Performance Analysis of Dual Metal
Double Gate Tunnel-FETs for Ultralow
Power Applications
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Abstract Dual metal double gate tunnel FET device has been presented to over-
come the challenges in conventional TFET. This device gives a very good In/Iox
ratio and an average subthreshold slope. The performance analysis is done for
various values of oxide thickness and doping concentrations for the device. It has
very low leakage current (9.27 x 1072 A/um), a huge on-current (4.85 X 1077 A/
pm), I/l ratio of 10'%, and a steep subthreshold slope of 34 mV/dec.

Keywords Dual metal - Tunnel FET - High-k dielectric - Subthreshold slope

1 Introduction

Tunnel field-effect transistors (TFETSs) are the upcoming devices for its less leakage
current and steep subthreshold slope and are much useful to applications which use
less power [1-3]. TFETs are based on the passage of the majority charge carriers
and an electric field formed in the channel region which is the switching mechanism
for tunneling [2-5]. The conventional TFET is a p-i-n gated structure having
non-uniformly doped source and drain, and the carrier passage takes place from one
band to another.

The major challenges in TFET are small drive current and ambipolarity. To
master these challenges, high-k dielectrics in the double gate TFETSs are proposed
[6, 7]. It increases on-current and reduces the leakage current, and hence, on-to-off
current ratio is increased [6]. Device analogue/RF characteristics are investigated
for gate—drain underlap area [8]. The device uses non-local path (BTBT) model for
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simulation. Due to the tunneling process, the device requires a fine mesh around
area where the switching mechanism takes place. In [9], the tunneling takes place
from the source to drain depletion regions. The paper [10] discusses the device
electrostatic role of three diverse TFET structures, i.e., tunnel FET with two gates,
tunnel FET with different dielectrics, and tunnel FET with two metals with different
dielectrics. The latter excels the other two TFET structures.

Several structures are proposed by the researches to enhance the on-current of
the TFET. In [11-15, 16] dual-gate tunnel FET with different junction for appli-
cations that consumes less power is discussed. Vertical TFET with n- and p- type
source underlapped structure with submicron 10-nm technology is discussed [17].
In [18], junctionless tunnel FET and [19] gate all around TFET have been dis-
cussed. In [20], a dopingless FET (DL-FET) source/drain (S/D) areas were created
by metal work function engineering and show a fine control over short channel
effects. The problem of ambipolarity is the device operates for both positive and
negative values of gate voltage making the TFETSs not suitable for digital circuits.
Several techniques [21, 22] to control ambipolarity are reducing the drain electric
field, reducing the doping concentration, and using large bandgap heterostructures
in the drain end. Molybdenum has been shown as a potential candidate for the
future metal gate technology in [23-25].

This paper deals with the performance analysis of dual metal double gate TFET
for different doping concentrations, and oxide thickness has been analyzed. The
dependence of on-current, off-current, SS on device parameters is studied in detail.
Section 2 covers the structure design and simulation. Section 3 summarizes the
findings and discussion. Section 4 provides the conclusion followed by acknowl-
edgment and references.

2 Structure Architecture and Parameter Description

In Fig. 1, the 2-D structure of double metal dual-gate TFET is shown. The structure
creation and the simulations are performed using Sentaurus Technology
Computer-Aided Design (TCAD) software [26]. The gate oxide thickness (T,y) is
2 nm with channel thickness of 10 nm. Molybdenum and aluminum are used as
metal with the minimum energy of 4.4 and 4.0 eV, respectively. In addition to
conventional SiO,, high-k dielectric HfO, is used as gate oxides. The source region
is heavily doped with p-type material, while the drain is oppositely doped with
n-type impurities. The most important models used for simulation are non-local
BTBT model, bandgap narrowing model, SRH model. The transfer characteristics
of dual metal gate with heterodielectric TFET have been investigated by varying
doping concentrations and thickness of gate oxides.

Table 1 gives the structure dimensions. Figure 2 gives the band diagram of the
device in its active as well as in off state. The graph is plotted between the energy
band and the position along the length of the device. In its put off state, tunneling
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Fig. 1 2-D structure of dual
metal double gate TFET

Table 1 Device dimensions
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Parameter Values
Gate length (L) 50 nm
Oxide thickness (T,y, 2 nm
Channel thickness (T;, 10 nm
Source concentration (N, 1e®* em™
Channel concentration (N, 1e em™
Drain concentration (Ng, le'® em™
Gate voltage (V) 2V
Supply voltage (Vg, 05V

does not occur if the gate bias is very low due to the barrier width between the
valence band of the source area and the conduction band of the channel area are
high. Furthermore, in the active case, for positive gate bias, the barrier width, a
potential boundary leading to tunneling of carriers, is reduced because the gate pulls
down the barrier closer to each other.

Fig. 2 Energy diagram of
dual metal double gate TFET
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3 Results and Discussion

3.1 Transfer Characteristics

Figure 3a gives the dual metal double gate TFET transfer characteristics. The
analysis has been carried out by swinging the V, from O to 2 V, and the drain
current variation is observed. The simulated on-current of the device is
4.85 x 1077, and the leakage current is 9.27 x 102" giving a very good Io/Iog
ratio in the order of 10'? for a low supply voltage of Vgq = 0.5 V. In TFET [27],
BTBT is the primary device physics to be modeled. This is fundamental to all
lateral BTBT devices. In the simple local BTBT model, the carrier generation rates
are determined mainly from the local electric field only [27]. In one common
expression, based on the Kane’s derivation,

B
GPTBT — A . E* exp (— E) (1)

Figure 3b shows the Iy — V4 of the device. The analysis is carried out by
swinging the drain voltage from 0 to 0.7 V for different gate voltages. The drain
current is 4.8457 x 1077 A.

3.2 Steeper Switching Behavior

The subthreshold swing is the variation in voltage that is used in order to provide a
change of one order of magnitude of the drain current. Subthreshold swing is
given by

dvg
S= [mV/dec] (2)
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The operating mechanism of MOSFET is based on thermionic injection where
electrons travel over an energy barrier, which confines the SS by the Boltzmann
distribution of charge to 60 mV/decade. For dual metal double gate TFET, sub-
threshold swing is 34 mV/decade. Using high-k in gate oxide provides a steeper
slope.

3.3 Effects of Various Doping Concentrations

Figure 4 shows the device characteristics for different doping concentrations.
Doping concentration is proportional to on-current, and therefore, increasing source
doping will enhance the drive current of the device even at low supply voltage, and
hence, TFETSs are promising candidates to low power applications.

3.4 Effects of Different Oxide Thickness

Figure 5 shows the Iy — V, for different oxide thickness keeping the supply voltage
0.5 V. Oxide thickness plays a vital role in the tunneling mechanism. According to
the Eq. (3), the current in the active state (on-current) will increase by increasing the
oxide thickness of the transistor.

2
Vds

= ey | (Vo= V0V = 2| o)

where mobility is given by u,, cox 1S the capacitance of the gate oxide, w/l is the
scaling parameter.
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4 Conclusion

The dual metal double gate TFET and their characteristics for different device
parameter are discussed. This device gives excellent I/l ratio of 10'? for a very
small supply voltage of 0.5 V. Drive current can be increased by increasing the
doping concentration and by using thin gate oxide. The dual metal double gate
TFET device is a good candidate for applications that use less power. This work can
be extended further by using Ge and III-V materials to enhance the mobility.
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