Journal of Physics: Conference

Series
PAPER « OPEN ACCESS You may also like

. . - EFano Factor in Strained Graphene
Band gap control of bilayer zigzag graphene Nanorbon Nanodevics
nanoribbon by direction of magnetic moment H.Philips

- Efficacy evaluation of an in situ forming

. . . . tissue adhesive hydrogel as sealant for
To cite this article: T B Prayitno et al 2019 J. Phys.: Conf. Ser. 1402 044106 lung and vascular injun

Biji Balakrishnan, Umashanker Payanam,
Alexandre Laurent et al.

- Dispersive hybrid states and bandgap in

View the article online for updates and enhancements Lt ary e
_—— p . Van-Truong Tran, Jérdme Saint-Martin

and Philippe Dollfus

c '. o ; " - DISCOVER

how sustainability

The ., Ak intersects with
Electrochemical ¢ ' |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.147.47.59 on 17/05/2024 at 16:45


https://doi.org/10.1088/1742-6596/1402/4/044106
https://iopscience.iop.org/article/10.1088/0256-307X/34/11/118503
https://iopscience.iop.org/article/10.1088/0256-307X/34/11/118503
https://iopscience.iop.org/article/10.1088/1748-605X/abfbbf
https://iopscience.iop.org/article/10.1088/1748-605X/abfbbf
https://iopscience.iop.org/article/10.1088/1748-605X/abfbbf
https://iopscience.iop.org/article/10.1088/1748-605X/abfbbf
https://iopscience.iop.org/article/10.1088/1748-605X/abfbbf
https://iopscience.iop.org/article/10.1088/1748-605X/abfbbf
https://iopscience.iop.org/article/10.1088/0268-1242/30/10/105002
https://iopscience.iop.org/article/10.1088/0268-1242/30/10/105002
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvPaf8aqDtkBiefIDvhUZAQIt50qY9IJg1NgmMz-k28XJJIEsvGiMp1QVDFk1RCbwRMzsPbOG0q37H99T1YnN-Qv02LnXLTbMtOr90o-yzTzem3SRvJ0VN6iTM9XCbZWFquW9SJgl93uvQhMKZehpZD9VPpHFAV7Kn7H9XchR0rOFOFXGZoEjUahUILVFEX7-4AEaeaYe8W-G0qMe5a158Q1zDMt4pCwjnKzAOQ6jrNyogQt4EII4v5qhx-Yf-pGdngyao7VMLEqVR1uHO9UKq_rk9o5EdeMzcqmbghKokKUX-ddBI8torNh148gDm_toQUCbMSgS29Bfgk1d2qJBJzrGTtNwwY&sig=Cg0ArKJSzGzDUxvNiT8W&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

4th Annual Applied Science and Engineering Conference IOP Publishing
Journal of Physics: Conference Series 1402 (2019) 044106  doi:10.1088/1742-6596/1402/4/044106

Band gap control of bilayer zigzag graphene nanoribbon by
direction of magnetic moment

T B Prayitno’, E Budi and R Fahdiran

Department of Physics, Faculty of Mathematics and Natural Science, Universitas
Negeri Jakarta, Kampus A JI. Rawamangun Muka, Jakarta Timur 13220, Indonesia

*teguh-budi@unj.ac.id

Abstract. We have demonstrated the first-principles calculation to tune the band gap of the
bilayer zigzag graphene nanoribbon by arranging the direction of the magnetic moments of
carbon atoms at the edges. These directions were specified by the polar angle, as defined in the
spherical coordinates. From the ferromagnetic configuration to the antiferromagnetic
configuration, as the polar angle increases, the band gap increases. We also showed that the
ferromagnetic configuration leads to the metallic system while the others lead to the insulator,
in a good agreement with the previous calculations. These results indicated that the bilayer zigzag
graphene nanoribbon is potential for the spintronics devices.

1. Introduction

A thorough observation on the graphene, which has been found a few years ago [1-3], triggered many
scientists to exploit the properties, such as strength, high electron mobility, or high conductivity, for the
nanotechnology [4-7]. However, the theoretical studies proved that the graphene has no band gap. This
means that the graphene is not suitable for the spintronics devices.

Before the graphene was found, Fujita et al. has proposed a theoretical model of the ribbon material
[8], which can be used for the spintronics devices. By adopting this model, a new model of the graphene
can be successfully achieved by cutting an infinite sheet of the graphene to be finite. This leads to the
so-called graphene nanoribbon. Regarding the cutting form, the graphene can be divided into two types,
i.e., the zigzag graphene nanoribbon (ZGNR) and the armchair graphene nanoribbon (AGNR).

In this paper, we concern the ZGNR, in which the band gap can be generated by arranging the
directions of the magnetic moments of carbon atoms at the edges. This treatment has been successfully
conducted in the case of a monolayer ZGNR for the noncollinear calculations [9,10]. Interestingly, this
treatment also succeeded to calculate the spin stiffness in the monolayer ZGNR [11-13]. This spin
stiffness can be considered as an important indicator in the spintronics applications for the ZGNR. Here,
we extend the discussion by considering the bilayer ZGNR. We prove that the same treatment also works
for the bilayer ZGNR. Here, we prefer to choose the ZGNR rather than the AGNR because the
interesting properties of magnetism in the ZGNR were explored more significantly than that in the
AGNR.

