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ABSTRACT Tunnel field-effect transistors (TFETs) are known to exhibit degraded electrical characteristics

at smaller channel lengths, primarily due to direct source-to-drain band-to-band tunneling (BTBT). In

this paper, we propose a technique to suppress direct source-to-drain BTBT by increasing the effective

distance between the source and the drain. We propose to add a ground plane (GP) in the buried oxide

of a silicon-on-insulator (SOI) TFET which depletes the drain and increases the effective source-to-drain

distance. Using 2-D device simulations it is shown that the introduction of the ground plane is effective

in reducing OFF-state current and ambipolar current, as well as, in improving the average subthreshold

swing for the small channel length SOI-TFETs. Additionally, the addition of GP is helpful in ameliorating

the short-channel effects, such as drain-induced barrier lowering and threshold voltage roll-off.

INDEX TERMS TFETs, SOI, ground plane, scalability, short-channel effects, ambipolar current.

I. INTRODUCTION

Tunnel field-effect transistor (TFET) is a promising device

because of its ability to deliver subthreshold swing smaller

than 60 mV/decade at room temperature [1]–[5]. However,

in TFETs with small channel length, there is a direct

band-to-band-tunneling (BTBT) between the source and

the drain leading to unacceptably high OFF-state current

(IOFF), affecting the scalability of the TFETs [6], [7].

Moreover, TFETs suffer from the problem of ambipolar

conduction which restrict the use of TFETs in wide-scale

applications [4], [7]–[9].

Ambipolar conduction in TFETs can be suppressed using

various techniques proposed in literature such as asym-

metric doping in source and drain regions, gate overlap

and underlap, spacer engineering, hetero-dielectric buried

oxide (HDB), gate material engineering, DP-DGTFET

etc [6], [7], [10]–[16]. However, most of these techniques

are not effective at smaller LG and, hence, are not directly

useful in future advanced technologies. For instance, gate-

on-drain overlap method was proposed in [14] to improve

the ambipolar behaviour of the TFETs. This approach can-

not be scaled below a certain LG due to requirement of

about 30 nm overlap for suppressing the ambipolar current

(IAMB). Therefore, techniques that can suppress ambipolar

conduction at small device dimensions are highly desirable.

Further, the scalability of TFETs, which is critical for

employing them in futuristic circuits, has not been inves-

tigated adequately. It is worthy to note that, the IOFF in

a TFET is sensitive to gate lengths, especially when the

gate lengths are small due to dominant direct source-to-

drain tunneling at small channel lengths [6], [17]. This leads

to increased IOFF and degraded average subthreshold swing

(SSavg). As a result, the biggest advantage of TFET to achieve

steeper subthreshold swing is lost at smaller gate lengths

[6], [7], [17], [18]. Additionally, TFETs are prone to short-

channel effects (SCE) such as drain-induced barrier lowering

(DIBL) and threshold voltage (VT ) roll-off [7], [17]. These

problems must be addressed before employing TFETs in

future technologies.

In this paper, we investigate silicon-on-insulator (SOI)

TFET with ground plane (GP) inserted in the buried oxide

(BOX) to ameliorate the above mentioned problems. We

refer to the SOI-TFET with ground plane as GP-TFET.

Ground plane in buried oxide (GPB structure) has been

demonstrated earlier to improve the performance of the

MOSFET in [19]. It has been demonstrated that GBP
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FIGURE 1. Schematic cross-sectional view of GP-TFET.

suppresses DIBL in SOI-MOSFET by acting as a sink to the

drain electric-field. However, since the operating principle of

MOSFETs and TFETs are different, the application of GP in

TFETs is not straight-forward. Additionally, as demonstrated

in this work, the mechanism of improvement in electrical

characteristics in TFETs due to GP is quite different from

that in a MOSFET. It is also worthy to point out that the

focus of the paper is to demonstrate the effectiveness of GP in

improving the scalability of TFET and not to propose TFET

as a better device compared to the-state-of-the-art MOSFETs.

Since, Si-based TFET is analyzed in this work, the reported

ON-state current is comparatively low, in agreement with

literature [4], [5], [10], [11], [15], [20], [21]. Moreover, it

must be pointed out that the main objective of this work is

to demonstrate the relative impact of addition of the ground

plane on the electrical characteristics of the TFET rather

than demonstrating the absolute current and voltage levels

for the proposed device.

