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Abstract
This paper presents a novel nanoscale tunnel FETconsisting of an Esaki tunneling diode in the source region. A unique part of the
source region is replaced by a heavily doped N-type silicon material establishing a tunneling diode inside the source region. Also,
the gate metal is deliberately extended into the source region in order to more couple the created tunneling diode inside the source
region. In the result of this new configuration, the band energy bending occurs inside the source region and also the potential
barrier will be modified in the channel region thus increasing the ratio of ION to IOFF (ION/IOFF) and reducing the leakage current
and ambipolar current for the proposed structure. The proposed structure has been compared with the conventional TFET and
PNPN-TFET structure in terms of the ION/IOFF, Leakage current, ambipolar current, drain-source conductance, short channel
effects, source-drain capacitance and minimum noise figure showing a performance superiority with respect to other structures
under the study.

Keywords Tunnel FET . Esaki tunneling diode . Band energy . Potential barrier

1 Introduction

The SOI technology based structures have been taken into
account for attention in the VLSI circuits as a proper substitu-
tion for the MOSFETs. Since, scaling the MOSFETs is
reaching the end of the semiconductor devices roadmap, a
special effort has been done in order to characterize the SOI
technology [1]. The substantial features in terms of reduced
short channel effects, immunity to latch-up current, high volt-
age gain, and mitigated junction capacitances have made the
SOI-MOSFET more proper than the MOSFET for the low-
voltage applications [2, 3].

Improving the electrical performance of devices which are
based on the SOI configurations, the novel and efficient struc-
tures utilizing the SOI concept have been proposed in the
various literatures [4–8]. These structures are indeed an

optimized version of a conventional SOI-MOSFET.
Although, the SOI technology has been introduced as a solu-
tion to overcome the problems ofMOSFETs, but it still suffers
from the serious weaknesses which will gain a very serious
situation when the its scale goes to the nanoscale limit.
Therefore, the need for exploring the novel devices with dif-
ferent concept in the carrier transport is very vital.

The tunnel Field Effect Transistor (TFET) has been pro-
posed as a modern structure for CMOS low voltage applica-
tions to supersede the MOSFETs and SOI-MOSFETs based
structures [9–11]. Since the carrier transport in the TFETs is
governed by the tunneling process in the source region, some
main figures of merit such as low leakage current, steep sub-
threshold swing, good immunity to short channel effect and
compatibility with the common CMOS process are explored
[12–16].

Many structures which are based on the TFET technology
have been designed to enhance the electric performance. A
double-gate tunnel FET including High-K gate dielectric is
introduced as a suitable device to increase the ON current
[17]. It is worth noting that one of the biggest problems for
the TFETs is related to the its ON current. Because, the carrier
transport is controlled by the tunneling process.

In the other study, a lightly doped drain has been utilized in
order to decrease the leakage current. The reason for the
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reduction of OFF current is predominantly related to thermal
injection which is seen in the proposed device [18].

It should be pointed out that the most of the devices imple-
mented based on the TFET are designed at double gate con-
figuration to overcome the short channel effects with fabrica-
tion complexity cost. But, this paper has given an attractive
solution to enhance the electric performance for a TFET based
on the SOI technology which is very compatible with com-
mon CMOS process unlike the double gate TFETs.

This work has compared the proposed structure with the
conventional TFETand the other novel PNPN-TFET in terms
of the electric performance. The PNPN-TFET is generated by
inserting a heavily doped N-type material inside the channel
region beneath the main gate [19]. The reduction of the tunnel-
ing width happens to the PNPN-TFET device thus increasing
ON current when compared with the conventional structure.
Although, the TFET based on the SOI technology has been
introduced as a good structure, but high subthreshold swing,
high leakage current, high ambipolar current and especially
the reduced ratio of ON current to OFF current (ION/IOFF) are
identified as the important problems of this device limiting its
use for the nanoscale low voltage applications.

To overcome the substantial weaknesses of the PNPN-
TFETstructure, we have offered a new idea in order to reduce
the leakage current by the formation of further potential barrier
inside the channel region. Instead of inserting the N-type sil-
icon material inside the channel region for increasing the
tunneling current [19], the tunneling process have been trans-
ferred into the source region by embedding a N-type doped
material inside the source region. Also for more coupling of
gate electrode on the tunneling mechanism, the gate meal has
been extended into device left side. Indeed, the proposed
structure enhances ON current without reduction of the effec-
tive channel length in contrast to the PNPN-TFET structure.
Only, a part of the source region has been attributed to the
inserted N-type material for the proposed structure. The most
important reason for the performance superiority in the pro-
posed structure is the moving the peak junction electric field
which is inside the channel region for the PNPN TFET toward
the source region for the proposed device under the study. As a
result, the band energy diagram is modified along the channel
region and the leakage current and ambipolar current will be
reduced caused by the raised potential barrier.

