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Fig. 1. (a) Schematic diagram of the non-adiabatic quantum spin pumping device based on a ZSiNR junction, the width of the
device is N (the number of zigzag chains), and length of the perpendicular electric field (AC field) is Li(L2) (in unit of the unit
cells as shown in the dashed box); (b) schematic diagram of the band structures in each region of the device and the photon as-
sisted processes where the solid (dashed) arrows represent transmissions in the photon-absorption (photon-emission) processes, and

red (blue) colour represents spin up (down) one.
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Fig. 2. (a) The pumped currents I7 as a function of w for different Fermi energies; (b) the density of states of ZSiNR.
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Fig. 3. The pumped spin currents IIT ) a5 a function of driving frequencies w under different Fermi energies Er and staggered po-
tentials Ag: (a) Ag = 0.1\, Ep = 0.25Xs ; (b)—(d) Ap = 0.4Xs0, Er = 0.25)s0, 0.15As0, 0.05\, .

190704-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 19 (2026)

190704

40

(a) — I — I -1

UJ/)\SO

40

(b)

— I — 1 -

w/)\SO

B4 RS Ao FRM AR I BEA I BWHE 0 MK (Br=0) (a) Ao = 04X ; (b) Ag = 1.0

Fig. 4. The pumped spin currents IE M) and total current I{ as a function of driving frequency w under different staggered poten-

tials Ag (El: =0 ): (a) Apg = 04X ; (b) Apg = 1.0 .

k2, AT G VOKGE Ee = 0 BF A2 H fig
W LT RS I BER w B 2R S5
B4 s, BRI, T DOS &F Er = 0 XK,
1€ 1) R € 1) F i DK 1 5 T RO /N
FHESEATSAHR, B 1T = — 1 | ek i PRl A e .
S O A RN, BT DASE I E AR AR EE R 1
-1 A1k,

4 %

A Keldysh JEFHAs AReREC T 5, £
—FhILF ZSiINR FERE TS =4 A etk e fnal B
T 09 7 2. SE At 7E ZSINR it fin s dak i v 37 A
ALY, SRR REIX 18] 2 /1) A 1 i 2 K FE LA
B W% 28 20, BT R ROl B # X
FRYE, 7= ATEM AT VA7 9ok RERT LISt al B
R, B/ INAT LAYE S 1 BE R i 5h 77 ) LA %
H e AL . 1207 2 mT 38 F T HoAth 28 47 3807 44
KE, HA AR R AR . SO S B AR A
WS BT e HOBERE RN PO i HL & B AR
FE R T BB E AEAE [0, AT 5% 4% S o A 3
T B e TF2- AR 15 B

S 30k

[1] Novoselov K S, Geim A K, Morozov S V, Jiang D, Zhang Y,
Dubonos S V, Grigorieva I V, Firsov A A 2004 Science 306
666

[2] Qiu W, Zhang Q P, Li Q, Xu C C, Guo J G 2017 Acta Phys.
Sin. 66 166801 (in Chinese) [HL#, TKJMS, 258k, VP, 5Fat
NIl 2017 PyFE~=4i 66 166801]

[3] Liu C C, Jiang H, Yao Y G 2011 Phys. Rev. B 84 195430

[4] Liu C C, Feng W X, Yao Y G 2011 Phys. Rev. Lett. 107
076802

20]
[21]

(22]
23]
(24]
[25]
[26]

(27]
28]

190704-6

LuW T, Sun Q F, Tian H'Y, Zhou B H, Liu H M 2020 Phys.
Rev. B 102 125426

Rzeszotarski B, Mrefica-Kolasifiska A, Szafran B 2019 Phys.
Rev. B 99 165426

Vogt P, De Padova P, Quaresima C, Avila C J, Frantzeskakis
E, Asensio M C, Resta A, Ealet B, Le Lay G 2012 Phys. Rev.
Lett. 108 155501

Chiappe D, Scalise E, Cinquanta E, Grazianetti C, van den
Broek B, Fanciulli M, Houssa M, Molle A 2014 Adv. Mater.
26 2096

Berdiyorov G R, Neek-Amal M, Peeters F M, van Duin Adri
C T 2014 Phys. Rev. B 89 024107

Ezawa M 2012 Phys. Rev. Lett. 109 055502

Xu CY, Luo G F, Liu Q H, Zheng J X, Zhang Z M, Nagase
S R, Gao Z X, Lu J 2012 Nanoscale 4 3111

Fleurence A, Friedlein R, Ozaki T, Kawai H, Wang Y,
Yamada-Takamura Y 2012 Phys. Rev. Lett. 108 245501
Wang Y Y, Quhe R G, Yu D P, Lu J 2015 Chin. Phys. B 24
087201