In this paper, we have shown that adding GP to SOI-based

TFETs leads to increased effective drain-to-source distance

thus suppressing the direct source-to-drain tunneling in small

channel length SOI-TFETs. In effect, a lower IOFF and a bet-

ter average subthreshold swing (SSavg) is obtained, even at

smaller gate lengths, thus improving the scalability of the

device. The short-channel effects such as DIBL and VT roll-

off are also reduced by the addition of the GP. Moreover,

IAMB is fully suppressed due to the increased tunneling

barrier width at the drain-channel interface in GP-TFET.

The rest of this paper is organized as follows. In Section II,

the proposed device structure and simulation model are

explained. The device operation, characteristics and scalabil-

ity are discussed in Section III. In Section IV, the ambipolar

behaviour of the device is analyzed. In Section V, we have

described the mechanism of suppression of ambipolar current

in a GP-TFET in detail. Section VI concludes the paper.

II. DEVICE STRUCTURE AND SIMULATION MODEL

Fig. 1 shows the schematic cross-sectional view of a GP-

TFET. SOI-based n-TFET consists of a thin silicon film

over buried oxide (BOX) made up of (SiO2) with p
+ doped

TABLE 1. Device parameters used in the simulation of conventional TFET

and GP-TFET.

source and n+ doped drain. The gate dielectric material is

assumed to be Hfo2 (ǫr ≈ 21). In addition, GP-TFET consists

of a heavily doped p+ layer, known as ground plane (GP),

inside BOX at depth dgp. The device without GP is referred

as conventional TFET (C-TFET). The GP-TFET structure

can be created by using the Silicon-on-insulator-with-active-

substrate (SOIAS) technology [22], [23]. The GP is created

by ion-implantation of boron through the silicon film [19].

Since, the GP is throughout the length of the device, GP can

be formed before the formation of the gate, drain and source

areas in the device fabrication flow. The device parameters

used in our simulations are listed in Table 1.

In this paper, all the simulations have been carried out

using ATLAS version 5.22.1.R [24]. We have used non-

local band-to-band tunneling (BTBT) model to compute

the tunneling current [24]. We have used bandgap narrow-

ing (BGN) model to account for highly doped regions in

the devices. Fermi-Dirac statistics and Shockley-Read-Hall

recombination models are also included in our simula-

tions. All doping profiles are assumed to be abrupt. The

tunneling through the gate oxide is ignored, as in ear-

lier works [10], [13]–[15], [20], [21]. Since, the silicon film

thicknesses is 10 nm, we have not considered the quantum

confinement effects arising due to thin SOI body [25]–[27].

We have calibrated the simulation setup using [10], [15] and

have also used in [11], [20].

III. SCALABILITY ANALYSIS OF GP-TFET

To evaluate the performance of GP-TFET, we use the fol-

lowing definitions in this work as shown in Fig. 2: a) ION
is defined as the drain current at gate voltage (VGS) = drain

voltage (VDS) = supply voltage (VDD), b) IAMB is defined

as the drain current at VDS = VDD and VGS = −VDD, c) the
drain current at which the transfer characteristics start to

take off is defined as IOFF (i.e., minimum drain current in

the transfer characteristics) and the corresponding voltage is

known as VOFF,1, d) threshold voltage (VT ) is the positive
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FIGURE 2. Definition of Electrical Parameters [11].

FIGURE 3. Band diagram in C-TFET and GP-TFET along PP′ in OFF-state (a)
LG = 20 nm (b) LG = 10 nm.

gate voltage at which the ID = 10
−7A/µm at VDS = VDD and

e) VOFF,2 is the gate voltage (VGS < 0) at which the drain

current starts rising. Ideally VOFF,2 should be −VDD, f) SSavg
is the inverse slope extracted from VOFF,1 point to VT point in

the transfer characteristics as described below [7], [10], [11]:

SSavg =
VT − VOFF,1

log(10−7) − log(IOFF)
. (1)

A. TRANSFER CHARACTERISTICS AT SMALLER LG
The motivation behind the introduction of ground plane is to

deplete the drain and increase the effective distance between

the source and the drain. Fig. 3(a) shows the band diagrams

of C-TFET and GP-TFET for LG = 20 nm in the OFF-state.

It can be seen that for the GP-TFET, the bending of the

energy-bands extends more into the drain region compared

to the C-TFET, indicating the extension of the depletion

region in the drain. This results in an increased effective

drain-to-source distance in GP-TFET compared to C-TFET.

