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Abstract— Spin transport characteristics of
single layer ferromagnetic graphene superlattice
nanostructure is explored with application of
external magnetic field and induced infrared (IR)
ac-field with certain optimal value of frequency.
The transfer matrix methods have been used to
calculate the tunneling probability through the
proposed nanostructure and Landuar Buttiker
equation for conductance of both different spin
alignments. Conductance of these spin
alignments is used to declare the spin polarization
and giant magneto-resistance. The Fano factor for
the explored nanostructure has been computed
for both spin alignments. Results show oscillatory
manner with high selectivity form at certain
ranges of transmission control parameters for the
conductance and Fano factor for both spin
alignments. These oscillations might be because
of the induced proximity effect of gating of EuO
which leads to spin filtering. Also results show
that spin polarization attains 100% at certain value
of gate voltage. So the present exploration of spin
transport through single layer ferromagnetic
graphene superlattice might have a scientific
potential in the design and understanding of
graphene superlattice based spin filters by
optimizing the different parameters studied in this
paper.

Keywords— Spin  polarization; graphene
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. INTRODUCTION

Conventional electronics utilize the charge transport
degrees of freedom only, while spintronics aims at
utilizing the spin degrees of freedom alternative to or
with the older degrees of freedom. The devices based
on spintronics have merits over the conventional
semiconductor devices in data processing speed,
integration densities, nonvolatile data storage and
power consumption [1-4]. The information technology
field has been enhanced by a new era that opened up
by the understanding of spin dependent electronic
transport [5-10]. The basic code of data based on
binary system (‘1’) ‘ON’ and (‘0’) ‘OFF’ for the logic
gates, the spin state ‘up’ may be used for (‘1’) and the
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spin state ‘down’ may be used for (‘0’) in addition to
the mixed states are promising in encoding,
manipulating information and the new topics of
guantum information applications.

One of the carbon allotropes is the graphene which is
a single layer of carbon atoms arranged in a
honeycomb like lattice that consists of two
nonequivalent sublattice A and B with two atoms per
unit cell [11, 12]. The half-integer quantum Hall effect
[13], ultrahigh carrier mobility [14], optical effect
[15,16], finite ~minimal electrical conductivity
[13,17,18], special Andreev reflection [19] and some
other properties are novel properties exhibited by
graphene because of its special dispersion relation
which makes its electrons behave like a massless
relativistic particles. Recently, many systems of
graphene have been investigated like effects of
photon and phonon effects on different graphene
nano-composites[20-23], the spin polarized transport
in diluted magnetic semiconductors [24],
ferromagnetic monolayer graphene barrier [25-27], a
double ferromagnetic monolayer graphene barrier
[28], and ferromagnetic monolayer graphene
superlattice [29-31] have been explored which
contribute to interesting results. Long spin lifetimes
are expected in graphene because of its intrinsically
low spin-orbit interaction and hyperfine couplings, also
its adjustable carrier concentration make graphene a
promising nanomaterial for spintronic applications [32-
34].

The technique of superlattice is commonly used for
modulation of band structures and some other
physical properties of different materials [35-37].
Recently, graphene superlattices have been very
interesting topic to explore a various quantum
phenomena [38—41]. In the past few years, utilizing
graphene-based magnetic superlattices [29-31, 42,
43] to enhance spin polarization became very
attractive in spintronic applications.

The shot noise power which is the time-dependent
current fluctuations due to the discreteness of the
electrical charges, provides further information about
the physics of an electronic system other than
transport quantities such as the conductance [44,45].
The shot noise characterized by the dimensionless
quantity Fano factor, F, defined as the ratio of the
between noise power to average current [44]. Many
authors investigated shot noise and Fano factor in
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different semiconductor,
superlattices [46-52].

