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Abstract:

Present study concerns on the effect of B/P compound on the electrical properties of the
pure graphene sheet. The calculations are including the electrical conductivity, thermal
conductivity, 1-V characteristic and transmission coefficient. These calculations are carried
out using GOLLUM program. We showed that good relax of the studied graphene sheets was
obtained using LDA/SZ DFT at SIESTA - trunk - 462 of program. Electrical and thermal
conductivities of the pure graphene sheet GR1 still the largest, and for the doped, they are of
the order of GR6 > GR5 > GR4. The I-V characteristis were analyzed, and the transmission
coefficient of the pure graphene sheet is higher than that of doped graphene sheets.

Keywords: Graphene sheet, Electrical conductivity, Thermal conductivity , 1-V
characteristic, and Transmission coefficient.
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1. Introduction

Graphene is a 2-D atomic layer of
carbon atoms, the building block of the 3-
D structure graphite. While graphite has
been a well-known and used material since
antiquity, a single graphene layer was not
isolated and studied until relatively
recently [1-3]. Graphene was generated by
several different chemical techniques in the
1960s and 1970s, but it was not until 2004
when K. S. Novoselov, A. K. Geim, and
coworkers at the University of Manchester
introduced a simple technigue involving
the mechanical exfoliation of graphite to
isolate single graphene layers [1,4,5].

The availability of graphene flakes
made the study of its properties possible
and led to the enormous interest and
intense activity in graphene research
currently ongoing [5-8]. Graphene is a
material with unique electronic transport
properties such as a high Fermi level,
outstanding carrier mobility, and a high
carrier saturation velocity. These properties
are complemented by excellent thermal
conductivity, high mechanical strength,
thin, and flexibility. These characteristics
make graphene an excellent candidate for
advanced applications in future electronics
[7-9].

In particular, the potential of
graphene in high-speed analog electronics
is currently being extensively explored
[3,6,8]. In this paper, we discuss briefly the
basic electronic structure and transport
properties, 1-V characteristis, conductance
and transmission coefficient of pure GR1
and doped graphene sheets GR4, GR5 and
GR6.

2. Theoretical Methods and
Computational Details
The calculated properties  of

graphene sheets in figure 1 are carried out
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using density functional theory LDA/SZ
basis sets method.

Exe’lpl = [ p(¥) exc(p(#))dr (1)
p(7) electrondensity ,Eyq[p]exchange-
correlation energy

G=GCo/_, dE T(E)(—df (E)/dE)  (2)

G The electrical conductance ,Go
quantum of conductance ,Efis the Fermi
energy .

The structures of the studied sheets
are designed at Gaussian View 5.0.8
program[10], the relaxation of the studied

30°.SEM images were obtained with
Tescann-Vegall microscope.

structures was done using the
SIESTA — trunk - 462 program [11], and
all the calculations are carried out using
GOLLUM program " version 1.0 " [12].

3. Result and Discussion:

Figure 1 illustrates the relaxed
junctions of the suggested structures in this
research, these structures are included a
pure graphene sheet GR1 and the G-B/P
(two lines, one line and dot) sheets as GR4,
GR5 and GR6, respectively. We showed
the addition of B and P atoms in pure
graphene sheet to construct the doped
graphene sheets has not effect on the
structural properties of the structure, the C-
C, C=C and C-H bonds remain in the same
ranges of carbon rings structures[13,14].
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Figurel: The relaxed junctions of the
studied graphene sheets. (Hydrogen(H)=
white: Carbon (C)= gray: Boron (B)= violet:
Phosphorus (P) = orange)