As a result, the direct source-to-drain tunneling is inhibited

in GP-TFET. Moreover, the band diagrams for C-TFET and

GP-TFET for LG = 10 nm are shown in the Fig. 3(b). It can

be observed that at LG = 10 nm, the problem is aggravated

by an increased direct source-to-drain tunneling in C-TFET.

However, direct source-to-drain tunneling is suppressed in

GP-TFET even at LG = 10 nm.

The transfer characteristics of C-TFET and GP-TFET at

LG = 20 nm are compared in Fig. 4. From Fig. 4, it can

be inferred that the IOFF decreases from 5 × 10
−10A/µm in

C-TFET to 1 × 10
−15A/µm in the GP-TFET. The reduction

in IOFF can be attributed to the increased effective source-

to-drain distance which suppresses the direct source-to-drain

FIGURE 4. Transfer characteristics for LG = 20 nm.

FIGURE 5. Scaling trend of SSavg for C-TFET and GP-TFET.

tunneling in GP-TFET. Additionally, SSavg (averaged over 8

decades of current) improves from 104 mV/dec in C-TFET

to 62 mV/dec in GP-TFET. Fig. 5 shows the device scaling

trend for SSavg exhibiting the superior scalability of GP-

TFET compared to C-TFET, especially for LG ≤ 20 nm.

The improvement in the scalability of GP-TFET can be

attributed to the depletion of majority carriers in the drain,

as explained below.

Fig. 6(a) and 6(b), respectively, show the band diagrams

along Y-axis in drain for the C-TFET and GP-TFET at equi-

librium. It is evident that in GP-TFET, due to the insertion

of GP, the drain gets depleted, especially close to the BOX,

as shown in the encircled region. However, it should be

noted that the depth of GP dgp plays an important role in

the depletion of drain region. Fig. 6(c) shows the impact

of increase in dgp on the band diagrams along Y-axis in

drain for C-TFET and GP-TFET. It can be seen that as dgp
increases, the conduction band comes closer to the Fermi

level and the drain depletion becomes comparatively low.

For very high value of dgp, the drain depletion ceases and

band profile becomes almost similar to the C-TFET. Infact,

the improvement in scalability is found to disappear when

dgp > 10 nm.

Further, it is important to analyze the impact of Ngp on

the electrical characteristics of GP-TFET. Using simulations,

we found that varying the Ngp by 50% around Ngp =
10

20atoms/cm3 do not degrade the ambipolar performance.
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FIGURE 6. Band diagram in (a) C-TFET (b) GP-TFET (c) Impact of increase in
dgp on the band diagram in the drain region along QQ′ (as shown in Fig. 1)
at VDS = VGS = 0 V for LG = 20 nm.

Moreover, maximum change in ION by the variation of Ngp in

the above-mentioned range is 6.2%. Similarly, it is important

to analyze the impact of tgp on the performance of GP-TFET.

Using simulations, it is observed that even 50% variation in

tgp around tgp = 10 nm do not impact the characteristics of

the GP-TFET. The maximum change in ION by the variation

of tgp in the above-mentioned range is 2.8% only.

Next, Fig. 7(a) and 7(b), respectively compares the elec-

tron concentration across the cutline PP′ and RR′ for

LG = 20 nm. It is evident that the electron concentration

in the drain region is much lower in GP-TFET compared

to C-TFET, indicating the extension of the depletion region

into the drain in GP-TFET. The effective source-to-drain

FIGURE 7. Electron concentration for C-TFET and GP-TFET at VDS = 1 V and
VGS = 0 V for LG = 20 nm (a) along PP′ (b) along RR′ .

FIGURE 8. Band Diagram of (a) C-TFET and (b) GP-TFET along RR′ at
LG = 20 nm and VGS = 0.1 V .

distance can be defined as the distance between the metal-

lurgical source-channel junction and the point in the drain

where the electron concentration becomes equal to the intrin-

sic carrier concentration (ni = 1.5 × 10
10atoms/cm3). It is

observed that the effective source-to-drain distance increases

from 22 nm in C-TFET to 34 nm for GP-TFET for cutline

PP′ and from 22 nm in C-TFET to 54 nm for GP-TFET for

cutline RR′. This results in improving the scalability using

ground plane. Another important point to note is that the

effective drain-to-source distance increases throughout the

thickness of the silicon body (both along PP′ and RR′) in

GP-TFET. This can be attributed to the thin silicon body

(tsi = 10 nm) and is important for improving the scalability

of the device.