This paper aims at the exploration of both the spin
polarization transport characteristics and spin
dependent Fano factor of single layer ferromagnetic
graphene superlattice in the presence of both applied
IR ac-field and external magnetic field. This paper is
formed from four sections, first of all was the
introduction, in Section 2, the proposed model and its
theoretical formalism have been introduced. The
numerical results for the spin transport characteristics
of single layer graphene superlattice are presented in
Section 3. Finally, the conclusion with a summary
presented in Section 4.

graphene and silicene

Il. THEORY OF THE PROPOSED MODEL

The next step is to deduce a formula for the
conductance  for  the proposed spintronic
nanostructure. This nanostructure is modeled based
on the good possibility for developing novel spintronic
nanostructure with single layer graphene superlattice
above substrate (SiO,) since it can be changed into a
ferromagnetic graphene. This can be achieved by
depositing a series of ferromagnetic insulator, EuO,
strips on the top of the graphene superlattice sheet
with metallic gate above it ( Fig.1l); magnetic
exchange energy of 5 meV can be induced into this
single layer graphene superlattice sheet [26, 27]. Also
these strips cause a proximity effect splitting of the
electronic states in graphene superlattice [29- 31, 53]
which originates a superlattice with a spin-dependent
potential profile. The two source and drain leads are
normal single layer graphene.

The spin polarization transport is conducted in the
presence of an induced IR ac-field and magnetic field,
B. Photon-assisted conduction channels could be
introduced by the oscillating ac-field that can be
adjusted by the gate voltage to set it in the conduction
window of that nanostructure [54,55]. The applied
magnetic field produces Zeeman splitting with the
contribution from the photon-assisted channels make
the transport different for the different spin alignments
resulting in  photon-assisted  spin  polarized
conductance.

Now starting derive the conductance, G, for
both spin alignments also, the giant magneto-
resistance (GMR) and the spin polarization (SP)
corresponding to the conductance shall be derived as
follows:

The proposed model of single layer graphene
superlattice nanostructure designed as N superlattice
period that consists of (2N-1) normal graphene strips
with 2N ferromagnetic strips interlock.

Dirac equation is used to solve for ¥ with Hamiltonian
H [28-31, 53] as:

oy«
K >

EuO
Fig.1.Schematic diagram of graphene superlattice spintronic
nanostructure.

U =V, +eVy +eV +%gyBBa ®)

where h is the reduced Planck’s constant, ve- Fermi
velocity, oy, . refer to Pauli matrices, ho is the
exchange energy of the ferromagnetic graphene, Vu¢
and V, represent the peak value of induced IR ac-
field and the barrier height respectively, Vyq and V4
represent bias and gate voltages respectively, B
represents the magnetic field strength, g - Lande g-
factor and pg-Bohr magneton. Solving Eq.1, the
following eigenfunctions are:

The eigenfunction in the left single layer graphene
lead is:

1
exp(ik, x
(aexp(i@)] Pk ik y
Px)= e’ | (4)
+r exp(—ik, x
(—aexp(—i&)} Pk, x)
J ’(evac je—in'a)t'
" nhe
And the eigenfunction in the right single layer

graphene lead is:

‘I’R(x)z{t( L Jeikxx.eikyy:|\](evac)e—in’wt (5)
aexp(io) n'heo

And the eigenfunction for certain jth strip of single layer
ferromagnetic graphene is:

1 :
a; [ﬂj expli g )jexp(lijx)

1 .
) (_ﬂj exp(-i ¢ )Jexp(—lk )

Jn,(e\,/ac Jein’a)t'
nN'ho

where, in Eq.(6) ¢ is the incident angle on certain jth
interface, 0 (Egs.(4,5)) is the incident angle on the left
and right graphene leads and the parameters r and t
(Egs.(4,5)) are the reflection and transmission
amplitudes. The parameter o (Egs.(4,5)) is :

¥ (x)= ey | (6)

HY = EY 1)
where, where, kg represents the Fermi wave vector. Also the
H=-iveo.V+o,hy+U +eV cosat parameter f; is:
(2)
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ﬁj:(E—EFi—U +oh; + o) .

hv,:j

eV
In Egs. (4,5,6) Jnf p & | s the n’th -order of
nN'hao

first kind Bessel function [45,46]. Egs. (4, 5, 6)
solutions have to be obtained by the existence of

various minibands N’ in a single layer graphene
superlattice nanostructure, these solutions combined
with eXp(—in‘wt) phase factor [54, 55]. Now

applying boundary conditions at different interfaces
using transfer matrix method [18, 19, 28-31]:

