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ABSTRACT This paper presents a new design of charge plasma junctionless tunnel field effect transistor
(CP JLTFET) with improved ON current, surface potentials. For the ease of fabrication, source and drain
regions are induced in intrinsic silicon material using proper metal workfunctions. The rate of tunneling of
electrons is found more in case of proposed CP JLTFET. The cavity length is varied between 8 nm and
10 nm and different dielectric constants have been used. This increased the ON state performance of device
i.e ON drive current, potential and electric field. The increase in tunneling of electrons is mainly due to high
recombination of carriers in the channel region. The proposed device simulated their electrical parameters
like drain current, surface potentials, electric field, and energy bands with different dielectric constants. These
excellent performance parameters of the proposed device with an appropriate material can be used for sensing

application of biomolecules by introducing a cavity in the device.

INDEX TERMS Charge plasma, dielectric modulation tunnel FET, biosensor, biomolecule sensitivity.

I. INTRODUCTION

In the current scenario, biosensors play a very important role
in biomedical, medical engineering with the help of Nano-
materials utilization. The development of biosensors targeted
the applications in the field of medical, environmental and
agricultural [1], [2], [3], [4]. A biosensor device is used to
determine the existence of biological molecules, for example
proteins, nucleotides etc. [5], [6]. To detect the biomolecules,
Biosensor devices are developed based on FETs due to its ad-
vantages such as easy design, low cost etc. In recent decades,
good number of biosensors design based on FET like Ion sen-
sitive field effect transistor (ISFET), dielectric modulated field
effect transistor (DM-FET), Si-Nanowire Tunnel Field effect
Transistors [7], [8], [9], [10]. All these devices are experiences
a issues like short channel effects (SCEs), ultra doping profile.
By increasing the gate terminals one can reduce the issue of
SCE’s but in nanoscale devices, doping profile is still a major
problem in the fabrication process. There is one solution to
overcome this problem is junctionless field effect transistor
[11], [12], [13].

From Literature, number of researchers have been pre-
sented the designed and the fabrication aspects of the
junctionless field effect transistor. This device is easy to fab-
ricate because throughout the substrate the doping profile is
same and it has good improvements in electrical parameters
as compare to MOSFETs. The subthreshold swing (SS) is one
of the important parameter in TFET, here this parameter is
better for JLTFET. Junctionless tunnel field effect transistor
overcomes the issues of SS and fabrication process [14], [15],
[16], [17], [18], [19].

The JLTFET has been design with gate underlap region,
here both sides of gate materials etched along with dioxide
layer to introduce the region of cavity which is useful for bind-
ing the biological molecules [20], [21], [22]. Biosensors based
on JLTFET shows good improvements in electrical param-
eters such as drain current, energy bands, surface potential,
electric field, threshold voltage of gate underlap in comparison
with conventional DM-TFET [10], [23], [24], [25], [26]. Here,
we have proposed a biological sensor based on double gate
dielectric modulated JLTFET for the purpose of detection of
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FIGURE 1. The schematic view of the propsoed TFET device.

biological molecules both neutral and charged. A nanocavity
region is created to permit the immobilization of biological
molecules on the tunneling junction within the device. The
wet etching process is preferred to make a nanocavity in the
proposed device. We have observed the electrical parameters
drain current, energy bands, electric field, surface potential of
the proposed device. So consider this into account, the DG
DMILTEFET device is simulated for different dielectric mate-
rials with various biological molecules based on its dielectric
constants.

In this paper, we have find out the performance parameter
i.e sensitivity of the proposed device when the nanocavity
filled with both the charge molecules. Also, different values of
relative permittivity of biomolecules effects on drain current,
energy bands, electric field, and surface potential for neu-
tral and charged biological molecules is explored. The paper
organizes as follows, In Section II, we have discussed the
proposed device structure and its specifications. In Section II1,
we have discussed the characteristics of the proposed device
in the presence of both the charged molecules followed by
conclusions in Section IV.

Il. THE PROPOSED DEVICE & ITS DIMENSIONS

The schematic view of the proposed device as shown in Fig. 1.
The Proposed device of the channel is divided into two re-
gions. The proposed device of its cavity length taken as 8 and
10 nm and the oxide layer (HfO;) whose length is taken as 42
and 40 nm. The metal work function of both the gates is 4.5
eV. The spacer between the gate and source (Lgs) is 3 nm and
between gate and drain (Lgd) is 15 nm [27], [28], [29].