B. DIBL AND VT SHIFT

In this section, the short-channel effects such as DIBL and

threshold voltage roll-off are analyzed for C-TFET and

GP-TFET.

Fig. 8(a) and 8(b) compare the effect of drain potential on

the band diagrams of C-TFET ans GP-TFET, respectively.

It is evident that the drain potential has a more pronounced

effect on the tunneling barrier in the C-TFET compared to

the GP-TFET. This implies that the GP-TFET is expected

to exhibit a lower DIBL compared to C-TFET.

To quantify the DIBL effect, we measure the difference

in the gate voltage required to attain the same drain current,

at low drain voltage and at the drain voltage same as the

supply voltage. The DIBL can be computed at drain current

IDIBL = 10
−9A/µm as follows [20]:

DIBL =
VGS,2 − VGS,1

VDS,2 − VDS,1
(2)
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FIGURE 9. Transfer characteristics of (a) C-TFET (b) GP-TFET at LG = 20 nm

highlighting DIBL.

FIGURE 10. Scaling trend of DIBL characteristics for C-TFET and GP-TFET.

where, VGS,2 is the gate voltage at which ID = IDIBL and

VDS = VDS,2 = VDD. Similarly, VGS,1 is the gate voltage at

which ID = IDIBL and VDS = VDS,1 = 0.1 V .

Fig. 9(a) shows the transfer characteristics of C-TFET

at VDS = 0.1 V and VDS = 1.0 V for LG = 20 nm. It

is evident that for the C-TFET, the transfer characteristics

are highly dependent on the drain voltage and the extracted

value of DIBL is 121 mV/V . Fig. 9(b) shows the transfer

characteristics of GP-TFET at VDS = 0.1 V and VDS =
1.0 V . The extracted value of DIBL is 81 mV/V for GP-

TFET, thus suppressing DIBL by 33%.

Fig. 10 shows the DIBL for GP-TFET compared to C-

TFET at different gate lengths. For LG < 20 nm, the GP-

TFET exhibits markedly lower DIBL compared to C-TFET.

Next, the threshold voltage (VT ) roll-off for the TFET is

analyzed. Fig. 11 shows the threshold voltage of C-TFET

and GP-TFET at different gate lengths. It is evident that there

is an appreciable VT roll-off in C-TFET compared to GP-

TFET. To quantify VT roll-off, we can compute the change

in threshold voltage as follows:

�VT = VT,LG=L1 − VT,LG=L2 (3)

where, VT,LG=L1 is the threshold voltage at LG = L1 and

VT,LG=L2 is the threshold voltage at LG = L2. Here, L1 =
50 nm and L2 = 10 nm. �VT is found to be 155 mV

for C-TFET. However, for GP-TFET, �VT is 40 mV , thus

suppressing the VT roll-off by 74%.

It is worthy to point out that the addition of GP is known

to improve the scalability of a MOSFET by improving the

FIGURE 11. Comparison of VT roll-off for C-TFET and GP-TFET.

FIGURE 12. Electron concentration for (a) C-TFET and (b) GP-TFET at
VDS = 1 V and VGS = −1 V for LG = 50 nm.

electrostatics of the device [19]. Therefore, it is important

to assess if the improvement in the scalability in TFET can

be attributed to the improved electrostatics. Our study shows

that the mechanism of improvement in scalability due to GP

is quite different in a MOSFET and a TFET. In a MOSFET,

the scalability improvement is due to the GP providing sink

to electric field such that the electric field lines from drain

are not able to reach the source directly. However, in a

TFET, introduction of GP results in the depletion of the

drain region resulting in increased effective drain-to-source

distance and suppression of direct source-to-drain tunneling

that becomes dominant at smaller gate lengths. Therefore,

in a TFET, the improvement in scalability cannot solely be

attributed to improved electrostatics, but also to the increased

effective drain-source distance that suppresses direct source-

drain tunneling.

IV. AMBIPOLAR BEHAVIOUR OF GP-TFET

In TFETs, depending on the polarity of the gate voltage, the

BTBT can occur at the source-channel junction as well as

the drain-channel junction, resulting in ambipolar conduc-

tion [7], [11]. However, in CMOS circuits, the ambipolar

behaviour is not desired. In this section, the ambipolar

behaviour of GP-TFET is analyzed.

Since, addition of the GP results in the drain depletion

at the drain-channel interface, hence, BTBT is expected to

be suppressed in GP-TFET. Fig. 12 shows the electron con-

centration for GP-TFET and C-TFET in the ambipolar state.

