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Abstract- Two different types of Graphene Nanomesh Field Effect Transistor has been tested with aluminum oxide (Al,O3) and
Tantalum (Ta) as a gate dielectric materials. Graphene Nanomesh bandgap is engineered with Virtual NanoLab (ATK). The material
parameters such as channel thickness and width of Graphene Nanomesh Filed Effect Transistor are extracted. The transistor operation
is modeled with Drift-Diffusion Model Space (DDMS). The two different transistor devices are analyzed by applying various gate
bias voltages. The transfer and output characteristics are observed. The functionality of the transistors are calculated for high
frequency input signals. The maximum frequency is observed for aluminum oxide top-gated dielectric Graphene Nanomesh Filed

Effect Transistor.
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1. INTRODUCTION

Graphene has a unique ambipolar behavior like carrier
transport phenomenon. Both electrons and holes are contribute
for current conduction. Graphene Filed Effect Transistor (GFET)
works for Radio Frequency (RF) applications [1].

The device performance in Radio Transmitter Units
(RTU) is limited by using conventional graphene material. This
is due to the bandgap limitations. The reduced gate length,
carrier mobility and cut-off frequency results in short channel
effects in GFET [2, 3].

This problem is being overcome in non-conventional
Field Effect Transistor such as Graphene Nanomesh Field Effect
Transistor (GNMFET) [3, 4]. High channel area of GFET
increases channel width during alternating current (AC)
operations [5, 6]. In GNMFET short channel effects are reduced
due to defect (nanoholes) in graphene sheets. This is also called
as Graphene Nanoribbon (GNM) .Such materials can also be
used for device design which can operate at high frequency.

GNMFET has many advantages. At high frequency
operations conventional GFET’s result in low drain current
saturation. This is not the case with GNM channel and results in
better saturation of the drain current. Also it has high
mechanical strength and required thickness. GNMFET operates
based on high mobility, and conductivity. This purely depends on
a change in the gate to source voltage (Vgs) at high input
frequency [7, 8].

GNMPFET is designed with the aluminum (Al) drain and a source
electrode and gold (Au) as a top gate contact. The semiconductor
device is constructed with (SiC/Al,Os/Al) gate control for

GNMFET; and gate-stack (Si/Al,O3/Ta/ Al,Os/Au) technique for
GNMFET, in TCAD simulator tool [9]. GNMFET developed on
Silicon (Si) and Silicon Carbide (SiC) substrate are more useful
for carrier transport. And also easily visible at the time of
characterization [3, 10, 11, 12]. GNMFET operates on direct
current (DC) gate bias voltages (Vgs) which controls the drain
current (Ip). This due to high gate capacitance of Al,Os. The gate
oxide material makes a stable difference between
semiconducting nature of channel and the Aluminum (Al)
electrode. This avoids drain leakage current from the device [13,
14, 8].

In Radio Transmitters units GNMFET is used for signal
encoding as a frequency amplifier [13]. GNMFET has better
performance at high frequency. Transistor’s frequency of
operation has cut-off limit called as band-stop frequency. This is
very high for GNMFET with regard to conventional transistors
[10, 6].

2. MATERIALS AND METHODS

2.1 Graphene bandgap opening
Graphene can be utilized for design of high-speed
electronic devices, but limited by controllability of electron
mobility transport in the material. GFET operates on high-speed
AC signal transmission due to a short channel effect. The
modeling of GNM is a new approach for nanostructure
development [4]. It is possible with semi-metal material. By
adding nanoholes into the graphene sheet the carrier transport
phenomenon is improved in GNMFET as shown in Figure 1 [8].
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The GNM is prepared using channel thickness of 5 nm.
GNMFET can support higher current density than GFET. It is
tuned by varying the neck width. Graphene Nanomesh developed
on Virtual NanoLab. (Atomistic toolkit) [12, 4].

Figure.1: Graphene Nanomesh (GNM).

3. DESIGN METHODOLOGY

Al,O; top-gate dielectric GNMFET; structure is
developed on Silicon Carbide (SiC) substrate by extracting
device parameters shown in Table 1 [10, 11]. 2D structures of
GNMFET have been modeled with Silvaco Atlas device

Table 1: Device Parameter for GNMFET;

Device Parameter Region Material
Gate Dielectric 63 nm Al,O;
Gate-Stack 67 nm Tantalum
(Ta)
Self-Aligned Gate Dielectric 13 nm /22 AlL,Os/Ta/
Thickness (Top/Bottom) nm Al,O4/Al
Substrate 300 nm Silicon (Si)

simulation software shown in Figure 2 [13]. The device modeling
steps includes mashing, auto-grid, region identifications, material
interfacing, boundary conditions material, device modeling,
numerical methods and simulation with DC as well as AC input
parameters. GNMFET; has been modeled on atlas design tool
and separates GNM on Silicon Carbide material [14]. GNMFET,
device channel is confined in gate dielectric (Al,Os) placed in
between the gate contact and the GNM channel material at 22 nm
range [7].
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Figure 2: Device structure of GNMFET1 model with Al203
gate dielectric material extraction.

3.1 Device Structure of GNMFET,

In GNMFET, structure, GNM s placed on Silicon
substrate. It is confined within self-gate aligned structure called
gate stacking. The material for stacking is Tantalum (Ta). The
gate Gold (Au) and Tantalum (Ta) are separated by Al,O; gate
dielectric material [9]. The dielectric-dielectric phenomenon of
the gate stack improves the output characteristics of the
GNMFET,. The carrier transported through this channel. The
flow of electrons from source to drain is higher at every state
with respect to the low gate voltage (Vgs). Tantalum gate-stack
graphene transistor [9, 13] with the same device parameter but
different values of gate parameters are simulated. GNM top-
gated (Al,O3) is stacked with two different metal [15].
GNMFET, structure is shown in Figure 3. The gate dielectric
material parameters are listed in Table 2 [6].