The schematic view of the proposed device structure and its
calibrated drain current characteristics curve shown in Fig. 1.
We have considered an appropriate metal work function of
electrodes on ultrathin silicon film with induced regions of
source and drain (S/D) in the proposed device. The “p+" type
source is framed in the intrinsic silicon substrate by using
metal electrode (work function=5.1eV ) which creates ma-
jority of positive charge carries i.e holes in the source side. In
the similar way the “n+" type drain is framed in the intrinsic
silicon substrate by (work function= 4.5eV) which creates
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TABLE 1. The Proposed Device Dimensions and Its Parameters Used in
Simulation

Parameters . .
Dimensions

250 nm
42 nm and 40 nm

Device Length

Length of the gate overlap area (Lg)
Length of the nanocavity region (Lcavity)
Gate Work -functions

8 nm and 10 nm
391 eVand 4.2 eV

Width of the Cavity region 2.5 nm
Length of the Spacer (Las) 3 nm

Oxide thickness 2.5 nm
Silicon thickness 10 nm

Concentration of Channel 1 %108 ¢cm™

majority of negative charge carries i.e electrons in the drain
side.

Table 1, provides the parameters of the proposed de-
vice used in simulation. All simulation parameters are taken
constant for all the three architectures. For proper functioning,
the thickness of intrinsic silicon substrate kept within the De-
bye length ((es; * V7 )/q + 60 % N)'/2, where n, s;, Vr, and q
are substrate carrier concentration, silicon dielectric constant,
thermal voltage and electronic charge of the silicon respec-
tively [30], [31], [32], [33], [34]. To minimize the quantum
mechanical effects, a 10 nm thickness silicon body is consid-
ered. A SiO; layer of thickness 0.5 nm and 3 nm is placed
between metal electrodes of source and drain respectively. A
3 nm and 15 nm spacer thickness are used between source-
gate and drain-gate respectively. The parameters utilized in
simulation for conventional JLTFET [35], [36] are: highly
doped carrier concentration ni = 1.0 x 10'%/cm?, silicon film
thickness = 10 nm, gate silicon dioxide thickness (tox) =
2.5 nm, channel length (L) = 7 nm and gate work function =
4.3 eV. For inducing holes having equivalent concentration of
1 x 10'® /em™3 in the source region, platinum metal electrode
is utilized.

All the simulations are carried out in ATLAS Silvaco
TCAD simulator [37], [38], [39], [40] to understand and
compare the physical process of architectures. The Non-local
BTBT model is employed to find the recombination tunneling
generation rate. To study the reverse and forward tunnel-
ing, quantum tunneling region is placed at the junctions of
drain-channel and source-channel. To account for carrier re-
combination, Shockley-Read-Hall and Auger recombination
models are invoked.

1Il. RESULTS AND DISCUSSIONS

The dielectric constant represents the kind of biomolecules.
There are two types of biomolecules i.e neutral and charged.
The neutral biomolecules of their simulations based on dielec-
tric constants while the simulation of charged biomolecules
based on the dielectric constants as well as the charge den-
sity. The biomolecules of their immobilization induces band
to band tunneling process for different dielectric constants
and interfacing charges from source to channel region. There
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FIGURE 2. Transfer characteristics of the proposed device with cavity
region length = 8 nm.

are variations in drain current as the cavity region length
varies due to the immobilization of biomolecules. From Fig. 2,
it clear that the variety of biomolecules in the cavity have
different kind of dielectric constants and with cavity region
length 8 nm at Vgg = IV.

The cavity region consists of air is represented by the
notation ‘ID_Cavity = 1°. Similarly, cavity region is filled
with biomolecules of dielectric constant 2 is represented by
‘ID_Cavity = 2’ and so on. The cavity regions are introduced
in the proposed device under the gate, the tunneling barrier
width increases due to low electron tunneling arises. After
introducing the biomolecules in the cavity region of the pro-
posed device, the tunneling barrier width decreases with the
increment in dielectric values as shown in Fig. 2. The OFF
current at drain is remains constant because there is increase
in the energy band curve which leads to the depletion of
the tunneling barrier width. The reduction of the tunneling
barrier width does more curving the energy band that will
leads to more tunneling of electrons between the conduction
and valance band of the source.

For different dielectric values of the proposed device with
cavity region of 10 nm at V43 = 1.0V, the drain current varia-
tions due to the immobilization of number of biomolecules as
shown in Fig. 3. It is observed from Fig. 3, there is changes
in the drain current when the cavity region length increases
from 8 nm to 10 nm. This slightly change in drain current
is occurs due to the tunneling principle. Also observed that
increase in cavity region length that impact on the tunneling
barrier width widens which in turns leads reduce the tunneling
probability. The reason behind is when we increase the cavity
region length, that reduces the capacitance between the chan-
nel and the gate. Hence, the cavity region length increase in
the proposed device impact the drain current i.e decreases.