The current work has been arranged in six parts. The first
part is about the introduction of the paper. The next one is
about the explanation of the proposed structure skeleton.
The third part is given to explain the governing physical equa-
tions for the proposed structure and also numerical scheme
utilized in the simulation domain. Afterward, the improved
parameters for the suggested device are given in part 4.
Then, a technical consideration is proposed to reach the best
electrical performance for the device under the study. Finally,
whole the work is concluded, successfully.

2 Proposed Device Archituture

Figure 1 demonstrates a cross-sectional view of the proposed
structure implemented in this work. The device includes an
extra region inside the source region filled by a heavily doped
N-type silicon material having the most important role in the
electron transport. The additional embedded region is charac-
terized by the width of Esaki tunneling diode (W) and the
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Fig. 1 The cross-sectional view of (a) the ETDS-TFET (b) the PNPN-
TFETand (c) the conventional TFETstructures implemented in the paper
for the performance comparison
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doping value (NTD) as shown in the figure. It is worth noting
that the depth of this region is equal to the channel region
thickness. The figure has demonstrated three different types
of the structures in terms of the conventional TFET, PNPN-
TFET [19] and the proposed structure for the electrical perfor-
mance comparison. Since, the proposed device handles the
tunneling process inside the source region with the creation
of an Esaki tunneling diode, it has been called as ETDS-TFET
structure. As shown in the figure, the gate electrode is delib-
erately extended into the device left side in order to enhance
the electrostatic coupling of the tunneling region. Instead of
creating the peak junction electric field inside the channel
region [19], we have created it inside the source region and
modified it by the extension of the gate metal electrode toward
the source region. Unlike the PNPN-TFET structure in which
the channel region is utilized to change the shape of the band
energy, the ETDS-TFET structure keeps whole the channel
region along with the modification of the band energy
throughout the channel region. Indeed, the PNPN-TFET
shows a TFET with the gate length smaller than its typical
length whereas it is not seen in the proposed structure.

To analyze the proposed device, Table 1 has listed the im-
portant parameters which are required for the simulation. It
should be noted that all the parameters for the conventional
TFET and PNPN-TFET structures are equivalent to those for
the ETDS-TFET structure unless otherwise stated.

3 Fundemental Physical Equations
and Numerical Scheme

In order to analyze the proposed device under the study, it is
imperative to consider the proper mathematical models in the
structures. Two important concepts in the cases of the electro-
static coupling and carrier transport must be taken into account
for the simulation of the suggested device.

The key equation stating a fundamental relation between
the electric potential and space charge density is Poisson equa-
tion given as equation bellow:

div ε x;yð Þ∇Ψ
� � ¼ q n x;yð Þ−p x;yð Þ−Nd x;yð Þ þ Na x;yð Þ

� �
ð1Þ

where Ψis the electric potential referenced by the intrinsic
potential, ε(x, y) is the dielectric permittivity of the proposed
structure materials in the simulation domain, n(x,y), p(x,y),
Nd(x,y), and Na(x,y) are the electron density, hole density, donor
doping concentration and acceptor doping concentration
throughout the proposed structure grid points. It is worth not-
ing that x and y are the grid points in the simulation domain
and the unknown parameters are evaluated in this points.

The connection between the carrier transport and electric po-
tential is performed by the carrier continuity equations as follow:

∂n x;yð Þ
∂t

¼ 1

q
div Jn

�!
x;yð Þ þ Gn x;yð Þ−Rn x;yð Þ ð2Þ

∂p x;yð Þ
∂t

¼ −
1

q
div Jp

�!
x;yð Þ þ Gp x;yð Þ−Rp x;yð Þ ð3Þ

Jn
�!

x;yð Þ ¼ qμn x;yð Þ Fn
�!

x;yð Þ þ Dn x;yð Þ∇ n x;yð Þ
� � ð4Þ

Jp
�!

x;yð Þ ¼ −qμp x;yð Þ Fp
�!

x;yð Þ þ Dp x;yð Þ∇ p x;yð Þ
� �

ð5Þ

Fn
�!