Figure 2 shows that the electrical
conductivity of the doped graphene sheets
is in the order of GR6 > GRS5 > GR4, the
electrical conductivity of the sheet with dot
doped ring in the middle of the sheet is the
highest value 4.83 ps . This sheet has multi
channels of electron transport in
comparison with the two others. GR4 and
GR5 have electrical conductivity equal to
3.27 ps and 1.04 ps, respectively. The
reason of this result is due to that GR6 has
small number of B and P atoms in
comparison with GR4 and GR5. Increasing
the number of B/P compounds in the sheet
leads to decrease the electrical
conductivity. Figure 2 showed the pure
graphene sheet GR1 still has the largest
value of electrical conductivity.
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The form of the addition B/P
compound in the sheet has a significant
role in the electrical conductivity values.
Graphene sheet with dot doped ring in the
middle of the sheet has high electrical
conductivity in comparison with the other
doped sheets. In other words, the electrical
conductivity of the pure paper GR1 is the
largest compared with the rest of the doped
sheets.
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GR6
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Figure 2: Electric conductivity in (us) of the
pure and doped graphene sheets

The effect of the B/P compound on
the thermal conductivity of graphene
sheets is shown in figure 3. The thermal
conductivity of the doped graphene sheets
has the same behavior of the electrical
conductivity. GR6 of the dot B/P doping
ring in the middle of the sheet has the
highest value of thermal conductivity
(1.321*10"° W / m. K), GR5 has
7.203*10™ W / m. K and GR4 has thermal
conductivity of 4.931*10™ W / m. K. [15,
16]. Also, the pure graphene sheet GR1 has
the higher value of thermal conductivity
than the three doped sheets.
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Figure 3: Thermal conductivity of the pure
and doped graphene sheets
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Figure 4: The I-V characteristic of the pure
and doped graphene sheets

Figure 4 shows the analyze of the I-
V characterization of the doped graphene
sheets GR4, GR5 and GR6 with the one
pure GR1. After each sheet inserted in
between two gold contacts electrodes with
a suitable anchor atom between the
electrode and the sheet (figure 1), a bias
voltage of 3 Volts was applied in the
direction of the axis connecting both the
anchor atoms. The Fermi level of the
electrode was fixed and was considered
lying in the middle of LUMO-HOMO gap.
From figure 4, we observed that the GR6
(dot doping ring in the middle of the sheet)
gave sensing behavior at 2.6 Volt bias
voltage and -2.6 Volt reverse voltage. For
GR4, the required bias voltage and reverse
voltage for sensing are (1.25 and -1.25),
and (1.5 and -1.5) Volts for GR5. A very
valuable result obtained from above
behavior, since this behavior reduces
completely the high temperature effects
that appear in the old macro devices. The I-
V curve indicates to that the appropriate
contact with the electrodes have rather
limited effect on the sensing performance
of the doped graphene sheets. current
results since the lowering of the energy gap
between the HOMO of the doped sheet and
the Fermi level of the electrode in the
forward and reverse bias [15, 17].
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Figure 5 illustrates the relationship of
the calculated values of the transmission
coefficient of the three doped graphene
sheets GR4, GR5 and GR6 with the pure
GR1. We showed that the sheet with small
number of B and P atoms as a dot doped
ring in the middle of the sheet has the high
value of transmission coefficient in
comparison with the other doped sheets,
this due to high number of open channels.
In general, the transmission coefficient of
the sheets has a wide range on energy
scale. The pure GR1 without scattering
region has a suitable transmission
coefficient in a wide range of energy. In
other words, The pure graphene sheet has
higher value of transmission coefficient
than that of the doped sheets. This could be
ascribed to the effect of the B and P atoms,
since the presence of these atoms cause
rotation of the phenyl rings they are
located and twist the paper of the graphene
sheet, and that could affected the tuning
between the energy channels or levels of
the sheet and the electrodes result in a
quantum destructive interference between
the waves that propagate from the left
electrode to the right electrode, which
reduce the transmission coefficient. the
results in figure 5 could be understand in
terms of the impact of the number and the
shape of the doping in the sheet[16, 17].
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Figure 5: The transmission coefficient of the

pure and doped graphene sheets
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Conclusions

1. The electric conductivity , thermal
conductivity and  transmission
coefficient are decrease when
added the B and P atoms to
grapheme as a doped .