The charged biomolecules are considered both dielectric
values and interfacing the charges (ID_Nf). When the posi-
tive charged biomolecules are immobilized in the proposed
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FIGURE 3. Transfer characteristics of DLDGTFET with different value of
cavity for cavity length = 10 nm.
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FIGURE 4. Drain current for DLDGTFET with cavity length = 8 nm for
different (a) Positive interfacing charges and (b) Negative interfacing
charges.

device under gate, there is variation in drain current shown
in Fig. 4(a) It is known that the charge is proportional to
the current, therefore an increase in the interfacing charges,
the drain current increases because it decreases the tunneling
barrier width. When negative charged biomolecules are im-
mobilized in the proposed device under the gate as shown in
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FIGURE 5. Effective electric field with different cavity at (a) Cavity
length = 8 nm and (b) Cavity length = 10 nm.

Fig. 4(b). For negative charged biomolecules the drain current
is low comparatively due to low charge density. The drain
current for the negative charged biomolecules increases with
increase in the interfacing charges and the OFF state current is
remains constant. The variation in drain current is same as for
positive charged biomolecules i.e the drain current increases
with respect to increase in the charge density.

The variations in the electric field for different dielectric
values of biomolecules as shown in Fig. 5. It is observed that
the electric field is higher for the higher dielectric values of
biomolecules. This is happened when gate voltage is applied
for the proposed device, it induces the electric field. We know
that the length of the cavity region is highly influence by
the electric field, from Fig. 5(a), (b), it is observed that the
higher dielectric constant produces higher electric field in the
proposed device and the more electric field produces more
tunneling of electrons which in turns produces high drain
current.
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FIGURE 6. Energy band diagram with cavity region of 8 nm for K = 10 for
(a) Different positive interfacing charges. (b) Different negative interfacing
charges.

Fig. 6(a) holds the same explanation for the increased cavity
length i.e., 10 nm as it was for the charged biomolecules for
cavity length 8 nm. It is observed that an increase in the
positive interfacing charges will increase the drain current.
This happens due to lowering of the tunneling barrier between
the conduction and the valence band as shown in Fig. 6(b).

Fig. 6(a) shows an increase in the drain current because
the charge density of the negatively charged biomolecules in-
creases due to the same fact that the tunneling barrier reduces
and the tunneling probability of the electrons increases which
leads to a higher drain current as seen in Fig. 6(b). In spite of
all, the OFF state current remains constant throughout.

For measuring the performance of the proposed device
as a biosensor, the drain current sensitivity is one of the
main factor we have considered in our investigation. The
proposed device of its drain current sensitivity characteristics
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FIGURE 7. The sensitivity of the proposed device of cavity length (a)
Lg = 8 nm (b) Lg = 10 nm.

with nanocavity region length 8 nm and 10 nm respectively at
Vps = 1.0V are shown in Fig. 7(a) and (b). The sensitivity fac-
tor of the proposed device when biomolecules with dielectric
value 3 is taken into account with respect to air is notated as
’SS_k = 2vs1 and so on. As we have seen that drain current is
associated with dielectric values. Here, from Fig. 7(a) and (b),
we have observed that the sensitivity of the proposed device
is increases with the drain current of cavity length 8§ nm and
10 nm. The sensitivity has been improved when the nanocav-
ity region length is 8 nm and also whenever there is moderate
change in the dielectric values. Therefore, the proposed device
have ability to sense the biomolecules because it is directly
proportional to the drain current sensitivity.

IV. CONCLUSION

In this paper, we have design and simulated the proposed
DGDM JLTFET device with nanocavity of 8§ nm and 10 nm
for different dielectric constants. As we know that TFET is
like p-i-n transistor and the fabrication of the device is very
complex as it has abrupt junctions but the proposed JLTFET
overcome the issue of abrupt junctions. We have simulated
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and analyzed the proposed with different dielectric values like
K =1 to K = 23 for the detection of biological molecules.
The proposed device induces the source and drain region
with suitable workfunctions in the intrinsic channel area. In
our analysis, the proposed device have shown pronounced
electrical parameters like drain current, surface potential for
various nanocavity regions. We have observed that the charge
carriers recombination rate increases for the proposed device
and this impact and improvements in drain current, surface
potential, electric field and energy bands. By introducing the
nanocavity with length of 8 nm for the proposed device under
gate overlap region, the improvement in performance param-
eters, that shows the proposed device is more suitable for
biosensing applications. In our future work, we will analyze
the sensitivity of the proposed device as biosensor.
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