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The investigation of the thermoelectric characterization of magnetic material doped Silicon Car-
bide (SiC) nanotube (NT) is a challenging aspect for the researchers. Thanks to the Density
Functional Theory (DFT) based formalisms help to provide accurate electronic characterization
for the nanoscale 2-D models. The investigation of the Device Density of States (DDOS) of the
magnetically doped SiC NT is based on the prediction of molecular and atomic level data set. Spin
polarization effect is observed for this doped single wall (6,0) chiral type SiC NT. The energy
band gap is lower for doped quantum-confined structure (0.98 eV) compared to bulk structure (3.3
eV). The spin density approximation is based on the Hubbard U method. The observed magnetic
moment for the doped structure is equal to 1.9 uB. Comparing between anti-ferromagnetic and

ferromagnetic stages, the ferromagnetic stage is observed as a more stable phase.
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1. Introduction

Thermoelectric characterization for nanoscale 2-D structure
is studied and investigated for doped Graphene Nanoribbons
(GNR). Boron (B), Nitrogen (N), Silicon (Si), and Beryl-
lium (Be) are the dopant atoms for the GNR [1]. Design
descriptors are required to represent fixed-length DDOS
that comprises variable energy points [2-5]. Electronic
and optical properties of the transition metal doped WS,
monolayer are changed visibly while DFT is applied for
calculation purposes [6]. Structural and physical properties
are investigated for the armchair-type nanoribbon MoSi; Ny
while doped with 3-D transition metal. Spintronic properties
are also investigated for this nanoribbon [7]. Synthesized
ternary nanostructures are to be composed with Cerium (Ce)
Chitosan (CS) and TiO; quantum dots for the coprecipita-

tion procedure. Depending on the doping concentrations the
electronic and physical properties are changed [8]. Ce and
Sm along with Co-doped TiO, nanomaterials are used to
enhance the photocatalytic activities of Rhodamine B dye.
Therefore, it is emphasized that the electrochemical charac-
teristics are enhanced due to the doping effect [9]. Graphene
is a widely used and accepted nanomaterial. The influence
of metal doping increases its activity rigorously [10]. Dop-
ing is an important procedure in the semiconductor industry.
Not only conventional doping but also the electrical dop-
ing process is playing an important role in improving the
electronic properties of the nanostructure. Instead of in-
corporating of foreign molecules, electrical doping makes
the electro potential drops between the two ends of the
nanoscale devices. This process reduces the chances of
contamination due to the external dopants [11-15]. Using
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Table 1. A comparative analysis of the proposed work with the existing approaches.

features ‘ references
‘ [22] [23] [24] [25] [26] proposed work
method ‘ DFT+NEGF DFT DFT DFT+NEGF DFT+NEGF DFT
material mono layer GeS  GNR f;g:%is;i Ph(fgﬁiifene GNR SiC NT
nanoribbons
doping agents ‘ N, P, As Mn Ag, ZrOy v Ph Co

width ‘ NR NR NR 6 folds 8-order magnitude 2.2nm
length ‘ NR NR NR NR NR 2.5nm
stress | NR NR NR NR NR 0.001 eV/A?
force | NR NR NR 0.01 eV/A. NR 0.001 eV/A

NR=Not reported.

the external doping process the quantum ballistic transmis-
sion is improved for these quantum-confined nanostructures.
DFT formalisms encourage researchers to investigate the
changes during the doping process for this nanoscale struc-
ture [16-20]. The natural population analysis which based
on strong particle can be played an important role in the
molecular stabilization energy [21]. This paper presents the
changes of DDOS of the SiC NT while doped with magnetic
dopants. The comparison table shows the novelty of the
proposed work in Table 1 [22-26].