Rachel S, Ezawa M 2014 Phys. Rev. B 89 195303

Wang D L, Huang Z Y, Zhang Y Y, Jin G J 2016 Phys. Rev.
B 93 195425

Shao H H, Guo D, Zhou B L, Zhou G H 2016 Chin. Phys. B
25 037309

Zhang J L, Fu W, Wang K'Y, Ke S S, Lii H F 2017 Phys. B
(Amsterdam) 525 16

LiuD P, YuZM, Liu Y L 2016 Phys. Rev. B 94 155112

Qi F H, Cao J, Xu Y F, Cao J, Zhou X F, Jin G J 2025 J.
Phys.: Condens. Matter 37 465303

Niu Z P 2019 New J. Phys. 21 093044

Han W, Pi K, McCreary K M, Li Y, Wong J J I, Swartz A
G, Kawakami R K 2010 Phys. Rev. Lett. 105 167202

Volmer F, Drogeler M, Maynicke E,; Driesch N V D, Boschen
M L, Giintherodt G, Beschoten B 2013 Phys. Rev. B 88
161405

Thouless D J 1983 Phys. Rev. B 28 4272

Zhang Y R, Yu J M, Ren C D, Tian H Y, Xue L, Hu J G,
Wang S K 2025 J. Vac. Sci. Technol. A 43 022202

Alos Palop M, Tiwari R P, Blaauboer M 2014 Phys. Rev. B
89 045307

GuY, Yang Y H, Wang J, Chan K S 2009 J. Phys.: Condens.
Matter 21 405301

Zhou Y, Wu M W 2012 Phys. Rev. B 86 085406

Xu H T, Cheng X H, Yu J M, Ren C D, Tian H Y, Xue L,
Gu Y 2025 Phys. Scr. 100 065963