x;yð Þ ¼ −∇V x;yð Þ−
∇χe x;yð Þ

q
ð6Þ

Fp
�!

x;yð Þ ¼ −∇V x;yð Þ−
∇ χe x;yð Þ þ Eg x;yð Þ
� �

q
ð7Þ

It is worth noting that the variables μn(x, y), Dn(x, y) = (KTL/
q)μn(x, y) are the effective mobility and diffusion constant for
the electrons. Note that the subscripts (p) at the equations are
relevant to the holes. q is elementary charge, K is Boltzmann
constant, and TL is the local lattice temperature. The parame-
ters G(x,y) and R(x,y) are the generation/recombination rates for

the electron and hole. The parameters Jn
�!

x;yð Þ and Jp
�!

x;yð Þ are
current density for the electron and hole, respectively. χe(x, y)

and Eg(x, y) are electron affinity and bandgap energy.
Regarding to the carrier transport for the structures based

on the TFET, it is very important to consider the tunneling
well-defined models for reaching realistic results. Two impor-
tant tunneling models in terms of the local and nonlocal
tunneling models have been utilized in the proposed structure
in order to give an accurate current density for the devices
under the study. Regarding to the local tunneling model, the
Klaassen model is set to the simulation domain due to indirect
transition of the silicon material as following:

GKlassen ¼ αEβexp −
λ
E

� �
ð8Þ

Table 1 List of essential parameters for the simulation of structures
under the study

Parameters ETDS-TFET

Gate length, Lg 22 nm

Source/drain region length, (LS, LD) 50 nm

Gate oxide thickness, tOx 1 nm

Silicon channel thickness, tSi 10 nm

Buried oxide thickness, tBox 25 nm

Doping concentration of channel region, NCA 1 × 1017 cm−3

Doping concentration of source region, NSA 1 × 1020 cm−3

Doping concentration of drain region, NDA 5 × 1018 cm−3

Doping concentration of Esaki tunneling diode, NTD 1 × 1020 cm−3

Width of Esaki tunneling diode, W 5 nm
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where GKlassen is the generation rate and also α, β and λ are
the constant parameters given in the reference of [20].
Regarding to the equation, it is added to Eqs. (2) and (3) as
electron and hole generation rate.

To accurately model the tunneling process, it is imperative
to include the spatial variation of bands energy. Since the
Esaki tunneling diode inserted inside the source region has
been heavily doped, then we have applied the nonlocal
band-to-band tunneling model in the simulation domain.
Regarding to the tunneling process as the transfer of electron
across the junction inside the source region, the current den-
sity for an electron with longitudinal energy E and transverse
energy ET is calculated as follow:

J Eð Þ ¼ q
πℏ

∬T Eð Þ f l E þ ETð Þ− f r E þ ETð Þ
ffiffiffiffiffiffiffiffiffiffiffi
memh

p
2πℏ2


 �
dEdET

ð9Þ
where T(E) is the tunneling probability for an electron with
longitudinal energy E.

f l ¼ 1þ exp E þ ET−EFlð Þ=KTð Þ−1 ð10Þ
f r ¼ 1þ exp E þ ET−EFrð Þ=KTð Þ−1 ð11Þ
where fl and fr are Fermi-Dirac function utilizing quasi-fermi
level on the left hand side of junction (EFl) and on the right
hand side of junction (EFr), respectively. Integrating Eq. (9)
with respect to the transverse energy, the contribution to cur-
rent from the longitudinal energy is obtained according to the
equation bellow:

J Eð ÞΔE ¼ qKT
ffiffiffiffiffiffiffiffiffiffiffi
memh

p
2π2ℏ3

T Eð ÞLog 1þ exp EFr−Eð Þ=KTð Þ 1þ exp EFr−E−Emaxð Þ=KTð Þ
1þ exp EFl−Eð Þ=KTð Þ 1þ exp EFl−E−Emaxð Þ=KTð Þ

� �
ΔE

ð12Þ

where Emax is smaller value of E-Elower and Eupper-E. It is
worth noting that the highest energy at which an electron
can tunnel is Eupper and the lowest is Elower. Hence, Eq. (12)
gives the tunneling current density at a given perpendicular
energy and the resulting current is added to the simulation
domain at the xstart and xend grid points. This is done and
repeated for all the energy ranges between Elower and Eupper

in the tunneling region. We mention that the tunneling proba-
bility T(E) is given in [21].

