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Fig. 1. Schematic diagram of a magnetic silicene superlattice.

086801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 8 (2018) 086801

(3)—(6) ZUH A SERE

h’UFk_;,_ —h’UFk_
Ay =
E+ Ay F+ Ax
eikmz 0
By (fl)) = . )
0 e*lk‘zlf
Ay — hopk!, —hvpk’ 7
E+Av+ po E+ Ay + pio
eik;x 0
BM(SU) = eyl ?
0 e*lk‘zx

ki =k, £ink,, K\ =k, +ink,,
k., = \/E? — (An)? cos 0/ hop,

K, = /(B + o) — (Aw)? — (hveky )2 /o,

Tno M tye 7339 RN ZABONE S 2250
P RHAE 73 T AR R SR

tyo N N1
( . ) =Bw(L+D)" " [Bw(L+D)U]| (r ) ;

(7)
KA U = Bw(L) ' Ayl AuBu (L) Ay Aw, B H
HIE A s BN o IR TFER L T, = |t
H 4 Landauer-Buttier 2 3 I % F& & Fh v] 5
PRI T7 18], 4 H B g BEA o ) #F7E i
THIZHS G, TTURRA:

Gna = Gognaa (8)
/2

Gno = / T, cos0d6, (9)
—m/2

2100 T BN B a2 R S
Gw:ewhﬁﬁuﬁggwﬁ%imM%ﬁ
W ONEER O R, ke Bk U (9) 2,
ATLLSE S 9 gy = SHT O i

KL gy(y) = TIN5 g
Py FUEHEREA 2 Py 415152 SUN:
Py = u (10)
9K + gk’
gr — 9
Py =7 == 11
> g+t 91 1D

6% B i STEE — Aso HIZAE T RRAN 1) B

<?>>n&;mrﬁﬁﬁﬁéﬁ¢%@ﬂﬁ
B TRV gy = goy + g s FOWTE I RE ) B0
S (MTHEAT-BHETIES), gy = gur + g B
TR F L (ML 5 (T 18 B T S o 0 o ), TR
E AL AT LS Sy

_ 90 — 94y

g ta
(BT (12) 3% AT DI B e B 1 T3z

(12)

3 KEER G0
3.1 FHETEAN

HAEEBRIGE RS e = har = 01
oL, REHRIE, AL, BEEKS S HERT S
*%q:ﬁB’JN/\EEiZJEﬂIN—l/\%%EﬁE}Z. fi
W i) HELERE G AE PO Aso = 3.9 meV, &
L =D =50nm. Hhr = harp = 0, NELEH JiE
AN A G B, (HS2, W+ A5 R & HL
NE=4meV, HT E — Aso, dbt&E& B2k
. B2 45 7T TURAS R Sh A% 2, TR B ek
A4 ) L FRTE 1 REAR A B0 ML 3R 22 A KRS, AE
2 (a) T B AR A 1R F 5 B 2 R A 0 X 2
HH?XT? GRE I Ay, AFIBMWAST s B T
B FAANE, TR TR R AR I, 3R
T)&Fﬁ%%ﬁ%?TﬂE’] Ay (Bae) 4. HEIRER AL E
H dg,e/dAz = 0k5E, B

Az = —ndsp + 1o (E — Ago) ~ —ndgp, (13)

PR ENW), BB E A ) R g T
Ay ~ p(—p) Bz, PIANERT Ay = 052 XK
(), % B IR AL B H I B 2T B Dl 2. BEE dn i
I (N =1, N=2, N=5 N =10), XUTFT=%
JER TV, I T4k 1) F S U 7 15 Bk Bk A i,
5% E AR AL B LT gy B0 gy IO SE A S0 I BESR
TR i % PRI s S o mT DAFH T8 1 e 4 48,
R AN By I BEE S ORI JE B . TR A e
WA Z Ppg BEHLFA 2 A, KR INE] 2 (b) P, 8
am M PR 3 R M A0 45 0] B e R AR AE 3 4k kA
B SR EUER 22 B B 5 T L 2R3 N B
AR T8 (R0 1 P R 1 e 2 e A R AL ).