2. The studied graphene sheets show
I-V  characteristics very much
similar to sensing type. This
behavior reduces completely the
high temperature effects that appear
in the old macro devices.

3. Pure graphene sheet has multi
channels of electron transport, That
means, the decreasing the number
of B and P atoms in the sheet
increases the number of channels
that the electrons can pass and
therefore gave the sheet high
electrical and thermal
conductivities..

Reference

K. S. Novoselov, A. K. Geim, S. V.
Morozov, D. Jiang, Y. Zhang, S. V.
Dubonos, I. V. Grigorieva, and A. A.
Firsov, Journal of Science, Vol. 306,
PP. 666669, 2004.

K. S. Novoselov, A. K. Geim, S. V.
Morozov, D. Jiang, M. I. Katsnelson,
I. V. Grigorieva, S. V. Dubonos, and

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

-92 —

A. A. Firsov, Journal of Nature, Vol.
438, PP. 197-200, 2005.

Y. Zhang, Y. Tan, H. L. Stormer, and
P. Kim, Journal of Nature, Vol. 438,
PP. 201-204, 2005.

A. K. Geim and K. S. Novoselov,
Journal of Nature Mater, Vol. 6, PP.
183-191, 2007.

Ph. Avouris, Journal of Nano Lett.,
Vol. 10, PP. 4285-4294, 2010.

P. R. Wallace, Journal of Physics
Rev., Vol. 71, PP. 622-634, 1947.

J. S. Moon, D. Curtis, M. Hu, D.
Wong, C. McGuire, P. M. Campbell,
G. Jernigan, J. L. Tedesco, B. VanMil,
R. Myers-Ward, C. Eddy, Jr., and D.
K. Gaskill, Journal of IEEE Electron
Device Lett., Vol. 30, PP. 650-652,
2008.

Y.-M. Lin, K. A. Jenkins, A. Valdes-
Garcia, J. P. Small, D. B. Farmer, and
P. Avouris, Journal of Nano Lett.,
Vol. 9, PP. 422-426, 2009.

Y.-M. Lin, C. Dimitrakopoulos, K. A.
Jenkins, D. B. Farmer, H.-Y. Chiu, A.
Grill, and P. Avouris, Journal of
Science, Vol. 327, PP. 662, 2010.

T. Keith and J.
View 5.0.8",

R. Dennington,
Millam, "Gauss
Semichem Inc, 2008.

E. Artacho, J. Gale, A.Garc, J.
Junquera, P.Ordej, D. anchez-Portal
and J. Soler, "SIESTA-trunk-462",
Fundaci on General Universidad Aut
onoma de Madrid, 2013.

J. Ferrer, C. Lambert, V. Garcia-
Suarez, S. Bailey, S. Hatef, D.
Manrique, "GOLLUM version 1.0",
Lancaster University, 2014.



JOURNAL OF KUFA - PHYSICS, Vol.8/No.2 (2016)

Hawraa A. Abdulridha ; Hamid |. Abbood; Sabah N. Mazhir

[13] L. Pauling, "The Nature of the
Chemical Bond", Cornell University
Press, United States, 1960.

[14] F. Allen, D. Watson, L. Brammer, A.
Orpen and R. Taylor, Journal of

International Tables for
Crystallography, Vol.C, PP.790-811,
2006.

[15] J. Soren and R. Morten, "Electronic
and optical properties of graphene and
graphene antidot structures”, Master
Thesis , University of Aalborg, 2013.

[16] F. Molitor, "Electronic properties of
graphene  Nanostructures”,  Ph.D.
Thesis, ETH, 2010

[17] B. Ghavami, A. Ebrahimzadeh,
Journal of Mesoscale and Nanoscale
Physics, Vol.1, PP. 1-6, 2015.

-903-—