—ik .3L -1
ty_[e 0 1. 1. T 1) (9
0 0 eik* 3L ael@ _ae—IH r

In present nanostructure, the same length, L, for both
normal and ferromagnetic strips is considered.
The parameter T (EQ.9) is:

—ik,L ik, L
T =(MMMM) [ © ° (10)
12e 2 aef ekl _e-ifeikL
where, k, is:
k= ke sin(0) (11)
1
*7 2, cos(g) (12)
By KL yeiiLeidy kL _ekl)
(eik;L _eikL) A, (eikx'L+i¢+e—i (k,L+)

r .
where, kx is:

Ky =\/ﬂf—k§-8in(¢) (13)
1

2

" 2acos(6) (14)
a(eikx/L—i0+e—ika+i9) (eikx,L _eika)
(eikx’L _e-ikL) a(eik;L+i9+e—i (k,L+6)
and,
_ 1
3=
23; cos(g) (15)
ﬂj (eikx’L—iqﬁ +e—ika+i¢) (eik;L _eika)
(eik;L —eik*") ﬂj (eik;L+i¢+e—i (k,L+g)

The tunneling probability, T'(E), is given by the
following equation as:

rE)=>Y J2 (e’\/ij.mz (16)
n'=1 Nn'hw

The conductance, G, is obtained by the Landauer—
Buttiker formula as [24, 56 ]:

~ eszW E.+n'how % _% 17)
=—F— [ dE | F(E).( P )cos(&).d&

2rzh E, _%
where
OE 2kgT

represents the first derivative of Fermi-Dirac
distribution, in which kgT is the thermal energy effect (
kg is Boltzmann constant and T is the temperature) ,
E; is the modulated Fermi energy by the potential of

ferromagnetic insulator strips, W is the junction width
along y-direction.

Now, the spin can be manipulated and detected by
determination of giant magneto-resistance, GMR, and
spin  polarization, SP. These parameters are
calculated in terms of conductance, G, with the
different spin alignments through the following
equations [25-27]:

Gar —G
GMR = ot % (19)
Gy
and,
gp - Ot 6y 20)
Gy +Gyy

where, Grp represents conductance when alignments
of spin are in the same direction and GN represents

the conductance when the alignments of spin are in
opposite directions.
The Fano factor, F, is given by [44,45,57,58]:

E.+n'ho % 2
[ dE | TE)L-TEN(frow) ~frow)) cosado (21)
Fo 72

E.+n'how %
[ dE | TE)(frow)—frow))cosod o
E 7

F 2
where fFD(L) and fFD(R) are the left and right

Fermi-Dirac distribution functions:

¢ _ 1 (22)
(L) [E ~E, +n’ha)j
l+exp| ——F——
kgT
and
f ~ 1 (23)
FD(R) = _ ;
1+exp[E Er +n'ho+eV, J
kgT

I1l. NUMERICAL CALCULATIONS AND RESULTS

Numerical calculations are made for the present spin
based nanstructure as: the conductance in the two
different cases of spin alignments, G, (Eqg.17), spin
polarization, SP, (Eq.19), giant magneto-resistance,
GMR, (Eq.20) and Fano factor, F, (Eq.21). The
computations are made by taking N=1, (Eq.10). That
is this nanostructure is normal graphene
lead/ferromagnetic graphene/normal graphene/
ferromagnetic graphene/normal graphene lead. The
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values of the following parameters are [18, 19, 26, 29-
31, 41-43,53, 59]: L=10 nm, W=100 nm, v ~ 10° m/s,
barrier height, Vy,, (Eq.3) equals 50 meV , Lande g-
factor equals 4 and temperature, T= 50K. The

modulated Fermi energy, E,': , (EQ.18) is calculated in

terms of the carrier density of quasiparticle Dirac
fermions, n, through the following equation [60]:

Er =JzhveJn (24)

Since the parameter n is tuned by proximity
effect of the single layer ferromagnetic graphene
[60,61]. Then, the parameter, n, is calculated using
density function theory in order to get the optimum
value of E. .