086801-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

1.04

0.8 +

0.6 +

an 9y

0.4 1

0.2

Az/E

Vol. 67, No. 8 (2018) 086801

L0 ) ———————C
0.54

£ 0

—0.54"

—1.04 IR Y

4 2 0 2 1
Az/E

K2 (a) EETEWRALES gy (SEL) Fl gy (HELR) BEHBHAE Ay FABNKR; (b) IRATEMILE Ppg BHHZ Ay AEMLK
. ZHOEW Aso/E = 0.975, L/l = 0.53, u/E = 1.8, hp/E = hap/E =0

Fig. 2. (a) Pseudospin polarized conductance g4 (solid line) and gy, (dashed line); (b) pseudospin polarization Ppg
as a function of the on-site potential difference Az. Parameters are Ago/E = 0.975, L/l = 0.53, u/E = 1.8,

hp/E = hpp/E = 0.
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Fig. 3. (a) Valley conductance gg (solid line) and gg- (dashed line); (b) valley polarization Py as a function of the

on-site potential difference Ayz. Parameters are u/E = 0, hp/E = 1.25, har/E = 0, other parameters are the same

as in Fig.2.
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Fig. 4. (a) Valley conductance gx (solid line) and gy (dashed line) and (c) spin resolved conductance g4 (solid line)

and g (dashed line) as a function of the on-site potential difference Az; (b) Valley polarization Py and (d) spin

polarization Pg as a function of the on-site potential difference Az. Parameters are u/E = 2.5, hp/E = 1.25,

har/E = 0, other parameters are the same as in Fig. 2.
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Fig. 5. (a) Spin resolved conductance g4 (solid line) and g (dashed line) and (b) spin polarization Pg as a function

of the on-site potential difference Az. Parameters are u/E = 0, hp/E = 0, harp/E = 1.25, other parameters are

the same as in Fig. 2.
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har/E = 1.25, other parameters are the same as in Fig.2.
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Abstract

Silicene is a close relative of graphene with a honeycomb lattice structure. However, silicene is unlike the strictly
two-dimensional graphene and it has a buckled structure, i.e., the A and B atoms form two sublattice planes with
a small vertical separation distance in between. Thus a perpendicular electric field applied to silicene can induce a
staggered sublattice potential and different onsite energies in the A and B sublattices. As a result, silicene has a large
spin-orbit gap compared with graphene. In addition, the mass of Dirac electrons in silicone is controllable by an external
electric field, which leads to several controllable polarized transports in the silicene junction, including valley-, spin-
and pseudospin-polarization transport. However, in a single silicone junction the manipulations of polarizations are
not ideal. In this work, we consider several silicene-based superlattices in order to effectively control the properties of
polarization transport. Using the transfer matrix method, we study valley-, spin- and pseudospin-polarization transport
in silicene-based electrostatic potential, ferromagnetic and antiferromagnetic superlattices. The effects of ferromagnetic
exchange field, antiferromagnetic exchange field and chemical potential on transport properties are analyzed and the
roles of electrostatic field in regulating valley-, spin- and pseudospin-polarization are discussed. The ferromagnetic
superlattices result in spin-dependent chemical potential in ferromagnetic regime, while Dirac-like mass depends on the
antiferromagnetic exchange field and spin. For electrostatic potential superlattice, the pseudospin-polarization occurs
and there is no spin-polarixation nor valley-polarization. The peaks of both the pseudospin conductances are completely
separated from each other and the pseudospin is completely polarized in the wide range of the zero field for both sides.
For ferromagnetic superlattice, the ferromagnetic exchange field and chemical potential lead to the concurrences of spin-
and valley-polarizations. The spin- and valley-polarizations can realize a sudden reversal from —1 to +1 by adjusting
the electric field. For antiferromagnetic superlattice, the similar properties of spin- and valley-polarizations are observed.
Comparing with the ferromagnetic superlattice, only the polarization order is different when the same change is made
in the electric field.

These results indicate that when the number of lattices in the superlattice is more than 10, the valley-, spin- and
pseudospin-polarization reach 100% easily in silicene-based superlattice. The polarization direction can be reversed by
adjusting the electric field, which is helpful in manipulating the freedom degrees of valley, spin and pseudospin in silicene

superlattice.

Keywords: silicene superlattice, electric field manipulation, valley polarization, spin polarization
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