2. Computational method

This paper has been presented the quantum-confined theo-
retical model of Cobalt (Co) doped SiC NT. This DFT-based
approach is analytically investigated using Atomistix Tool
Kit (Quantum -ATK) version 13.8.0. The electronic charac-
terization of this quantum-confined model is based on Local
Density Approximation (LDA) and Local Spin Density Ap-
proximation (LSDA) methods also. The interactions held
between the ions and electrons, and exchange correlation
were described by the Fritz-Haber-Institute ion pseudopo-
tentials method and the Perdew Zunger (PZ) functional,
respectively. The cut-off kinetic energy is 75 Hartree for
this bulk nanostructure. The primitive cell of SiC wurtzite

is formatted with 2 Si and 2 C atoms and k-point sampling
is performed with 1x1x 10 for doped NT. The electronic
temperature is kept at 300K. The diluted magnetic nan-
otubes and cations (Si) are replaced arbitrarily by Co1x/2
and Colx/2 which are magnetic ions. The 1 and | signs
refer to the spintronic direction of the local moment of the
impurity magnetic dopants. The simulation parameters for
the DFT based analytical model are shown in Table 2.

3. Results and discussion

In this theoretical work, the DFT+LDA method along with
Hubbard U analytical corrections (for Si 4d states U=5 eV
and for C 2p states U=4.8 eV) have been made. To study the
Dilute Magnetic Semiconductor (DMS) devices, transition
metals like V, Cr, Co, Fe, Mn, and Ni play a crucial role.
The electronic properties of puree Sic NT and Co-doped
SiC NT with chiral vector (6, 0) are illustrated with the help
of DFT approach. The analytical model of single walled
SiC NT (SWSICNT) is designed whose band gap varies
from 0.9 to 1.83 eV [27]. The empirical model of pristine
SWSIC NT (6, 0) and Co-doped SWSiC NT are shown in
Fig. 1(a) and Fig. 1(b) respectively.

The spintronic view of these two conditions is shown in
Fig. 2. The magnetic moments for the Co-doped SiCNT

Table 2. Results of proposed current mirror and comparison with existing designs.

parameters value details

configuration (A,B,0O) the SiC NT structure along (X, Y, Z) axes
electrodes’ Fermi level OeV the left and right electrodes’ Fermi level lies at OeV

force tolerance 0.01eV/A when minimum then sustainability increase
poisson Equation Solver multi-grid algorithm used

maximum interaction range .
between electron orbitals 1 nm numerical accuracy parameters
no. of steps for iteration 100 increasing steps increasing accuracy
step size 0.25 nm step size increasing the time of simulation
electron temperature 300K room temperature operation
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Figure 1. Structure of (a) SiC (6,0) nanotube (silicon-beige,
carbon-gray), (b) Si(Co)C (6,0) nanotube (silicon-beige,
carbon-gray, cobalt-pink).

structure are shown with ’green’ arrows. The magnetic mo-
ments are opposite for Si and C atoms and therefore, SiC
are neutral with respect to the magnetic moments. Whereas,
incorporation of Co atom induced the magnetic moment to
the SiCNT.

The half-metallic property of the SWSIiCNT is raised due
to the ferro magnetic dopant Co. Total DDOS (TDDOS)
of SWSICNT and SWSi(Co)C-NT are investigated using
DFT formalisms. The 2D figures of pristine and Co-doped
SiC nanotubes using DFT based approach are shown in Fig.
3(a) and Fig. 3(b), respectively.

The results obtained for pristine SWSIiCNT (8, 0) using
DFT-GGA method and the band gap is 1.05 which is re-
ported for this system [28]. For pure SWSiCNT (5, 0) shows
metallic conductivity [29]. Totally different TDDOS are
obtained for pristine and Co doped SiCNT which are shown
in Fig. 3(a) and 3(b) respectively. Spin-up and spin-down
conditions are reflected in the graphs using DFT-LSDA-
based calculations. Near Fermi energy level O eV higher
values of TDDOS are observed for both pure and doped
SWSIiCNT. In higher energy level the TDDOS are observed
with lower concentration.