The IR range is expected to be the most
suitable range to enhance both of the spin
polarization, SP, and giant magnetresistance, GMR,
of the present junction[54,55], as will be shown in the
figures below, the value of the frequency of the IR ac-
field was taken as an optimum value equals 100THz.

..... B=06T
1k H - ~B=0.9T,

0.025

0.02

0.015

2
G, (¢%h)

0.01 -

0.005

v,

(b)
Fig.2. The behavior of GTT (@ & GT | (o) with Vg, at

various values of B in terms of (e’/h) for Vg = [-1,1]V.

-Figs.(2a, 2b) show the behavior of , G, with , Vg, in
case of the two different spin alignments at various
values of the applied magnetic field, B.
-Figs.(3a,b) show the behavior of the conductance in
case of the two different spin alignments with
magnetic field, B, at various values of gate voltage,
Vg4 which is selected at peaks of the conductance in
case of the two different spin alignments as shown
from results in Fig.2.

0.035
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0.025

2
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°
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0.005
0

0.5 1 1.5

Figs.3. The behavior of the conductance (a) in case of
parallel and (b) in case of anti-parallel spin alignments with
magnetic field, B, at selected value of Vg at which the peaks
occur.

Figs.(2, 3) show oscillatory manner of conductance
for the two different cases of spin alignments with
different peak heights and also different periods.

Also it is noticed that from these figures that the
magnitudes of conductance for the different cases of
spin alignments are different. These results show
that the two different spin alignments are predicted to
play important role for encoding and manipulating
digital quantum information processing. Also, these
results show that the spin-dependent potential in high
THz range (optimum value of frequency is 100THz)
of the induced IR ac-field and certain range of the
applied magnetic field is achieved by a set of strips
made of ferromagnetic insulator material (eg. EuO)
deposited above the top of graphene, and these
strips will affect the spin states in graphene by
splitting it because of the proximity effect. The
structure of the proposed graphene superlattice
nanostructure might serve as spin filters. These
predicted results show that single layer graphene
superlattice is a promising nanomaterial for spin
filtering [28- 31].

-Fig.(4) shows the behavior of , SP, versus , Vg, at
various values of magnetic field, B.

Fig.4. The behavior of SP versus Vg, at various values of B.

The spin polarization, SP, is found (see
Fig.(4)) to exhibit oscillatory behavior and this trend
depends on the values of magnetic field. The highest
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value of oscillating amplitude for SP% attains 100%
under the conditions studied in the present paper. The
above results means that design of the present
spintronic nanostructure can be used to filter the spin
states. Also, it is clear that the spin dependent
parameters (GTT’GN & SP) have been enhanced

because of the applied gate voltage, exchange field of
ferromagnetic graphene superlattice, the applied
magnetic field and applied IR ac-field. These present
results for spin polarization are found in agreement
with those in the literature [30, 31, 55, 62, 63].

-Fig.(5) shows the behavior of , GMR, versus , V,, at
various values of B.

5000 ’ .
........ B=06T

== B=09T

4000 -
—B=12T

20

Fig.(5). The behavior of GMR versus Vg, at various values
of B.

The giant magneto-resistance, GMR, exhibits certain
peaks (see Fig.(5)) at certain values of gate voltages
with certain values of the applied magnetic field. This
result might be used for sensing magnetic fields [55,
59, 60] under the condition considered in our paper. It
is noticed that the values of giant magneto-resistance,
GMR, are very high, this might be to enhancements
due to the parameters studied in the present paper
[55, 63- 65].
-Figs.(6a, 6b) show the behavior of , F, with , Vg, in
case of the two different spin alignments at various
values of the applied magnetic field, B.
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(b)
Fig.6. The behavior of FTT @) & FN(b) with Vg, at various

values of B.

Fano factor for both spin alignments (Figs.6a,b)
exhibits an oscillatory behavior. Also results show that
the values of both FTT&FN (Figs.6a,b) equal,

approximately, to one which are corresponding to full
Poissonian type and less than one for Sub-Poissonian
type of transport [48-53]. The minimum in the Fano
factor (Figs.6a,b) is associated with the maximum in
the conductance (Figs2a,B) [48-53]. Also these
results show that the value of Fano factor is a tool for
distinguishing the behavior of transport that is why this
kind of information cannot be extracted from the
conductance [48-53].

