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Abstract
By applying tensile local uniaxial strain on 5 nm of drain region and compressive local uniaxial strain on
2.5 nm of source and 2.5 nm of channel regions of graphene nanoribbon tunneling field-effect transistor
(GNR-TFET), we propose a new bandgap-engineered (BE) GNR-TFET. Simulation of the suggested device
is done based on non-equilibrium Green’s function (NEGF) method by a mode-space approach. Simulation
results show that, compared to the conventional GNR-TFET, the BE-GNR-TFET enjoys from a better ambipolar behavior and a higher on-current. Besides, the analog characteristic of the proposed structure such
as transconductance (gm) and unity-gain frequency (ft) is also improved.
Keywords: Density of States (DOS); Graphene Nanoribbon (GNR); Non-Equilibrium Green’s Function (NEGF);
Tunneling Field Effect; Unity Gain Frequency (ft).
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INTRODUCTION
In recent years, reducing the size of the
common CMOS transistors to less than 100 nm for
gaining a higher integration density and a higher
speed has faced multiple problems including, an
increase in the static power consumption caused
by an increase in three parameters of the ambipolar current, the sub-threshold-swing and the
leakage current [1-2].
In order to improve the energy efficiency of the
electronic circuits, tunneling field effect transistors
have been introduced [3-4]. Tunnel FETs have
a P-I-N structure and their on-current is of the
band to band tunneling (BTBT) type. Because
of the current mechanism, they have a very low
subthreshold slope and are therefore well suited
for low-power applications [5-6].
Graphene and graphene nanoribbons have
unique and highly promising properties, such as
direct energy-bandgap, very small width, and at
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the same time, high strength and high electron
mobility. These materials have nowadays attracted
a lot of attention and are utilized at the channel of
field effect transistors [7-8].
In order to enhance the electric properties
of GNR-based TFETs, different techniques have
already been adopted such as dual material gate
[9-11], hetero-structure chirality [12], electrically
activation or charge plasma [13-15], and lightly
doped source and drain [12-16]. In most studies,
it was mainly aimed to reduce the am-bipolar
current, which sometimes leading to the reduction
of the on-current.
The present study has investigated the
possibility of simultaneously improving the oncurrent and am-bipolar current of a GNR-based
TFET by applying a compressive and tensile local
strain to the source-channel and channel-drain
regions, respectively. It is also worth noting that,
GNR is about an atomic layer in thickness, which
allows for the exertion of local strain on it by placing
graphene over a sub-layer or oxide-fabricated

This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

S. Abbaszadeh et al.

(a)

𝜑𝜑𝑀𝑀= 𝜑𝜑𝐺𝐺𝐺𝐺𝐺𝐺

(b)

𝜑𝜑𝑀𝑀= 𝜑𝜑𝐺𝐺𝐺𝐺𝐺𝐺

Fig. 1. Schematic cross-sectional of the (a) conventional TFET and (b) proposed structure.

Fig. 1. Schematic cross-sectional of the (a) conventional TFET and (b) proposed structure.
width on the source-channel side, the on-current
patterned like trenches [17-18]. The rest of the
has been increased. To this end, this study has
paper is organized as follows: in Device structure
thus applied the local strain onto the suggested
and Simulation method section, the modified
structure.
and the conventional structure are introduced
Figs. 1 (a) and (b) show the conventional GNRand the simulation method will be explained. The
TFET and the bandgap engineered (BE) GNR-TFET,
simulation results will be discussed in the Results
respectively. The length of structure is considered
and Discussion section, followed by a conclusion
to be 60 nm, and each of the source, channel,
of the study in the last section.
and drain regions is supposed to be 20 nm. The
considered oxide is HfO2 having a dielectric
Device Structure and simulation method
As explained before, tunneling transistors suffer
constant of 16 (K = 16) with the thickness of 2
from a low on-current and an inappropriate amnm. The channel material is GNR of the type
bipolar behavior. The on-current and am-bipolar
armchair with n=12 and the doping densities of
behavior in the tunneling structure are caused
the source and drain regions are of the type P+
respectively by the carriers’ tunneling from the
and N+, respectively, with NSD=10-2 dopants per
valence band of the source to the conduction band
atom. The work function of gate materials ( ö M
of the channel and the carriers’ tunneling from
) is chosen to be similar to that of the graphene
the channel valence band to the drain conduction
nanoribbon ( ö GNR ). In the proposed structure, in
band. By increasing the tunneling barrier width on
order to increase the on-current and decrease the
the channel-drain side, the am-bipolar current has
off-current and am-bipolar behavior, local strain
been reduced, while by decreasing the tunneling
is applied onto the source-channel and channel-
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with that
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 0   