Our model of the bilayer ZGNR will be given in section 2. We also draw the directions of the
magnetic moments of carbon atoms at the edges. The computational details, as well as the results, will
be discussed in section 3. The conclusion will be given in section 4.
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2. Method and materials

We gave the illustration of the bilayer ZGNR with the available directions of the magnetic moments of
the carbon atoms at the edges in Fig. 1. These configurations lead to the collinear ferromagnetic (6 =
0°)-noncollinear magnetic (0° < 8 < 180°)-collinear antiferromagnetic (8 = 180°), as shown in Fig. 1.
In the noncollinear calculation, we exploited a constraint scheme to establish the fixed directions of the
magnetic moments of the carbon atoms at the edges [14,15]. Here, 6, which is varied from 0° to 180°,
is the angle of the magnetic moment, which is defined as usual in the spherical coordinates. So, 8 will
be fixed by implementing the constraint scheme when the noncollinear calculations at 0° < 8 < 180°
are performed. In the realistic experiment, the arrangements of the magnetic moments can be done by
applying the external magnetic field.
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Figure 1. Structure model of bilayer ZGNR from top view (a) and side view (b). The carbon and
hydrogen atoms are indicated by the large and small filled circles, respectively.

We carried out the computational details by using the OpenMX code [16], which exploits the localized
basis set via the confinement scheme [17,18] and the norm-conserving pseudoptentials [19]. In this
calculation, we used the cutoff energy of 200 Ryd, the generalized gradient approximation (GGA) for
the electron-electron interaction [20], and a 65 X 1 X 1 k-point mesh. Two s and two p orbitals are
assigned for the C atoms with the cutoff radius of 6.0 a.u. while two s and one p orbitals are assigned
for the H atoms with the cutoff radius of 6.0 a.u. We also used the lattice constant of 2.46 A and the
vacuum region of 30 A. Here, the used lattice constant was adopted from the experimental result of
graphite. For the brief demonstration, we took the ribbon width of ten, which is symbolized by 10-
ZGNR.

3. Results and discussions

We observe that the band gap increases as 6 increases, as shown in Fig 2. Figure 2 shows the band
structures of the bilayer 10-ZGNR for all the calculations. This situation is similar to the previous results
in the monolayer case [9], which achieved the increase of the band gap by increasing 8. The metallic
state appears in the collinear FM without the band gap, while others show the insulator with the band
gap. So, we deduce that the collinear AFM gives the highest band gap, in a good agreement with Ref.
[21]. The tendency of band gap is shown in table 1. Since the band gap determines the quality of the
spintronics devices, we claim that the results give the important information of how to obtain the wished
band gap.
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Table 1. Calculated band gap for the bilayer 10-ZGNR with respect to 6.
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Figure 2. Band dispersions of 10-ZGNR with 8 = 0° (ferromagnetic) (a), 8 = 45 (b), 8 = 90° (c), § =
135, and @ = 180 (antiferromagnetic) (e), while the increase of band gap with respect to 8 is given in

(®.

Note that the highest band gap in the ZGNR can only be found for the collinear antiferromagnetic
structure both in the monolayer and bilayer ZGNRs. In Ref. (21), the authors also confirmed that one of
the antiferromagnetic states has the highest band gap. Unlike the monolayer case, the bilayer ZGNR has
many possibilities to create several collinear structures, such as the ferromagnetic, antiferromagnetic,
and ferrimagnetic states, see Ref. (21). Therefore, if one wishes to investigate the band gap in the bilayer
ZGNR for the noncollinear structure, we suggest to set & = 90" by choosing the azimuthal angles ¢ =
0° or/and ¢ = 90°. This treatment can give the different band gap with the interesting phenomena, such
as the phase transition or the spin stiffness.
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Here, would like to give some comments on the theoretical aspect of the obtained band gap. The
highest band gap in the antiferromagnetic state is closely related to the stability of the structure. As 6
increases the energy decreases (see table 1), which means that the antiferromagnetic state is the most
stable state. The band gap will gradually increase until the system reaches the most stable state.
Therefore, the highest band gap in the antiferromagnetic state is a consequence to get the most stable
condition.

4. Conclusions

We observe that the change of the band gap is influenced by the polar angle 6. The band gap increases
as 6 increases from 0° to 180° rotation. Therefore, we can manipulate the band gap by varying 6, which
represents the directions of the magnetic moments of the carbon atoms at the edges. We also show that
6 =0 and @ = 180 refer to the metallic and insulator systems while the others become only the
insulator. Although the calculations at 0° < # < 180° and & = 180° give the band gap, the noncollinear
calculations strongly need a constraint method to fix the magnetic moment while the collinear
calculations does not.
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