IV. CONCLUSION

The spin-dependent transport property of single layer
ferromagnetic graphene superlattice nanostructure is
explored under influence of external magnetic field
and induced IR ac-fields with certain optimum value of
frequency.

Dirac equation is used to calculate conductance of the
proposed nanostructure and tunneling probability
through such nanostructure is deduced using transfer
matrix method. Results show oscillatory manner for
both the conductance and Fano factor with the two
spin alignments and also oscillations trend of spin
polarization. The highest value of spin polarization
might be achieved and tuned by gate voltage and the
two fields. These present results confirm that the spin
transport property is coherent so as the weak spin-
orbit coupling of electrons in single layer graphene
nanostructure leads to an extraordinarily long spin-
coherence length [66].This research is very important
for ferromagnetic graphene superlattice based spin
logic applications, quantum digital information
processing and magnetic sensors in different
electronic nanodevices. The proposed design of
graphene superlattice nanostructure could be
experimentally realizable in field of nanotechnology for
spintronic nanodevices. These results motivate to
explore spin transport properties of ferromagnetic
graphene superlattice based nanostructure for the
case of different sized superlattices and also for the
effect of defects and applied strain to the graphene.

References

[1] I. Zutic, J. Fabian and S. Das Sarma,'Spintronics:
Fundamentals and Applications’, Rev. Mod. Phys.,
76(2),pp.323-410, (2004),

[2] D.Y. Xu,D. Awschalom, J. Nitta, Handbook of
Spintronics, Springer-Verlag Berlin Heidelberg ,2015.
[3] K. L. Wang, I. V. Ovchinnikov,F. Xiu, ET AL, 'From
nanoelectronics to nanospintronics', J. of Nanosci.
Nanotech.,11(1), pp. 306-313 (2011).

[4] J. Kim, A. Paul, P. A. Crowell, ET AL, 'Spin-Based
Computing: Device Concepts, Current Status, and a

WWWw.jmest.org

JMESTN42352969

10194


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 6 Issue 6, June - 2019

Case Study on a High-Performance Microprocessor,
Proceedings of the IEEE, 103(1), pp. 106-130(2015).
[5]K. C. Nowack ,F. H. L. Koppens, Y. V. Nazarov, ET
AL, 'Coherent Control of a Single Electron Spin with
Electric Fields', Science, 318 ,pp. 1430-1433(2007).

[6]J. M. Elzerman, R. Hanson , L. H. Willems van
Beveren, ET AL, 'Single-shot read-out of an
individual electron spin in a quantum dot', Nature,
430, pp. 435-431(2004).

[7]d. R. Petta, A. C. Johnson, J. M. Taylor, ET AL, '
Coherent manipulation of coupled electron spins in
semiconductor quantum dots’, Science,309, pp. 2180-
2184 (2005).

[8] Ibrahim S. Ahmed, Mina D. Asham and Adel H.
Phillips, ‘Coherent spin-valley polarization
characteristics of silicene field effect transistor’, J. of
Multidisciplinary Engineering Science and Technology
(JMEST), 4, Issue 2, pp.6701-6708 (2017).

[9]P. Recher and B. Trauzettel, '‘Quantum dots and
spin  qubits in graphene', Nanotechnology,21,
302001(2010).

[10]D. D. Awscchalom, M. E. Flatte, 'Challenges for
semiconductor spintronics’, NAT. Phys., 3, pp. 153-
159 (2007).

[11]K. S. Novoselov, A. K. Geim, S. V. Morozov , ET
AL, 'Electric field effect in atomically thin carbon films',
Sci., 306 ,pp. 666-669(2004).

[12] Aziz N. Mina and Adel H. Phillips, 'Graphene
Transistor' (Review Article), Journal of Applied
Sciences Research, 9(3), pp. 1854-1874(2013).

[13]K. S. Novoselov,A. K. Geim, S. V. Morozov, ET
AL, 'Two-Dimensional Gas of Massless Dirac
Fermions in Graphene', Nature, 438, pp. 197-200
(2005).

