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Abstract

The current study designed and simulated graphene nanosensors for detection of GLY120 tumor-
associated carbohydrate antigens. Graphene is a two-dimensional nanosheet that offers a high surface-to-
volume ratio and high mobility which increases its sensitivity as a graphene sensor over that of other
nanoparticles. The current study simulated graphene sensors with and without GLY120 tumor markers and
compared the two conditions. GLY120 tumor-associated antigens are present in blood and breast tissue.
When GLY120 was attached to the graphene sheet, the Fermi energy, total energy, potential energy, band
structure energy and electron Kinetic energy of the nanosheet changed. It was then possible to determine the

difference in the V, — I, curves in each state.
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1. INRODUCTION

The development of sensors, especially
in biosensors, has been notable. Nano-
technology is a developing field [1, 2], for
which one of the most important
applications is in sensors. Traditional
nanosensors have been based on carbon
nanotubes (CNTs) [3, 4]. With the
development of graphene from graphite
[5], researchers have sought to find uses
for this type of nanosheet.

Graphene is a  two-dimensional
nanoparticle consisting of bonded carbon
atoms in a hexagonal lattice with unique
properties [6]. It is essentially a single
atomic layer of graphite with exceptional
electronic properties such as a zero
bandgap, carrier mobility exceeding 15000
cm?V~1s~1 at room temperature, ballistic
transport of carriers similar to CNTSs, a
massless Dirac  electronic  structure,
anomalous quantum Hall effects and
extraordinarily high thermal conductivity,
stiffness and strength [7, 8]. Another
unique attribute is its high surface-to-
volume ratio [9], which makes possible its
use for highly sensitive sensors [10, 11].

Graphene is used in biosensors based on
graphene for detection of various
biomolecules [12-14] and in graphene-
based nanomedicine applications [15-17].
The current study designed and simulated
graphene nanosensors as biosensors to
detect GLY120 tumor—associated
carbohydrate antigen. This antigen is
found in blood and breast tissue. The
results demonstrate that adding GLY 120 to
the surface of a graphene nanosheet alters
the properties of the graphene (Fermi
energy, energy band structure, total
energy, potential energy and electron
Kinetic energy). The changes in the
graphene properties cause changes in the
Vp — Ip characteristics in the presence of
GLY120. The simulation assumes that the
proposed sensor is functionalized and only
specific molecules are attracted to it.

2. PROPOSED METHOD

A graphene electrode was initially
designed using a gold electrode, which
offers greater conductivity than other
atoms [18]. To study the effect of the
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presence of GLY120 on the graphene
channel and sensor characteristics, the
sensor structure was simulated with the
graphene  electrode  without  other
molecules on the graphene sheet channel.
The electrical parameters for the graphene
sheet (Fermi energy, total energy, potential
energy, band structure energy and electron
kinetic energy) were obtained. Next, the
tumor marker was attached to the graphene
and the simulation was repeated.

It was necessary to obtain a parameter
such as electron charge or force between
electrons; thus, the capacitance of the sheet
as a major parameter was calculated. The
graphene sheet was assumed to have three
series capacitances. Using the electron
charge and force between electrons
obtained through the simulation, the series
capacitances were calculated. Next, the
total capacitance (C¢) was calculated (Fig.
1). By using the capacitance of graphene
FET models, the changes in Vp —1Ip
characteristics in presence of GLY120
were determined.

To obtain the properties of the graphene
and calculate the capacitance, the software
Virtual Nanolab was used. This software is
powerful in simulating on a nanoscale.
Virtual NanoLab is a graphical interface
that provides a group of modeling tools for
use in setting up, investigating and
studying nanoscale structures such as
molecules and bulk and two-probe systems
[19].

Figure 1. Schematic of CG capacitor in
graphene sheet.

2.1.Graphene Fet Models
2.1.1. Meric’s Model

Meric’s model [20] was used to
design the graphene nanosensor [20]. This
model is a transistor consisting of two
gates and a graphene channel (Fig. 2).

Source/drain electrodes

Graphene

Top gate

Si0,
Si substrate
Hf0,

Figure 2. Schematic of a graphene FET on
a Si/SiO substrate with a heavily doped Si
wafer acting as a back gate and a gold top
gate.

In the meric’s method, I, is obtained

as.
Zquo Vs
I _ T fo n(w)av (1)
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where Z is top gate width, p, is channel
mobility, L is top gate length, and n(v) can
be obtained by Eqg. (2) [21].
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Oy = sinh™* A (V5 — Vys
—Vin) (5)

Oys = sinh™" A (Vs — Vin) (6)
where the parameters are as below:
Vgst,= 1/45

Vsd=0V

the HfO2 gate insulator (thickness of 15
nm)

back-gated GFETs with thick (300 nm)
gate oxides [21].