From DFT-LSDA+U calculations we obtained that the chi-
ral vector for SWSiCNT has a direct band gap (I'—TI') and
the wide of the band gap is 0.98 eV for undoped SWSiC
nonmagnetic NT and this result is observed to be smaller
than that of the pristine SICNT. This fact is closer to the re-
sult in [28, 30]. It was studied the influence of the structure

Figure 2. Spin-polarization view for Co-doped SiCNT: Si-

beige, C-gray, Co-pink. Magnetic moments are shown by
green arrows.
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Figure 3. Spin-polarized TDDOS model for (a) SWSiCNT
and, (b) SWSi(Co)C-NT.

for the magnetic doping SiC film and obtained that Co-
doped film exhibit intrinsic ferromagnetism at 300 K [31].
From the first principles simulations, results are obtained for
undoped SWSIC is shown in Fig. 4(a) and spin-polarized
band structures for spin-up and spin-down states which are

1o Band structure for SWSICNT

Energy (eV)
1
«

Spin-up states for Co-doped SWSICNT

Energy (eV)
o
Y

Figure 4. Electronic band structure for undoped, (a) SWSiC
(6,0) nanotube (Eg=0.98 eV), (b) Co-doped (6,0) single wall
SiCNT (Spin-up), (c) Co-doped (6,0) single wall SICNT
(Spin-down).
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Figure 5. IV characteristics of the Co doped SiCNT.

shown in Fig. 4(b) and Fig. 4(c). The multilayer perception
(MLP) model is used to map these illustrations in the form
of matrix representation in real-space linear combination
of atomic orbitals (LCAQO) Hamiltonian [31, 32]. From
the first-principles simulations the total magnetic moment
of single and double Co™? - doped SiCNT systems are
1.896 and 5.2 uB, respectively. This fact due to the double
exchange because of pd orbital hybridization between im-
purity Co 3d- and host C 2p-states. The carbon p-orbitals
play significant roles in the stability of Ferro-magnetic (FM)
phase. Main contribution of this doping is to magnetize of
nanotube from 3 C atoms (~3.26 uB) is chemically bonded
with Co impurity atom. The negligible negative contribution
has removed for the purpose of magnetization from impurity
atom (~0.16 uB). From the total energy calculations for
FM (EFp=-5479.56293 eV) and anti-ferro magnetic (AFM)
(Erpy=-5479.61682 eV) phases the energy difference (AE
= Esrym - Epy) indicating that the AFM state more stable
than FM state for Co : SiCNT.

The current-voltage (IV) characteristics of the proposed
model have been shown in Fig. 5. This graph shows that the
satisfactory current flows through the SiCNT after doping
with Co. This emphasis that Co atoms increase the numbers

of charge carriers through the central molecular region of
the Co : SiCNT model. The crosstie-tick Table 3 shows
the novelty and comparative analysis of the proposed work
with the existing works.

4. Conclusion

The half-metallic character of SWSiCNT was discovered
through investigation with and without co-doping. The
result of co-doping is an improvement in the metallic
property. This half-metallic character is induced in the
SiCNT because of the ferromagnetic property of the Co
atoms. This quantum-confined nanostructure’s metallic
nature can be determined with the aid of DFT-based
formalisms. Since TDDOS concentrations are larger close
to the Fermi energy level (0 eV), the structure’s stability
was disclosed by the TDDOS nature. The energy gap for
the FM and AFM further demonstrates the SWSiC(Co)NT’s
thermodynamic stability. It follows that this structure has
demonstrated its importance as a raw material for electronic
applications of the future.

Table 3. Cross-tick table for novelty and comparative analysis.

features references
[22] [23] [24] [25] [26] Proposed work
DFT v vV VY v
multilayer X Vv Vv Vv Vv Vv
doping v vV VvV VvV VY Vv
low stress X X X X X Vv
lower force % X X v NR Vv
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