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Fig. 1. (a) Zigzag-edged triangular graphene nanoflake; four hydrogen-saturated one-

dimensional quantum-dot arrays consisting of zigzag triangular graphene nanoflakes: (b) M1,

(c) M2, (d) M3, (e) M4.
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Table 1. The binding energy and magneto-electronic properties of QDAs.

M, E
Structure Ey FM M

Earm

Earman  Earmam  Anm Arvm Aarm)

Jup-cell™t /meV.cell™! /meV.cell™! /meV-cell™! /meV-cell™! /eV  /eV /eV

M1 —7.269 4.015 48 0
M2 —7.366 4.003 170 0
M3 —7.475 1.985 157 0
M4 —7.157 7.994 84 0

0.0 0.530 0.610

320 330
M) (BS)  (5)
0.061 0.266  0.244
297 323
(s) (HM)  (S)
0.075 0.219  0.671
205 205
(s) ®BS) (9
0.0 0.617  0.780
607 696

M) (BS)  (9)

EEP Eb ﬁﬂf\‘lﬁiﬁu qugﬁﬁé, MFM ﬁ%iﬂ@%ﬁ%é\ﬂﬁﬁﬁﬁﬁ, EFM7 EAFIVI(I)v EAFM(H) *D EAFM(III) ﬁ%ﬂ%ﬁﬂﬂ

£ FM A AFM(T) 2. AFM(IT) 58 AFM(TTT) & F (AR

ﬁlé%, AnM, ArMm A Aarm I HRIREEFE NM 2.

FM &1 AFM Z:2385 R BB #5519 M, S, BS Al HM 73551208 &8 1 i U AL g S AR A )

E}, represents the binding energy of the arrays, Mpy the magnetic moment for unit cell in the FM state;

Erm, Earm(ry, Earmarn and Eapvrn indicate the relative energies for unit cell in the FM state, AFM(I)
state, AFM(II) state, and AFM(III) state, respectively. Anxm, Apm, and Aapy denote the band gaps in the

NM, FM, and AFM states, respectively. The metal M, semiconductor S, bipolar magnetic semiconductor

BS, or half-metal HM feature is shown in parentheses.
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Fig. 2. (color online) The electronic structures for QDAs in the nonmagnetic state: (a)—(d) correspond to the band structure
(BS), density of the state (DOS), and projected density of the state (PDOS) of M1, M2, M3, and M4, respectively.
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Fig. 3.

BT &5

(color online) The magneto-electronic features for QDAs in the FM state: (a)—(d) Correspond to the

isosurface plots for the spin polarized density of M1, M2, M3, and M4, respectively; (e)—(h) correspond to the
spin-resolved band structure (BS), density of the state (DOS), and projected density of the state (PDOS) of M1,

M2, M3, and M4, respectively.
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Fig. 4. (color online) The magneto-electronic features for QDAs in the AFM state: (a)—(1) Correspond to the isosurface plots
for the spin polarized density of M1, M2, M3, and M4 in the AFM(I), AFM(II), AFM(III), respectively; (m)—(p) correspond
to the spin-resolved BS, DOS, and PDOS of M1, M2, M3, and M4 in the AFM(I) state (ground state), respectively.
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magnetic configuration and AP magnetic configuration, respectively.
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Abstract

Graphene (GN), a monolayer two-dimensional (2D) system closely arranged into a benzene ring structure by C
atoms, has so far aroused considerable research interest due to its novel electronic, magnetic, mechanical and thermal
properties. But 2D GN is a semimetal with zero band gap, and the lowest conduction band touches the highest valence
band at Fermi level, leading to the inability to achieve the “off” effect in the electronic device. Therefore, many
researchers are searching the solutions. A simple and feasible method is to convert 2D GN into quasi-one-dimensional
(1D) graphene nanoribbons, quantum-dot arrays (QDAs) and zero-dimensional (0D) quantum-dot by tailoring it along a
specific single crystallographic direction. The QDAs, due to their structural diversity, have great potential applications
in future nano-integrated circuit. In this work, first-principles method based on density functional theory is used to
study the magneto-electronic and magnetic transport properties of four 1D quantum-dot arrays (1D QDAs) consisting of
triangular graphene nanoflakes with different linking modes. The calculated binding energy suggests that these structures
are very stable, and the arrays that are linked by the “bottom-side” are more stable than that only by the “vertex”. In
particular, it is found that the electronic and magnetic features are not only related to the different magnetic states, but
also depend on linking modes. For example, in the non-magnetism state, different QDAs can be a metal or a narrowed
band-gap semiconductor. In the ferromagnetic state, different QDAs can be half-metal materials or bipolar magnetic
semiconductors with different gaps, and have greatly different magnetic moments from 1.985 to 7.994ug /unit cell, reaching
a difference almost as large as four times. While in the antiferromagnetic state, all QDAs are semiconductors but with
different gaps. These results imply that the linking modes play a crucial role in effectively tuning the electronic and
magnetic features for nanostructures. The calculated atom-projected density of states indicates that the highest valence
band and the lowest conduction band are determined by the edge C atoms. The half-metallic and bipolar magnetic
semiconducting behaviors presented by 1D QDA are extremely important for developing magnetic devices, which is not
found in the intrinsic graphene nanoribbons. And, we also investigate the magnetic device properties based on one kind
of QDA, and the single or dual spin-filtering effect with the perfect (100%) spin polarization and a rectification ratio
of about 10* can be predicted. Particularly, a giant magnetoresistance over 10°% is found unambiguously, which is
two orders of magnitude higher than the value predicted based on the zigzag graphene nanoribbons and five orders of
magnitude higher than previously reported experimental values for the MgO tunnel junction. Our results thus provide

strong evidence for the effectiveness of QDAs on the magneto-electronic properties.

Keywords: triangular graphene nanoflake, 1D quantum-dot array, magneto-electronic properties,

magnetic transport properties
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