In order to solve Eqs. (1–12), the finite difference
discretization process is performed to numerically calculate
the required variables in the grid points (x,y). The calibrated
famous simulator of ATLAS which is from the SILVACO
family is implemented in this work in order to numerically
solve Eqs. (1) to (12) for the proposed structure at both DC
and AC operations [21]. The most important models in terms
of the transverse electric field dependent mobility, bandgap
narrowing and Shockley-Read-Hall (SRH) recombination

have been activated in the ATLAS for accurate calculations.
To reach realistic results, the ATLAS simulator has been cal-
ibrated with an experimental data [22]. The various parame-
ters in terms of the low-electric field mobility, energy relaxa-
tion time and electron saturation velocity have been modified
for the best fitting.

4 Improvements for The ETDS-TFET Structure

The most important parameter in the case of the transverse
characteristic have been evaluated for the conventional
TFET, PNPN-TFET and ETDS-TFET structures as shown in
Fig. 2. The drain current is measured at the bias VD = 0.7 V for
the different gate voltages. Regarding the figure, it is easily
seen that the drain current of the conventional TFET is far less
than that of the PNPN-TFETstructure and the proposed struc-
ture. Since, there is an Esaki tunneling diode inside the source
region in the ETDS-TFET then the tunneling width increases
thereby enhancing the ON current. What makes the present
work more attractive is related to the electric performance
comparison between the PNPN-TFET and the ETDS-TFET
devices. According to the figure, the ON currents are nearly
the same at the operating bias VG = 0.7 V for the PNPN-TFET
and the ETDS- TFET structures. To better understand, three
important parameters in terms of OFF current (IOFF), ION/IOFF
and ambipolar current (Iamb) have been inspected and brought
at the Table 2. ION is evaluated at the conditions of VG =VD =
0.7 V, IOFF is evaluated at the biases of VD = 0.7 Vand VG =
0 Vand also Iambipolar is measured at the biases of VD = 0.7 V
and VG = −0.5 V. Regarding the value of the OFF current, the
proposed structure has given the least value among the con-
ventional TFET and PNPN-TFET structures which is very
desirable. Although, the PNPN-TFET device has presented
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higher ION than the conventional TFET but it suffers from a
very low ION/IOFF as compared to the common TFET. The
situation is very good for the proposed structure since it has
given a ION/IOFF about 1 × 104 which is four orders of magni-
tude greater than that of the PNPN-TFET structure. Also, its
value is more than that of the conventional TFET. Indeed, the
insertion of Esaki tunneling diode inside the source region
modifies the band energy profile along the channel region
and the potential barrier increases resulting in decrease in the
leakage current, considerably. This current is controlled by the
thermionicmechanism and will be reduced owing to increased
potential barrier for the proposed structure as compared to the
PNPN-TFET structure. The other main parameter is related to
ambipolar current. As shown in the table, the ETDS-TFET
exhibits a reduced ambipolar current which is two orders of
magnitude smaller than that of the PNPN-TFET structure.
Hence, it can be stated that the proposed structure perfor-
mance is much better than that of the conventional TFET
and the PNPN-TFET structures for low-power applications.

To better become aware of governing physical mechanism
in the proposed structure, the band energy profile along the
middle of the channel region is plotted for the PNPN-TFET
and the ETDS-TFET structures at the conditions of VD =
0.7 V and VG = 0 V as shown in Fig. 3. As an interesting

exploration, it is evident from the figure that the potential
barrier for the proposed structure is more than that for the
PNPN-TFET structure. Embedding the Esaki tunneling diode
inside the source region, the band energy profile gets an en-
hancedmodification along the channel region thus resulting in
increase in the conduction band energy inside the channel
region when compared with the PNPN-TFET structure. One
meaningful result is that the fewer electrons can overcome the
potential barrier after tunneling from the Esaki tunneling di-
ode inside the source region owing to increase in the potential
barrier. Hence, the leakage current is considerably reduced. It
is worth noting that the role of the potential barrier will be
weak at the ON conditions since the gate coupling on the
channel region increases and therefore available energy levels
for tunneling the electrons enhances. The final result is that the
ON current for the PNPN-TFETand ETDS-TFETstructures is
the same, nearly.