[14]Y. Zhang, Y. Wen Tan, H. L. Stomer, ET AL,
'‘Experimental observation of the quantum Hall effect
and Berry’s phase in graphene', Nature, 438, pp. 201-
204(2005).

[15]A. R. Wright, X. G. Xu, J. C. Cao, ET AL, 'Strong
nonlinear optical response of graphene in the
terahertz regime’, Appl. Phys. Let., 95, pp. 072101-1-
072101-3 (2009).

[16]A. Mikhaliov and K. Ziegler, 'Nonlinear
electromagnetic response of graphene: frequency
multiplication and self-consistent field effects’, J. phys.
Condens. Matter., 20 , 384204(2008).

[17]K. S. Novoselov, E. McCann, S. V. Morozov, ET
AL, 'Unconventional quantum Hall effect and Berry’s
phase 2pi in bilayer graphene’, Nature Physics, 2, pp.
177- 180(2006).

[18] J. Tworzydlo, B. Trauzettel, M. Titov, ET AL, 'Sub-
Poissonian Shot Noise in Graphene', Phys. Rev. Let.,
96, 246802(2006).

[19] M. Titov, 'Impurity-assisted tunneling in
graphene’, Euro-phys. Lett., 79, 17004 (2007).

[20] Joel D Cox,Mahi R Singh, Miguel A
Anton and Fernando Carrefio, ‘Plasmonic control of
nonlinear two-photon absorption in graphene
nanocomposites’, Journal of Physics: Condensed
Matter, 25, 385302 (2013).

[21] Joel D. Cox, Mahi R. Singh, Godfrey Gumbs,
Miguel A. Anton, and Fernando Carreno, 'Dipole-

dipole interaction between a quantum dot and a
graphene nanodisk’, Phys. Rev. B, 86, 125452(2012).
[22] Mahi R. Singh, Marek J. Brzozowski, and Boris
Apter, Effect of phonon-plasmon and surface plasmon
polaritons on photoluminescence in quantum emitter
and graphene deposited on polar crystals, Journal of
Applied Physics, 120, 124308 (2016) .

[23] Marek J. Brzozowski and Mahi R. Singh:
'Photoluminescence Quenching in Quantum Emitter,
Metallic Nanoparticle, and Graphene Hybrids',
Plasmonics, 12, pp.1021-1028 (2017).

[24] Mina D. Asham, Walid A. Zein and Adel H.
Phillips,  ‘Photo-Induced  Spin  Dynamics in
Nanoelectronic Devices’, Chinese Physics Letters, 29
(10) , 108502-1(2012).

[25]T. Yokoyama,'Controllable spin transport in
ferromagnetic graphene junctions', Phys. Rev. B, 77,
073413 (2008).

[26]H. Haugen,D. H. Hernando and A. Brattaas, 'Spin
transport in  proximity induced ferromagnetic
graphene’, Phys. Rev. B, 77, 115406(2008).

[27] Mina D. Asham, Walid A. Zein and Adel H.
Phillips: '‘Quantum Pumping Driven by an AC-field in
Graphene Field Effect Transistor', The Journal of
American Science, 8 (7) pp. 374-381(2012).

[28] B. Soodchomshom, I. Ming Tang and R.
Hoonsawat, 'Direct tunneling magnetoresistance in a
double ferromagnetic graphene barrier structure’,
Physica. E: Low Dimensional Systems and
Nanostructures,41, pp. 1310-1314(2009).

[29] Z. P. Niu, F. X. Li, B. G. Wang ET AL, 'Spin
transport in magnetic graphene superlattices', Eur.
Phys. J. B, 66, pp. 245-250(2008).

[30]F. Sattari and E. Faizabadi, 'Transport in graphene
superlattice under a uniform electric field with Rashba
spin-orbit interaction’, Superlattices and
Microstructures, 81, pp. 80-87(2015).

[31]Farhat Sattari, 'Spin polarized current produced by
graphene superlattice’, Physics Letters A,379,pp.
2506-2510(2015).