Using simulations, it is found that in the ambipolar state,

the electron concentration in the drain region for GP-TFET

is much lower compared to C-TFET, as depicted in Fig. 12.
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FIGURE 13. (a) Band diagram along PP′ (as shown in Fig. 1) (b) Transfer
characteristics for n-type C-TFET and GP-TFET for LG = 50 nm (c) Transfer
characteristics for p-type C-TFET and GP-TFET for LG = 50 nm.

The corresponding band diagrams in the ambipolar state

are compared in Fig. 13(a) illustrating the increased tun-

neling barrier width in the GP-TFET. Consequently, there

is a dramatic decrease in the IAMB = 1.3 × 10
−9 A/µm in

C-TFET to IAMB = 1 × 10
−15 A/µm in the GP-TFET for

LG = 50 nm, as shown in Fig. 13(b). The IAMB decreases

from 1.8 × 10
−9A/µm in C-TFET to 1 × 10

−15A/µm in

GP-TFET for LG = 20 nm (refer Fig. 4).

In this paper, we have primarily analyzed n-type TFETs.

However, considering CMOS applications, it is important to

examine the impact of addition of GP in mitigating the IAMB
in p-type TFETs. Our simulations show that addition of GP

suppresses IAMB in p-type TFET also. Fig. 13(c) compares

the transfer characteristics of the p-type C-TFET with p-

type GP-TFET for LG = 50 nm. It shows that addition of

GP results in a decrease in IAMB from 1×10
−9 A/µm to 1×

10
−15 A/µm. For a p-type TFET, the following parameters

are used: NS (n-type)= 1 × 10
20 atoms/cm3, ND (p-type)=

5 × 10
18 atoms/cm3 and φm = 5.3 eV . The other device

parameters of p-type TFET are same as in Table 1. The

optimum parameter values for GP in p-type TFET are found

to be: dgp = 6 nm and NGP (n-type)= 1 × 10
20 atoms/cm3.

Since the depth of the GP (dgp) is the important param-

eter in the GP-TFET structure. It is important to analyze

the impact of dgp on the ambipolar behaviour of the device.

Using simulations, it is found that dgp > 6 nm is not able

to fully suppress the IAMB as shown in Fig. 14. As dgp
increases beyond 6 nm, the ground plane becomes less effec-

tive in depleting the drain in the ambipolar state. Therefore,

a dgp ≤ 6 nm is desirable for fully suppressing the ambipo-

lar current till VOFF,2 = −VDD. However, it is important

FIGURE 14. Transfer characteristics of GP-TFET at different dgp.

TABLE 2. Comparison of ambipolar behaviour of GP-TFET with other

reported techniques in literature [11].

to mention that dgp cannot be decreased arbitrarily to very

small values, since for extremely small dgp (for instance,

2 nm), the ON-state current decreases as shown in Fig. 14.

The reduction in ION can be attributed to the reduced energy

window available for BTBT at the source-channel interface.

Hence, the optimum dgp ≈ 6 nm results in fully suppressed

IAMB, reduced IOFF . However, it should be noted that the

addition of GP does not impact the ON-state current for

optimum dgp (i.e., dgp = 6 nm). Additionally, it is worthy to

note that in a TFET, the subthreshold swing depends on VGS
in contrast to a MOSFET. When VGS is small, the subthresh-

old swing is very small (the drain current rises steeply) and

as the VGS is increased, the subthreshold swing increases

(the drain current rises gently). The addition of GP does

not impact the subthreshold characteristics as evident from

Fig. 14.

The ambipolar performance of the GP-TFET is compared

with respect to the other reported techniques in Table 2 [11].

The distinguishing advantage of the GP-TFET is that it can

fully suppress the IAMB at maximum negative gate bias,
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FIGURE 15. Illustration of Wtunn and Eov in a GP-TFET (band diagram
along RR′).

i.e., VOFF,2 =−VDD. Moreover, the suppression of ambipo-

lar current can be achieved at smaller gate lengths also,

which can be attributed to the scalability of the GP-TFET

as demonstrated in the previous section.