To better understand the performance of the proposed
structure, current density have been graphically brought for
the ETDS-TFET and the PNPN-TFET structures at the oper-
ating conditions of VG = 0 V and VD = 0.7 V as shown in
Fig. 4. It is clearly observed from the figure that the opened
path for the flow of electrons inside the channel region of the
proposed structure has a more resistance as compared to that

Table 2 The extraction of IOFF,
ION/IOFF and Iambipolar for the
ETDS-TFET and the PNPN-
TFET structures

Parameter OFF current (IOFF) Ratio of ON current to
OFF current (ION/IOFF)

Ambipolar current, (Iambipolar)
Structure

ETDS-TFET 1.8 × 10−8 A/μm 1.15 × 104 5.7 × 10−12 A/μm

PNPN-TFET [19] 6.3 × 10−7 A/μm 393.5 2.8 × 10−10 A/μm

Conventional TFET 6 × 10−13 A/μm 2.4 × 103 1.7 × 10−12 A/μm
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for the PNPN-TFET structure. This high resistance in the pro-
posed structure causes the fewer electrons to obtain sufficient
ability to reach the drain region thus reducing the current
density, considerably.

The output characteristic for both the structures at the bias
of VG = 0.7 V has been shown in Fig. 5. Since, the Esaki
tunneling diode has been created inside the source region,
the effective resistance of this region increases thus reducing
drain current, eventually. But, the reduction rate for the pro-
posed structure is not considerable with respect to raised ION/
IOFF investigated at the pervious paragraphs. Moreover, one of
the other improvements can be stated is about the output con-
ductance. In the inset of Fig. 5, the drain conductance as a
function of the drain voltage which is derivative of drain cur-
rent over the drain voltage has been illustrated at the bias of
VG = 0.7 for the PNPN-TFETand the ETDS-TFET structures.
It is evident from the figure that the drain conductance of the

suggested device is less than that of the PNPN-TFET device
promising a powerful isolation between the input and output
ports. It can be sated that the peak junction electric field is
transferred to the source region thus reducing the channel
length modulation for the proposed structure. As a result, the
drain conductance is successfully reduced.

Since the scaling of the devices are going to nanoscale
regime by an aggressive growth, it is important to investigate
the variation rate of threshold voltage for the structures. In this
respect, the threshold voltage as a function of the channel
length is brought at the bias of VD = 0.05 V as shown in
Fig. 6. The threshold voltage in this work is evaluated by
calculating the maximum slope of VG/ID curve finding the
intercept with the X axis (i.e. gate voltage) and then
subtracting the half of the applied drain bias. The figure shows
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that the variation rate of the threshold voltage for the ETDS-
TFET structure is less than that for the PNPN-TFET structure.
The depletion layer extension from the active regions into the
channel region is more for the PNPN-TFET device when
compared with the ETDS-TFET device. Therefore, it can be
concluded that the proposed structure reliability is more than
that of the PNPN-TFET structure at the low-voltage
operations.

The subthreshold swing as an important factor defining the
role of the short channel effect on the reliability of the nano-
structure devices is investigated for the ETDS-TFET and the
PNPN-TFET structures at the bias of VD = 0.7 V as shown in
Fig. 7. The subthreshold swing is defined as the inverse of
derivative of drain current logarithm over the gate voltage at a
specific drain voltage. Regarding the figure, the subthreshold
slope has been reduced for the proposed structure as compared
to the PNPN-TFET structure for the various gate lengths.
Inspecting in the figure, there is a considerable difference be-
tween the subthreshold swing of the proposed structure and
the PNPN-TFET structure at the channel length of 15 nm.
Since, the tunneling process occurs inside the channel region
for the PNPN-TFET it is expected that the effective channel
length starts to dramatically decrease thus increasing the sub-
threshold swing in contrast to the ETDS-TFET structure in-
cluding the tunneling process inside the source region. Hence,
the switching speed of the proposed structure is more than that
of the PNPN-TFET structure for the low-power applications.

The improvements explored until now by the advent of the
ETDS-TFET structure was related to the static electric perfor-
mance. For more comprehensive comparison, the small signal
performance of the structures under the study has been inves-
tigated in terms of the extraction of drain-source conductance,
source-drain capacitance and the minimum noise figure. At
first, the drain-source conductance as a function of the gate

voltage is plotted at the conditions of VG = VD = 0.7 V for
both the devices under the study at the operating frequency
of f = 100 MHz as illustrated in Fig. 8. The ETDS-TFET
structure revealed a less drain-source conductance than the
PNPN-TFET structure showing an efficient device for the an-
alog and digital circuits.