[32]N. Tombros, C. Jozsa,M. Popinciuc, ET AL,
‘Electronic spin transport and spin precession in single
graphene layers at room temperature', Nature,
448(7153), pp. 571-574(2007).

[33] T. Maassen, F. K. Dejene , M. H. D. Guimaraes,
ET AL, 'Comparison between charge and spin
transport in few-layer graphene', Phys. Rev. B, 83 ,
115410(2011).

[34] W. Han and R. K. Kawakami, 'Spin Relaxation in
Single-Layer and Bilayer Graphene', Phys. Rev. Lett.,
107 ,pp. 047207(2011).

[35] R. Tsu, Superlattice to Nanoelectronics; Elsevier:
Oxford, U.K., 2010.

[36] L. Esaki and R. Tsu, 'Superlattice and Negative
Differential Conductivity in Semiconductors', IBM J.
Res. Dev., 14 pp. 61-65(1970).

[37] Allan, G. Bastard, N. Boccara, M.Lannoo, M.
Voos: Heterojunctions and Semiconductor
Superlattices, Editors: G. Springer-Verlag Berlin
Heidelberg 1986.

[38] G. M. Maksimova , E. S. Azarova, A. V.
Telezhnikov, ET AL, 'Graphene superlattice with

www.jmest.org

JMESTN42352969

10195


http://www.jmest.org/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=16141370
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16141370
http://iopscience.iop.org/journal/0953-8984
http://iopscience.iop.org/journal/0953-8984
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.86.125452
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.86.125452
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.86.125452
https://aip.scitation.org/author/Singh%2C+Mahi+R
https://aip.scitation.org/author/Brzozowski%2C+Marek+J
https://aip.scitation.org/author/Apter%2C+Boris
https://aip.scitation.org/author/Apter%2C+Boris

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 6 Issue 6, June - 2019

periodically modulated Dirac gap', Phys. Rev. B, 86,

205422(2012).

[39]S. Dubey , V. Singh , A. K. Bhat , ET AL, 'Tunable

Superlattice in Graphene To Control the Number of

Dirac Points', Nano Lett., 13 ,pp. 3990-3995(2013).

[40] L. A. Ponomarenko, R. V. Gorbachev, G. L. Yu,

ET AL, 'Cloning of Dirac fermions in graphene

superlattices’, Nature, 497 , pp. 594-597(2013).

[41]F. Sattari and E. Faizabadi,'Spin filtering in a
ferromagnetic graphene superlattice’, Eur. Phys.
J.B, 86, 278 (2013).

[42]Z. L. Zhang, Y. P. Chen, Y. E. Xie , ET AL,

'Spin-polarized transport properties of Fe atomic

chain adsorbed on zigzag graphene nanoribbons',

J. Phys. D: Appl. Phys.,44 , 215403(2011).

[43] Q. R. KE, H. F. L'u, X. D. CHEN , ET AL,
'Enhanced spin polarization in an asymmetric
magnetic graphene superlattice’, Solid State
Commun., 151, pp. 1131-1134 (20011).

[44] Ya. M. Blanter and M. Buttiker M, 'Shot Noise in
mesoscopic conductors', Phys. Rep., 336, pp.l-
166(2000).

[45] Walid Soliman, Mina D. Asham and Adel H.
Phillips: 'Fano Factor in Strained Graphene
Nanoribbon Nanodevices', Chin. Phys. Lett., 34(11),
pp. 118503-1-118503-5(2017).

[46]S. Wu and Y. Guo , 'Spin-dependent shot noise in
diluted magnetic semiconductor/semiconductor
heterostructures with a nonmagnetic barrier', Physica
E, 2014, 59 , pp. 158-162 (2014).

[47]M. J. M. de Jong and C. W. J. Beenakker.
'‘Semiclassical theory of shot-noise suppression’,
Phys. Rev. B, 51,16867(1995).

[48] F. Sattari, 'Shot noise in magnetic field modulated
graphene superlattice’ Physica. E: Low Dimensional
Systems and Nanostructures, 72,pp.134-139(2015).
[49] H. Huang , D. Liu, H. Zhang , ET AL, 'Electronic
transport and shot noise in Thue-Morse sequence
graphene  superlattice’, J. Appl. Phys., 113,
043702(2013).

