low work function live strip & spacer is
designed for maximum performance by limiting the
leakage current. The performance of the proposed
VTFET with DLWLS + spacer is presented and com-
pared with standalone DLWLS & spacer structures. The
Miller capacitance, subthreshold swing & leakage of the
proposed device is improved compared to other architec-
tures because of low work function metal design & low k
material in drain design. The suggested model is imple-
mented with the help of the Atlas Silvaco tool.
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OnTumizanisa mimoporoBoro KOJINBaHHS Y BEPTUKAJILHOMY TYHEJIBHOMY IIOJIbOBOMY TPAH3UC-
TOPi 3 BUKOPHUCTAHHAM METAJIEBOI CTPIiYKU 3 HU3BKUM piBHEM po004oi pyHKIIiI Ta MmaTepiany 3
HU3BKHM piBHeM k y npenaski

K. Kalai Selvi!, K.S. Dhanalakshmi?
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V 1iit po6oTi ONKCaHO BEPTUKAIBHY TYHEJIbHY CTPYKTYPY II0JIBOBOTO TPAH3UCTOPA 34 HASBHOCTI METAaJIeBOI
CMYTH IIiJ] HAIIPYTOIO T4 MaTepiajly 3 HU3bKOIO J1eJIEKTPUYHOI0 IIPOHUKHICTIO TA JAeTaIbHO IPOAHATI30BaHO il
MOKA3HUKNA HPOAyKTUBHOCTI. Marepian 3 HUSBKHM AiesIeKTpuaHuM BMicToM SiO2 BKJIIOUYEHO B 00JIaCTh Ka-
Hasy/croky. MeraseBa cTpiuka 3 HU3BKOIO POOOTOI0 BUXOMAY ITi] HAIIPYTOI0 (MOJII0IEH) IIOMIIIAEThCS B JieJIeK-
tpuunwmii map HfO:2 3 Bucokum roedirienrom Buxomy B obsacti mrepesia/kanany. [Ipucrpiit mepeBipseTsest
3a mapamerpamu L, IiIIIOPOroBe KOJMBAHHS, IIOPOroBa HAIIpyra Ta criBBigHoIeHHs oo/ Ioff. BBenenus me-
TaJIeBOI CTPIYKH ITiJT HATIPYTOIO B AP JIeJIeKTPUKA OJIMKYe T0 MEK] JIyKepesio-KaHasl IPU3BOIUTD J0 MiHIMAa-
JIBHOTO ITIIIIOPOTOBOI0 HAXKJIY TA TAPHUX IMOKA3HUKIB CITiBBIMHOIIEHHS lon/Lofr. HU3BbKUI qiemekTpudHmil Ma-
Tepian y crorri amentrye emuicts Cgd-Miller. Ax map SiOg, Tak i cTpiuka 3 HE3HKOIO IPOIYKTUBHICTIO POOOTH
JIEMOHCTPYIOTH 4y[0Be 3HIKEeHHsI CTPyMy BUTOKY 110 1,4 x 10 ~17 A/mrm. KoHcTpyxkIris 3abeameuye migmoporose
rosmBauHsa b MB/nekany, 1mo € uymosum mokpanieHaam TFET, crpym ysimrrerms 1,00 x 10 -5 A/miwMm, cris-
BigHOMEHHA Ion/Lofr cTaHOBUTE 7,14 x 10! 1 moporosa Hampyra 0,28 B.

Kmiouosi ciosa: [logsiitHa qunaMiuHa cMyra 3 Hu3bKowo ¢yHKIeo suxoay (DLWLS), Iuaamiuna cmyra 3
Hu3bKoW QyHKIien Buxoay (LWLS), Jliemexrpuunuit map 3 Hu3bkuM k, Evuicrs Misutepa, Momi6nen, ITig-
moporose kosuBaHus (SS), Tyuensuuit monsosuii Tpansucrop (TFET).
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