Figure 9 demonstrates the source-drain capacitance as a
function of the gate voltage at the conditions of VG =VD =
0.7 V for the proposed structure and PNPN-TFET structure at
the frequency of 100 MHz. It is clearly seen form the figure
that the source-drain capacitance is reduced owing to higher
gate coupling of the ETDS-TFET on the channel region.
Hence, the reduction of the parasitic capacitance in the
ETDS-TFET device can boost the electrical performance for
the small signal aims.
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The inherent noise existence in the devices has been
proved that can degrade the electrical performance. The
minimum noise figure in the unite of dB versus the
frequency as an important variable which can character-
ize the role of noise on the devices has been shown in
Fig. 10 for the ETDS-TFET and the PNPN-TFET de-
vices at the conditions of VG = VD = 0.7 V. The figure
illustrates a decrease in the minimum noise figure for
the proposed structure in contrast to the PNPN-TFET
structure. One the meaningful result is that the proposed
structure can operate with high reliability in the noisy
environments when compared with the PNPN-TFET
device.

5 Designing Considerations

The important structural parameters of the embedded Esaki
tunneling diode inside the source region in the cases of the
width (W) and the doping concentration (NTD) have a signif-
icant influence on the electrical performance of the ETDS-
TFET structure. Hence, a useful designing guideline has been
proposed to reach the best proficiency when the device works
at the low voltage operations. Figure 11 has shown the ON
current as a function of the Esaki tunneling diode width (W)
for the different doping levels of NTD = 1 × 1018 cm−3, NTD =
1 × 1019 cm−3 and NTD = 1 × 1020 cm−3. As shown in the fig-
ure, the ON current is the highest for the situation of NTD =
1 × 1020 cm−3. The most important reason for this event is
related to the formation of an Esaki tunneling diode with
narrower tunneling width simplifying the transfer of the
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electron from the source region toward the drain region. In the
next figure, the leakage current as a function of W has been
illustrated for the aforementioned doping levels. As shown in
Fig. 12, it is evident from the figure that the leakage current is
more for the doping level of NTD = 1 × 1020 cm−3. The ques-
tion may be asked is that what the doping level is proper for
the proposed structure. In order to select the proper doping
level, the key parameter in the case of ION/IOFF versus the
variable W is evaluated and plotted in Fig. 13. The figure
shows higher ION/IOFF for the W smaller than 16 nm at the
doping level of NTD = 1 × 1020 cm−3 when compared with that
for NTD = 1 × 1019 cm−3. Since, this variable aggressively de-
creases at the doping level of NTD = 1 × 1020 cm−3 for W
greater than 16 nm, it is concluded that the high values of W
are not proper. It should be noted that the ON current is very
low for NTD = 1 × 1019 cm−3 thus removing all the improve-
ments of the ETDS-TFET device as compared to the conven-
tional TFET and the PNPN-TFET devices. Regarding afore-
mentioned texts, it is stated that the doping level of NTD = 1 ×
1020 cm−3 is proper as the final optimum doping level of the
Esaki tunnel diode.

Regarding the selected doping level, Fig. 14 depicts the
ambiolar current as a function ofW. It is clearly observed form
the figure that the ambipolar current is reduced when the var-
iable W decreases. Indeed, increase in the variable W makes a
more conductive source region thereby enhancing the
ambipolar current. As a result, the optimum value of W =
5 nm has been selected for reaching the best electrical perfor-
mance in the proposed structure.

6 Conclusion

The formation of an Esaki tunneling diode inside the source
region of a conventional TFET has been proposed as a useful

method in order to reduce the leakage current for the proposed
structure. The new configuration increases the potential barri-
er inside the channel region thus decreasing the thermionic
current and increasing ION/IOFF. The performance comparison
between the ETDS-TFET, the PNPN-TFET and the conven-
tional TFET structures in terms of the leakage current, ratio of
ION to IOFF, threshold voltage variations, subthreshold swing,
ambipolar current, drain-source conductance, source-drain
parasitic capacitance and the minimum noise figure have
displayed that the proposed structure can reach the best elec-
trical performance for both the static and dynamic operations.
Also, a designing guideline has been done in order to select
the optimum characteristics of embedded Esaki tunneling di-
ode. Hence, it is expected that the ETDS-TFET structure can
attract the special attention of the researchers and experimen-
talists to implement it since it is a very proper candidate for the
low power operations to supersede the conventional TFET
and the PNPN-TFET structures.
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