[50] F. Sattari , 'Spin-dependent shot noise in
magnetic  graphene  superlattice’,  Superlattice.
Microst., 86, pp. 29-35(2015) .

[51] Z. Lorestaniweiss and Z. Rashidian, 'Fano factor
for Dirac electrons in a supperlattice of
normal/ferromagnetic/normal silicene junction’,
Superlattices and Microst., 106, pp.197-205(2017).
[52] Z. Rashidian , Z. Lorestaniweiss , Y. Hajati Y.,
ET AL, 'Valley polarized current and Fano factor in a
ferromagnetic/normal/ferromagnetic silicene
superlattice junction', J. Magn. Magn Mater., 442,
pp.15-24 (2017).

[53] F. Sattari , 'Spin transport in graphene
superlattice under strain, J. of Magnetism and
Magnetic Materials, 414 , pp.19-24(2016).

[54] G. Platero and R. Aguado. 'Photon assisted
transport in semiconductor nanostructures', Phys.
Rep., 395, pp.1-157(2004).

[55]. Ahmed Saeed Abdelrazek, Mohamed Mahmoud
Elbanna and Adel Helmy Phillips: 'Photon-spin
coherent manipulation of piezotronic nanodevice',
Micro & Nano Letters, 11(12) , pp. 876-880(2016).
[56]C. H. Pham and V. L. Nguyen, 'Tunneling
through finite graphene superlattice: resonance
splitting effect’, J. Phys. Condensed matter, 27 ,
095302 (2015).

[57]Y. X. Li and L. F. Xu, 'Shot noise suppression in
a series graphene tunnel barrier structure', Solid State
Commun., 2011, 151, pp.219-222(2011) .

[58]G. Li, G. Chen . and P. Peng , 'Manipulation of
resonant tunneling by substrate-induced
inhomogeneous energy band gaps in graphene with
square superlattice potentials’, Phys. Lett. A, 377,
pp.2895-2900(2013).

[59]M. Dragoman and D. Dragoman, ‘Review
graphene-based quantum electronics', Progress in
Quantum Electronics, 33, pp.165-214(2009).

[60] A. H. Castro Neto , F. Guinea , N. M. R. Peres ,
ET AL, 'The electronic properties of graphene', Rev.
Mod. Phys., 81, 109(2009).

[61] Andrea C. Ferrari, Francesco Bonaccorso, ET
AL.: 'Science and technology roadmap for graphene,
related two-dimensional crystals, and hybrid systems',
Nanoscale, 7, pp.4598-4810(2015).

[62] Yuangiao Li,, Hongmei Zhang, Tao Zhou ET AL.:
'Spin transport and tunneling magneto-resistance in
Thue-Morse bilayer graphene superlattice with
ferromagnetic electrodes’, Physica B, 516 , pp.18—
26(2017).

[63] Ibrahim Sayed Ahmed , Mina Danial Asham and
Adel Helmy Phillips: 'Spin-valleytronics of silicene
based nanodevices (SBNs), Journal of Magnetism
and Magnetic Materials', 456, pp.199-203(2018).

[64] Candid Reig, Susana Cardoso de Freitas,
Subhas Chandra Mukhopadhyay: ‘Giant
Magnetoresistance (GMR) Sensors From Basis to
State-of-the-Art Applications', (Springer-Verlag Berlin
Heidelberg, 2013.

[65] Zhi Yang, Baolong Zhang, Xuguang Liu , ET AL,
'The spin-filter capability and giant magnetoresistance
effect in vanadium-naphthalene sandwich cluster',
Organic Electronics,14, pp. 2916—-2924(2013).

[66] N. Tombros, C. Jozsa, M. Popinciuc, ET AL,
‘Electronic spin transport and spin precession in single
graphene layers at room temperature’', Nature, 448,
pp.571-574(2007).

www.jmest.org

JMESTN42352969

10196


http://www.jmest.org/
https://www.sciencedirect.com/science/article/pii/S0749603617303191
https://www.sciencedirect.com/science/article/pii/S0749603617303191
https://www.sciencedirect.com/science/article/pii/S0749603617303191