2.1.2. GNRFET Model

The  graphene  nanoribbon  FET
(GNRFET) model [21, 22] can be used to
investigate the properties of a graphene
nanoribbon. In order to calculate drain
current in GNRFET model, we can use
following equations [22, 23]:

_
o= W)
n
Ip = % 8
Ip = nquq ©)
vq is given by [24]:
74
Va =T % (10)
éc

where & is the electric fields, p is the
mobility andg is the critical electric field.
Then we have [23]:

Vps
(s ul Vps
_ Lt _u
Va = —vps = 1 [1 Vbs (11)

1
In Eg. (12), the relation between gate
voltage and drain current is shown [22]:

Ep—Ec _ Vg—Vr

— = 12
. T (12)

where Vr is the threshold voltage,Cq, is the

quantum capacitance and Cox is the oxide

capacitance. Finally critical voltage also
can be rewritten as [23]:

L KpT CI(Vg—VT)
V== 13
€7 p|ancymn ’KBT(1+CC_—Q) (13)

The subbands have an effect on the band
structure of the GNR, density of state
(DOS), carrier concentration, carrier
velocity, GNR current characteristics,
carrier mobility and conductance of the
GNR. Each subband has a different
influence on carrier transport in the
conduction and valence bands [23]. The
Ip-Vp curves are plotted herein for the
first, second and third subbands in the
presence of the target chemical molecules
on the graphene sheet.

3. SIMULATION RESULTS
3.1. Simulation Environment

The graphene was 1.4 nm in length and
the tumor marker used was shown in Fig.
3(a). The first simulation did not contain a
tumor marker on the graphene sheet. The
second simulation contained the tumor
marker (Fig. 3(b)) and allowed comparison
of the results.

Figure 3. a)tumor marker b)graphene
electrode in presence of tumor marker.

3.2. Results

After simulation, the capacitances were
calculated and were shown in Table 1.

Table 1. Obtained capacitors values for C
without any molecules and in reaction with
tumor marker

No of 1Tumor
0
molecule marker
Ce 7.93E-32 | 2.28E-31

When the tumor marker was attached to
the graphene surface, the value of C;
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increased. The presence of the tumor
marker increased the value of capacitance
10-fold greater than before. The Iy-Vp
curves of both cases were shown in the
Figure 4.
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Figure 4. I,-Vp curves without tumor
markers (red curve) and in the presence of
tumor marker (blue curve).

Fig. 4 showed that in the presence of
GLY120 tumor marker, the maximum
current of the graphene sheet decreased.
Without the tumor marker, the maximum
Ip was about 3 E®. With the addition of
the GLY120 tumor marker, the maximum
current was about 2 E™%°.

Using the formulations for GNRFET
(section 2), more trials were done to
evaluate the sensitivity of the sheets. The
results for Ip-Vpg at different gate voltages
(0,0.4,0.8, 1.2, 1.6, 2 V) were derived for
the first, second and third subbands.

Fig. 4 also showed that without the
tumor marker, the current value at vd = 1v
and vg = 2v for the first, second and third
subbands was 1.25 E3, >1.6 E® and >1.6
E®, respectively. Fig. 5 showed the results
with the tumor marker and revealed the
current values in the same drain and gate
voltage for the first, second and third
subbands to be 1 E3, 1.4 E® and >1.6 E?,
respectively. It was evident that when the
tumor marker was attached to the graphene
sheet, the drain current changed. This
made it possible to design a graphene
nanobiosensor that was very sensitive in
reaction to the GLY 120 tumor marker.

3.2.1. Properties of Nano-Graphene
Sheet

This section examined the changes in the
Fermi energy of the graphene when
exposed to the GLY120 tumor marker.
Fig. 5 showed that the Fermi energy for
the graphene without a tumor marker was
slightly more than 0.2 Ry and in presence
of the tumor marker was slightly less than
0.2 Ry. The total energy, potential energy,
band structure energy and electron Kkinetic
energy were calculated in simulation and
the results were shown in Fig. 6.

Fig. 7 showed that the final values for
total, potential, band structure and kinetic
energies of the graphene sheet without the
attached molecule were 186000 ev,
186000 ev, 17200 ev and 103700 ev,
respectively. When the tumor marker was
attached, Fig. 7 showed that the final
values for total, potential, band structure
and kinetic energies of the graphene sheet
without the attached molecule were
186000 ev, 186000 ev, 17200 ev and
103700 ev, respectively. When the tumor
marker was attached, these parameters
were evaluated as 182195 ev, 182195 ev,
16292 ev and 101404 ev, respectively.

4. CONCLUSION

This paper presented a novel method for
investigation of the sensor properties of a
biosensor that was created with a graphene
nanosheet. The results showed that the
current decreased when GLY120 tumor
marker was absorbed onto the graphene
sheet. Moreover, when the tumor marker
attached to the graphene sheet, the values
of the Fermi energy, total energy, potential
energy, band structure and electron kinetic
energy decreased. This study confirms that
graphene can be used in a biosensor with
high sensitivity.
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Figure 5. current versus voltage curves; a) without molecules for the first subband, b) in
presence tumor marker for the first subband, c) without molecules for the second subband, d)
in the presence tumor marker for the second subband, e) without molecules for the third
subband f) in the presence tumor marker for the third subband.
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Figure 6. Changes in the Fermi energy a) without any molecule b) in the presence tumor

marker molecule
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Figure 7. The value of the graphene sheet properties without any molecule on the graphene
sheet a) Total energy b) Potential energy c) Band structure energy d) Electronic kinetic
energy.
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