V. MECHANISM OF SUPPRESSION OF AMBIPOLAR

CURRENT IN GP-TFET

In a GP-TFET, as mentioned above, when the dgp is

decreased, the drain becomes more depleted of the carri-

ers, and the ambipolar current is suppressed. In this section,

we examine the mechanism of suppression of the ambipolar

current (IAMB) in more detail. The tunneling current in a

TFET primarily depends on two parameters: [7]

1) Tunneling barrier width (Wtunn)

2) Energy band overlap (Eov)

These parameters are illustrated in Fig. 15. When Wtunn is

small or Eov is large, then more tunneling current flows in

a TFET. These parameters are modulated by the existence

of the GP, and the combined effect of these modula-

tions suppresses the IAMB, as described in the following

paragraphs [7], [29].

A. IMPACT OF GP ON WTUNN

In a TFET, an unwanted tunneling occurs at the drain-channel

interface in the ambipolar mode (VGS = −VDD and VDS =
VDD). For the full suppression of the ambipolar current, the

drain throughout its thickness (represented by tdrain in Fig. 1),

should be depleted. In GP-TFETs with small silicon body

thickness such as tsi = 10 nm, addition of the GP results

in depletion of the drain throughout its thickness. Thus, an

increase in the Wtunn at the top (along cutline PP′), as well
as, at the bottom (along the cutline RR′) is observed, as

shown in Fig. 16(a). This results in full suppression of IAMB
for dgp ≤ 6 nm (as already shown in Fig. 14).

Further, it should be noted that the thickness of the silicon

body also plays an important role in deciding whether the

complete drain along its thickness is depleted. For instance,

if the thickness of the silicon body (tsi) is 20 nm, then

FIGURE 16. Wtunn vs dgp at VGS = −VDD and VDS = VDD for
(a) tsi = 10 nm (b) tsi = 20 nm.

though the Wtunn is increased at the bottom of the drain

(along cutline RR′), it is not increased at the top of the

drain (along cutline PP′) even for dgp < 6 nm, as illus-

trated in Fig. 16(b). As a result, the ambipolar current in

a GP-TFET with tsi = 20 nm is 8 × 10
−10A/µm even at

dgp = 6 nm in contrast to 1 × 10
−15A/µm for tsi = 10 nm

at dgp = 6 nm.

B. IMPACT OF GP ON EOV
The addition of GP decreases the energy band overlap (Eov)

at the drain-channel interface. As the GP is brought closer

to the drain, the band overlap decreases further. In Fig. 17,

the decrease in the energy band overlap (�Eov) extracted

using device simulations is shown. The �Eov is defined as

Eq. (4):

�Eov = Eov,20 − Eov (4)

where, Eov,20 is the energy band overlap at dgp = 20 nm

and Eov is the energy band overlap at a given dgp. It can

be noticed that with the decrease in the dgp, the impact

of the GP becomes prominent and �Eov increases. The

increase in �Eov can be attributed to the modulation in

the potential in the drain due to the application of the GP.

As the dgp is decreased, the potential in the drain (ψd)

is modulated and the bands in the drain move upwards,

resulting in an increase in �Eov. The ψd in the drain,

which is depleted of the carriers, can be computed as

follows [30]:

ψd =

⎛

⎝−
γ

2
+

√

γ 2

4
+ VDD − VFB)

⎞

⎠

2

(5)

where, γ =
√

2qǫsNDdgp
ǫox

, ǫox= permittivity of silicon dioxide,

ǫs= permittivity of silicon and VFB=flat band voltage.

In Fig. 17, the ψd (with respect to ψd at dgp = 20 nm)

computed using Eq. (5), is also shown. The trend of ψd and

�Eov with respect to dgp is showing a good match. Since,

Eq. (5) is a very simplistic model, the mismatch in ψd and

�Eov are expected. However, Fig. 17 illustrates that decrease

in the band overlap (�Eov) in GP-TFET can be attributed

to the modulation of the potential in the drain ψd. Since the

decrease in the energy band overlap suppresses tunneling,

this analysis shows that the decrease in �Eov due to the
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FIGURE 17. Trend of variation of ψd and �Eov w.r.t dgp at VGS = −VDD
and VDS = VDD.

existence of the GP contributes to the suppression in the

ambipolar current in a GP-TFET.

VI. CONCLUSION

In this paper, using 2-D simulations, we have demonstrated

that including the ground plane in the buried oxide at an

appropriate depth in an SOI-TFET improves the scalability,

mitigate the problem of ambipolar conduction and is helpful

in ameliorating the short-channel effects. The proposed tech-

nique highlights the importance of depleting the drain of the

majority carriers as an effective technique to suppress the

direct source-to-drain tunneling in the short-channel TFETs.

Therefore, interesting attributes of the GP-based TFETs are

worth experimenting.
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