Table 2: Device Parameter for GNMFET,

Device Parameter Region Material
Device Length 160 nm Graphene
Metal Contacts 50 nm Aluminum
Gate Dielectric 22 nm Al203

Thickness
Dielectric Width 67 nm Al203
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Figure 3: Device structure of self-aligned GNMFET,

In GNMFET, device gold (Au) of 50 nm thickness is
deposited as a gate contact metal on the Si substrate [14]. The
drain and source contact is formed by Al at 10 nm and bottom
substrate of Ta at 70 nm [9]. Ohmic conduct is used to assign the
electron thickness and carrier transport of the GNMFET. The top
gate capacitance has been extracted using the AC analysis. This
minimizes the resistance and the parasitic capacitance between
source and drain during operations.

4. DEVICE MODELING
4.1 Drift-Diffusion Model Space (DDMS)

Both the GNMFET1 and GNMFET2 structures are
modeled using Drift-Diffusion Model Space (DDMS). The
operation of GNMFET is purely based on the carrier transport
equations that is calculated by the DDMS device model. The
utilization of DDMS is compatible with 2D semiconductor
devices as compared to the Schrodinger wave equation or mode-
space NEGF models. Floating body effect of GNMFET are
controlled by DDMS model [6].

5. RESULTS AND DISCUSSION
5.1. Electric Field
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Figure 4: Electric field from source to drain in
GNMFET,.

The electric field depends on the confined GNM
channel material. The behavior of the electrons transmitted
through GNMFET devices are recorded in the Figure 4. This
representation electric field with less distortion medium and is
applicable for designing high-speed electronic devices [6, 16].
Due to GNM/AI,O; interfacing, the limited electrostatic potential
of Fermi energy level is equalized with zero electric fields.

5.2 Total Current Density
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Figure 5: Total current density

Current density developed in the channel region, is due
to the electrons and holes using G-R mechanism in the GNMFET
devices. This is shown in Figure 5. The total carrier density is
controlled by the applied gate voltage (Vgs). This improves the
current carrying phenomenon of the GNMFET device. Current
density of the GNMFET device varies with respect to +Vgs and -
Vs, respectively.

5.3 Output Characteristics
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Figure 6: Ips vs Vps carve of GNMFET;

The output characteristics of the Al,O; top-gated
GNMFET, is shown in Figure 6. The Al,Os gate dielectric layer
is separated by GNM channel and gate (Au) contact. From
source-drain, channel region is confined by drift-diffusion model
space (DDMS). Effectively, curvature formation (in Figure 6) by
a change in the gate to source current varies from positive to
negative drain voltage (-0.8Vps to 0.6Vps). Gate leakage current
is negligible during the measurement.

mA/um® at -1Vps current saturation. And this is desirable for
power gain performance in high-frequency GNMFET,.

5.4 Transfer Characteristics
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Figure 8: Ips vs Vs characteristics of GNMFET,

The GNMFET;‘s transfer characteristics as inferred
from the simulation results as shown in Figure 8. This describes
the relationships between drain current (Ip) gate to source voltage
(Vgs). The GNMFET, is considered to be switched on from low
to the high with respect to applied gate voltage (Vgs). The slope
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Figure 7: Ips vs Vps carve of GNMFET,

The (Ips Vs Vps) output characteristics are given in
Figure 7. It indicates that 5 nm channel is confined within gate
stack in GNMFET,. The maximum scaled ON-current is 1.73
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Figure 9: Ips vs Vs characteristics of GNMFET,
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0.1V Vgs or less is applied to the gate dielectric
material. This is for interfacing electron-hole symmetry which
commonly originates from the misalignment between the work
function of contact or electrodes. Hence, an increment in the
negative shift Dirac point increases the drain voltage effectively.
This is in line with half Dirac point change in Vgs. The finite
element calculation top gate capacitance is 359 nF/ cm™ in
GNMFET, as shown in Figure 9.

5.5 Maximum Frequency:

From the above two transfer characteristics of the
devices, GNMFET should be more preferable to perform at high
input frequency signals. GNMFET, are tested under 3 MHz
input frequency. If channel length of the GNMFET, decreases,
then the Dirac point is shifted towards the positive direction.
This negates the short channel effects. This is also improves the
strength of a signal in the transistor [5].
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Figure 10: Maximum frequency of top-gated Al,O5 dielectric
GNMFET;.

The maximum frequency observed for GNMFET is up-
to 10 MHz is shown in Figure 10. This produces multiple
oscillations. The application of GNMFET; is for Radio
transmitter Unit [5-12].

6. CONCLUSION

The GNMFET devices were developed by adding Drift-
Diffusion Model Space (DDMS) model using Silvaco Atlas
TCAD tool. Comparative analysis of both the devices showed
difference in Ips vs Vgs curve and found GNMFET; more
superior than GNMFET, for high-performance in carrier
transport. Output frequency of 10 MHz was achieved by
GNMFET, device on giving 3 MHz input frequency. Therefore,
GNMFET; can be used in Radio transmitter unit, short distance
high frequency communication in military operations, satellite
communication, mobile RF unit etc.
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