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1. Abstract:

Graphene is considered to be the most efficient material for the future of nanomaterials. Due
to its unique structure and good thermal and electrical conductivity opened a door for future
research. The graphene based field effect transistors are one of the most important application
of graphene. Thus it can be used after p or n doping for the detection and analysing some of
the substrate. Thus this paper contains a very brief review on the graphene in field of

electrical sensor.

2. Introduction: Graphene is one of the most well studied

nanomaterial in the field of
The advancement of Nanotechnology )
) nanotechnology [2]. Researchers find keen
opens a new door for material based nano

] o o interest towards graphene and its
science providing a lot of exciting o ) )
o ) ] derivatives and it has been studied for past
opportunities  in  the  field  of _ )
) ) ) 40 years [3-9]. Experimentally it has been
biotechnological development due to their )
) found that a very large theoretical area of
special  structure,  components  and o -~
2630 m 2g — 1, the intrinsic mobility of

200000 cm2 v— Is— 1[10, 11] and young

modules value around 1.0 TPa[12] has

properties [1]. This particular branch of
science establish the real evidence for the
statement of Leonardo da Vinci who said
. o been shown by graphene. The thermal
‘Where nature finishes producing its own o )
conductivity of graphene is around 5000
Wm— 1 K- 1[13, 14] so both the electrical

and thermal conductivity of graphene is

species, man begins, using natural things
and with the help of this nature, to create

an infinity of species. _ ) )
high, makes the material appropriate for

transparent conductive electrodes [15].

2. Application of graphene as electrical Graphene has been selected as one

sensor (Field Effect Transistors): of the best material for the future

generation electronic devices due to its
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unique 2D honeycomb lattice structure
responsible for its zero gate semiconductor
nature. The most important application of
graphene is related to FET. A graphene
based FET consists of one gate, a graphene
channel connecting source and drain
electrodes, and a dielectric barrier of ~300
nm SiO, layer separating the gate from the
channel and graphene as a dielectric layer
in back gated graphene based FET [16].
Whereas, top gated graphene based
MOSFETs have been produced with the
help of exfoliated graphenes [17-20],
chemical vapour deposition (CVD) based
graphene grown on Ni and Cu substrates
[21] and epitaxial graphene [22, 23] and
the dielectric materials used for top gated
grapehene based FET are Al,O3, SiO, and
HfO, [24]. Back gated graphene FET
devices have been investigated for years
by several research groups [25-28]. A
large scale transistor arrays with uniform
electrical properties can be achieved by
batch fabrication of graphene transistors
with graphene grown on Cu films [29].
Top gated graphene based FET can be
operated upto a frequency of 26 Hz [30].
The device mobility can be further
changed by using an organic polymer
buffer layer between graphene and
conventional gate dielectrics. 100 Hz cut
off frequency can be obtained by using an

epitaxial graphene formed on a 2 inch SiC

wafer [31]. De Heer group has found that
mobility of graphene grown on the Si
terminated face is less than that of carbon
terminated face and this can help in gating
[32]. The energy gap in graphene layer
which is present just above the carbon
buffer layer is 0.26 eV [33, 34], can be
reduced with increasing thickness and
becomes nearly zero when number of
layers exceeds four [33]. The change in
energy on going from single layer (0.26
eV) to bilayer and trilayer (0.14 eV) is
simply attribute to the breaking of
symmetry due interaction with the
substrate explained with help of Angle-
resolved  photoemission  spectroscopy
(ARPES) studies [35]. FET device made
of pristine graphene shows low o, / loft
ratios due to the finite minimum
conductance of graphene [25]. A bilayer
insulating FET device can be made of an
extra top gate along with a global back
gate [36]. At a lower temperature this
double gated graphene based FETs open a
very small band gap of energy 10meV in
the presence of a perpendicular electric
field [37]. Whereas at room temperatures
similar type of double gated graphene
based FETs and

microspectroscopy can show a tunable

infrared

band gap of energy 0.25 eV in bilayer
graphene based FETs [38]. A fabricated
GNR FETs can be created by EBL

patterning, coupled with oxygen plasma
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etching with widths between 10 and 100
nm and a band gap of 0.2eV has been
observed by using a ribbon of width 15 nm
[39]. Using the same device lo/losratio of
10* is obtained [40]. Recently a chemical
procedure has been followed to successful
formation of GNR FETs with a ribbon
width of 10 nm [41]. From the narrowest
ribbon of width 2 nm the highest ratio of
lo/lof10”  has  been  found  [41].
Graphenebased FETs production can lead
to development in research for the
production of GNR FETs by ‘unzipped’
CNTs wusing plasma etching [42] or
chemical oxidization [43].

A graphene p-n junction has been
produced in which the carrier type and the
density of two adjacent regions decided by

the electrostatic gating [44]. At the bipolar

Table 1

region a  fractional conductance
quantization has found experimentally [44]
and the same ~can Dbe explained
theoretically [45]. p doped graphenes are
in generally more common due to presence
of adsorbate like water. For the preparation
of n doped graphenes high power electrical
of GNRs [46] or high

temperature annealing of graphene oxide

annealing

[47] in ammonia (NH3) is required. A p
type GNR FET gives about 10° loy/lof ratio
after annealing [46]. Electrochemical
doping can be achieved by adding an
electrochemical top gate on the graphene
FETand a doping level of up to 5 x 10"
cm 2 has been found [48]. A controllable
p-doping in graphene can be achieved by
Surface modification of epitaxial graphene
grown on 6H-SIiC (0001) with appropriate

molecular acceptors [49].

In the below table different types of substrates are analyzed to check their respective

gate voltage and range of detection

Type of | Detected Gate  voltage | Range of | Reference
substrate material V) detection
Cu NH;,CO; >1 30 ppm, 4000 | [50]
ppm
N-type silicon | NO2, NH3 -5-5 10 ppm [51]
wafer
Cu NH3 15 50 ppm [52]
SiO,/Si H. 0 1 ppm [53]
Glass pH -0.2-04 3-10 [54]
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SiO,/ adhesive | K* -0.3-0.3 10 nM— 1.0 mM | [55]
tape

SiO;, Hg** —20-20 1nM [57]
PDMS Ca’ -0.6-0.6 1M [58]
Silicone Pb** 0-1 0.02 g/L [59]
rubber/Glass

3. Conclusion:

Graphene has chosen as an
efficient material for using it in various
fields due to its unique structural features.
The application of developing graphene as
a sensor was a real challenge taken by the
researchers and some of them were
successful for the formation of totally
graphene based sensors [60-62]. Although,
this paper only covered few of the
application of graphene but a broader way
can be opened by using
multilayeredgraphene except mono layer
graphene sheet. Electrical sensors of
graphene is quite popular due to its
quantum capacitance effect that can
control the capacitance with respect to the
charge on the connection. Thus graphene
based sensor can act as a wireless sensing
system [63]. Graphene can act as a
supercapacitor due to low band gap of

valence and conduction band which makes

it perfect for using it as electrochemical
sensor  [64-67]. From the above
information it is very much clear that there
are a lot of scopes of research on graphene
and its oxide to make it better for making

it more beneficial.
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