structure. According to this figure, the proposed
t3   U M 

structure outperforms the conventional one by
having a lower am-bipolar current and a higher
Where, U i , t3 , b 2q and b1q are the on-site
on-current. Moreover, from this figure, it can be
electrostatic potential at the i-th GNR ring, the
realized that the local-strained structure has a
hopping parameters between the third, second
better subthreshold-swing.
and first nearest-neighbor GNR rings for the q-th
To justify the am-bipolar behavior, the diagrams
mode, respectively, which have been computed as
of the electron density spectrum for different energy
follows [21]:
levels along the device at VGS=-0.2 V and VDS=0.4 V
have
been depicted for the conventional structure




 (3-a)
b1q =
t0 1 + 4Cedge sin 2  π q
 / ( n + 1) 
and the proposed structure in Figs. 4 (a) and (b),
1
+
n
(
)




respectively. As shown in these figures, by applying



(3-b)
tensile local strain onto a part of the drain side,
b 2q = 2t0 cos  π q

 ( n + 1) 
the energy bandgap, and as a result, the tunneling

(3-c)
t3 ≈ 0.2 eV
barrier width on the drain side increases, and so the
am-bipolar current decreases. Since the off-current
t0 ≈ 2.7 eV is the tight-binding parameter
occurs due to the tunneling of the carriers from
between two nearest-neighbor carbon atom and
the channel valence band to the drain conduction
Cedge = 0.12 is the edge bond relaxation parameter.
band, using of local compressive uniaxial strain on
When the uniaxial strain is applies to the GNR,
the source and channel regions, have a negligible
some elements of the Hamiltonian matrix should
effect on the am-bipolar and off-current.
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Fig. 5 represents the IDS-VDS characteristic of
the common TFET and that of the local-strained
TFET at VGS=0.5 V. The on-current in the proposed
structure increases considerably. For example,
as this figure shows, at VDS=0.4 V and VGS=0.5 V,
the on-current increases from 1.74 mA (of the
common structure) to 5.92 mA (in our suggested
structure).
The diagrams of the electron density spectrum
along the device in the on-state and for VGS=0.5
V and VDS=0.4 V have been illustrated in Fig. 6 (a)
and (b), respectively. Due to the application of the
compressive local strain to 2.5 nm of the channel
and to 2.5 nm of the source, the energy bandgap
and the tunneling width reduce in these regions,
Int. J. Nano Dimens., 11 (4): 392-398, Autumn 2020

and hence the on-current increases.
Fig. 7 shows the comparison of
transconductance (gm) changes in terms of the
gate-source voltage variations. Compared to the
conventional structure, the proposed structure
has a higher gm, which can be explained by the
increased sensitivity of the current to the gatesource voltage variations. Applying local strain
on the source side leads to the reduction of the
tunneling width. Due to the tunneling nature of
the current, the current exponentially increases
as the tunneling width decreases. The following
∂I
formula is used to calculate gm: g m = DS .
Next,

the

changes

of

the

∂VGS

unity

gain
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Fig. 6. Energy band diagrams (white lines) and the electron density spectrum across the (a) C-T-GNRFET and (b) proposed structure
Fig. 6. Energy band diagrams (white lines) and the electron density spectrum across the (a) C-T-GNRFET
at VGS=0.4 V and VDS=0.4 V.
and (b) proposed structure
at VGS=0.4 V and VDS=0.4 V.
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frequency () for the gate-source voltage
variations has been shown and compared
in Fig. 8. ft has been calculated as follows:
g
ft = m .
2π C g

Based on the above formula, ft depends on
two parameters of gm and gate capacitor (Cg). Cg
is the series combination of oxide capacitance
(Cox) and quantum capacitance (CQ). Cox is equal
in the two structures owing to their similar gate
structures. However, in the proposed structure,
by applying local strain into the considered parts,
the CQ and thus the Cg will increase. Since, in our
proposed structure, gm has increased more than
CQ, the ft will also increase.
CONCLUSION
In the present study, by applying local uniaxial
strain on 2.5 nm of source and channel and 5 nm
of drain region, we have introduced a modified
T-GNRFET. Simulations show that the proposed
device exhibits on-current up to about 2.5 order
of magnitude larger than that of its conventional
rival. Furthermore, analog characteristics of the
device such as transconductance and unity-gain
frequency have also been shown to be superior to
that of the conventional TFET. For the simulation,
we employed non-equilibrium Green’s function
(NEGF) method by the mode-space transformation.
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