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Fig. 1. (a) Diagrammatic sketch for the 58 ring line defect of graphene, where M and N represent the nearest neighbor and next

nearest neighbor deformation regions away from the line defect, respectively. (b) Diagrammatic sketch for the 57 ring line defect of

graphene. The region between two neighbouring dotted lines is a unit cell. The C—C bond lengths were calculated using first-prin-

ciples theory, they are symmetric with respect to the symmetry axis. (¢) The simplified lattice model of the infinite graphene with

58 ring line defect, and the dashed box denotes a supercell.
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Fig. 2. Transmission coefficient Tk as a function of « for different Fermi energies: (a) Local deformations are not taken into

account; (b) local deformations are taken into account. In the inset, Ty, TN and Tyun respectively represent the results of consid-

ering only the deformation in the M region, the N region and MN regions in Fig. 1(a) when E = 0.1¢.

166101-4



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 16 (2023) 166101

IR E B RS, HE = 0.01¢ B o = —0.27n
BaFE E = 0.15t B a = —0.4n . XFEE 3 50 )
SEWIAKRA B A L. [EE—HR, K AR
FR T 5Tk KT o =0XFR, W Tk (a) =T (—a).

R T BRE Ry O AR X A B 2 s ma LA, 40
Bl 1(a) Frs, B 308 28 4 PR AN DB, M X
FUN DI, M XSk EFELEE A JEF, N X
BUEEHE M X TR B, A RE o R B
S M X AR 2B, i 2(b) A AN
BIiR. R8N KPR, ARERK NS
A ZEAR; HEE M XIBIEARRT, AR5 5
ZRC T B KAE 9 1 R 2% p MN X 8 25 15
Tun 5 Tu—FF. X Uk B 5 4Bl b WA J - AH 46
) C—C HK AR 3T 5 b 2 R B3 5.

Hi &l 2(b) AHER i, BRIk A I AN BESE I
RIS WALRLRE, ONTE o = 0 BF A B 2 R 5005

1.0

~ 05

0.5 H

—0.5 H

a/n

0.5 0 0.5

SRIBEN 0.5 L. R T BIEF A AR, A5
WEIE TAFTE ISP AT L BB I 23 % 2 R B0 e 4y
WARE, FFERVT T R OB 8 X5 45 % 2 R AL B A i
FEEf 2, Al 3 s, Il 3(a) FTRAE H, #7
TEWAPATERBR AT, P2 B 25 R AL T i A1
SR EA A MBI, Ty o T IR £ WU KA,
Wit £ R BN . A 2 R SR AR I (52
2), WA e T &, Treyrodi RAE I AF AR PR
E =0.05t B} 0.55, E = 0.1t BFyg /N3] 0.40. % &
JROE S (HLR), Tk kB REZMAK, E =
0.05¢ ZIETTN 1, T E = 0.1 M AEIRIA (0.65).
TEREEHASE (a=0), BFAPARFRIEN T Tk k2
AR /N, (B2 BEE fE & T 22 AR N, B =
0.01¢/0.05t B} |, Tr e ~ 0.17/0.08, 1fii E = 0.1t ff
B2/ E] 0.05, A 3(c) ITLIE H, E = 0.01¢ i}
BWALCRIFARLE, P = 106 R B A a A

10— PN n
L\/ e
FRENIN o
RN I
| \ LN \ [
& 05
| AR (I
| AR S
\
| \ \\\ \ \
\
o (b) S
~0.5 0 0.5
a/n
1.0 ——
| P
A
0.5} o
I,UI/I// |
V
L o0 /
\ a
4
/v’///,I
—o5t b ce- W=10
C - W=15
Vs - W=20
(d ) e - W=30
1ol Lz .
~0.5 0 0.5
a/n

B3 (a), (o) FEAEMI N TATLRBLIANS, IR SORAET K/K' RS R B T rer DI RALEE PREBLIT A o AR (b), (d) 77
EPIASTATL BRI BT, BB BB W R TRIN Tie LA MRS P BRI A o B9 F 2. JU (a), (o) h NS b 2 ] f
BB W =10, (b), (d) FHOKREN B = 0.05t. HE22 /95 2k 7 % 1 /oK% 1R BV AS B0 F9 5 L. /2 e o2 ) O 5 W L

V3a N HAL

Fig. 3. (a), (¢) Transmission coefficients T sk and the valley polarization P as a function of « for different Fermi energies in the

presence of two parallel line defects; (b), (d) transmission coefficients Tk and the valley polarization P as a function of « for differ-

ent width between the two line defects in the presence of two parallel line defects. The width between two line defects in panels (a)

and (c) is W = 10 and the Fermi energy in panels (b) and (d) is E = 0.05¢. Dotted/solid lines correspond to the results of consid-

ering/without considering the influence of local deformations. The distance between the two line defects W is in units of v/3a .
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Fig. 4. Transmission coefficient Tk in 57 ring line defect as a function of « for different Fermi energies: (a) Local deformations are

not taken into account; (b) local deformations are taken into account.
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Abstract

The line defect of graphene has significant applications in valleytronics, which has received extensive
attention in recent years. It is found experimentally that there exists local deformation around the line defect.
Current studies generally believe that the influence of local deformation on the valley transport properties can
be negligible, because the modifications to the nearest neighbour hopping energy is less than 5% under the small
deformation. Based on the first-principles calculations and the non-equilibrium Green’s function method, we
investigated the effect of local deformation on the valley transport properties of two different kinds of line
defects, the 58 ring line defect and the 57 ring line defect. It is found that for the 58 ring line defect, the effect
of local deformation on the valley transmission coefficient is not evident at lower energies. However, at higher
energies, the impact of local deformation is obvious, and the maximum valley transmission coefficient does not
decrease with increasing energy, but can be maintained 1 within a large energy range. In contrast, the influence
of local deformation on the valley transmission coefficient of the 57 ring line defect indeed can be negligible,
regardless of the level of energy. Further investigation indicates that the change of the C—C bond length
connected to the two defect atoms in the 58 ring plays a key role in the transmission of the valley states across
the line defect. If this part of the influence is not taken into account, the valley transmission coefficient is nearly
unaffected by the local deformation. The valley state enters the right side of the line defect directly through the
bond connected to the line defect, so the change in bond length connected to the line defect has a significant
impact on the valley transmission. This special structure does not exist in the 57 ring, where the valley states
will have to pass through a narrow region containing 57 ring to enter the right side of the line defect, resulting
in different valley scattering phenomena. By constructing two parallel line defects, the 100% valley polarization
can be achieved in a large angular range with the 58 ring line defect. The finding has important implications for

the design of graphene line defect based valley filters.
Keywords: graphene, line defect, first-principles calculations, local deformation, valley filter
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