https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.7498/aps.66.166801
https://doi.org/10.1103/PhysRevB.84.195430
https://doi.org/10.1103/PhysRevB.84.195430
https://doi.org/10.1103/PhysRevB.84.195430
https://doi.org/10.1103/PhysRevB.84.195430
https://doi.org/10.1103/PhysRevB.84.195430
https://doi.org/10.1103/PhysRevB.84.195430
https://doi.org/10.1103/PhysRevB.84.195430
https://doi.org/10.1103/PhysRevLett.107.076802
https://doi.org/10.1103/PhysRevLett.107.076802
https://doi.org/10.1103/PhysRevLett.107.076802
https://doi.org/10.1103/PhysRevLett.107.076802
https://doi.org/10.1103/PhysRevLett.107.076802
https://doi.org/10.1103/PhysRevLett.107.076802
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.102.125426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevB.99.165426
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1103/PhysRevLett.108.155501
https://doi.org/10.1002/adma.201304783
https://doi.org/10.1002/adma.201304783
https://doi.org/10.1002/adma.201304783
https://doi.org/10.1002/adma.201304783
https://doi.org/10.1002/adma.201304783
https://doi.org/10.1002/adma.201304783
https://doi.org/10.1103/PhysRevB.89.024107
https://doi.org/10.1103/PhysRevB.89.024107
https://doi.org/10.1103/PhysRevB.89.024107
https://doi.org/10.1103/PhysRevB.89.024107
https://doi.org/10.1103/PhysRevB.89.024107
https://doi.org/10.1103/PhysRevB.89.024107
https://doi.org/10.1103/PhysRevB.89.024107
https://doi.org/10.1103/PhysRevLett.109.055502
https://doi.org/10.1103/PhysRevLett.109.055502
https://doi.org/10.1103/PhysRevLett.109.055502
https://doi.org/10.1103/PhysRevLett.109.055502
https://doi.org/10.1103/PhysRevLett.109.055502
https://doi.org/10.1103/PhysRevLett.109.055502
https://doi.org/10.1103/PhysRevLett.109.055502
https://doi.org/10.1039/c2nr00037g
https://doi.org/10.1039/c2nr00037g
https://doi.org/10.1039/c2nr00037g
https://doi.org/10.1039/c2nr00037g
https://doi.org/10.1039/c2nr00037g
https://doi.org/10.1039/c2nr00037g
https://doi.org/10.1039/c2nr00037g
https://doi.org/10.1103/PhysRevLett.108.245501
https://doi.org/10.1103/PhysRevLett.108.245501
https://doi.org/10.1103/PhysRevLett.108.245501
https://doi.org/10.1103/PhysRevLett.108.245501
https://doi.org/10.1103/PhysRevLett.108.245501
https://doi.org/10.1103/PhysRevLett.108.245501
https://doi.org/10.1103/PhysRevLett.108.245501
https://doi.org/10.1088/1674-1056/24/8/087201
https://doi.org/10.1088/1674-1056/24/8/087201
https://doi.org/10.1088/1674-1056/24/8/087201
https://doi.org/10.1088/1674-1056/24/8/087201
https://doi.org/10.1088/1674-1056/24/8/087201
https://doi.org/10.1088/1674-1056/24/8/087201
https://doi.org/10.1103/PhysRevB.89.195303
https://doi.org/10.1103/PhysRevB.89.195303
https://doi.org/10.1103/PhysRevB.89.195303
https://doi.org/10.1103/PhysRevB.89.195303
https://doi.org/10.1103/PhysRevB.89.195303
https://doi.org/10.1103/PhysRevB.89.195303
https://doi.org/10.1103/PhysRevB.89.195303
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1103/PhysRevB.93.195425
https://doi.org/10.1088/1674-1056/25/3/037309
https://doi.org/10.1088/1674-1056/25/3/037309
https://doi.org/10.1088/1674-1056/25/3/037309
https://doi.org/10.1088/1674-1056/25/3/037309
https://doi.org/10.1088/1674-1056/25/3/037309
https://doi.org/10.1088/1674-1056/25/3/037309
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1016/j.physb.2017.08.077
https://doi.org/10.1103/PhysRevB.94.155112
https://doi.org/10.1103/PhysRevB.94.155112
https://doi.org/10.1103/PhysRevB.94.155112
https://doi.org/10.1103/PhysRevB.94.155112
https://doi.org/10.1103/PhysRevB.94.155112
https://doi.org/10.1103/PhysRevB.94.155112
https://doi.org/10.1103/PhysRevB.94.155112
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1361-648X/ae1920
https://doi.org/10.1088/1367-2630/ab43a2
https://doi.org/10.1088/1367-2630/ab43a2
https://doi.org/10.1088/1367-2630/ab43a2
https://doi.org/10.1088/1367-2630/ab43a2
https://doi.org/10.1088/1367-2630/ab43a2
https://doi.org/10.1088/1367-2630/ab43a2
https://doi.org/10.1088/1367-2630/ab43a2
https://doi.org/10.1103/PhysRevLett.105.167202
https://doi.org/10.1103/PhysRevLett.105.167202
https://doi.org/10.1103/PhysRevLett.105.167202
https://doi.org/10.1103/PhysRevLett.105.167202
https://doi.org/10.1103/PhysRevLett.105.167202
https://doi.org/10.1103/PhysRevLett.105.167202
https://doi.org/10.1103/PhysRevLett.105.167202
https://doi.org/10.1103/PhysRevB.88.161405
https://doi.org/10.1103/PhysRevB.88.161405
https://doi.org/10.1103/PhysRevB.88.161405
https://doi.org/10.1103/PhysRevB.88.161405
https://doi.org/10.1103/PhysRevB.88.161405
https://doi.org/10.1103/PhysRevB.88.161405
https://doi.org/10.1103/PhysRevB.28.4272
https://doi.org/10.1103/PhysRevB.28.4272
https://doi.org/10.1103/PhysRevB.28.4272
https://doi.org/10.1103/PhysRevB.28.4272
https://doi.org/10.1103/PhysRevB.28.4272
https://doi.org/10.1103/PhysRevB.28.4272
https://doi.org/10.1103/PhysRevB.28.4272
https://doi.org/10.1116/6.0004262
https://doi.org/10.1116/6.0004262
https://doi.org/10.1116/6.0004262
https://doi.org/10.1116/6.0004262
https://doi.org/10.1116/6.0004262
https://doi.org/10.1116/6.0004262
https://doi.org/10.1116/6.0004262
https://doi.org/10.1103/PhysRevB.89.045307
https://doi.org/10.1103/PhysRevB.89.045307
https://doi.org/10.1103/PhysRevB.89.045307
https://doi.org/10.1103/PhysRevB.89.045307
https://doi.org/10.1103/PhysRevB.89.045307
https://doi.org/10.1103/PhysRevB.89.045307
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1088/0953-8984/21/40/405301
https://doi.org/10.1103/PhysRevB.86.085406
https://doi.org/10.1103/PhysRevB.86.085406
https://doi.org/10.1103/PhysRevB.86.085406
https://doi.org/10.1103/PhysRevB.86.085406
https://doi.org/10.1103/PhysRevB.86.085406
https://doi.org/10.1103/PhysRevB.86.085406
https://doi.org/10.1103/PhysRevB.86.085406
https://doi.org/10.1088/1402-4896/add79d
https://doi.org/10.1088/1402-4896/add79d
https://doi.org/10.1088/1402-4896/add79d
https://doi.org/10.1088/1402-4896/add79d
https://doi.org/10.1088/1402-4896/add79d
https://doi.org/10.1088/1402-4896/add79d
https://doi.org/10.1088/1402-4896/add79d
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 19 (2026)

190704

[20]
30]
31)
32)

(33]
(34]

Nikoofard H, Esmaeilzadeh H M, Heidari Semiromi E, Sun J
T 2020 Phys. Rev. B 102 035435

Khani H, Esmaeilzadeh M, Kanjouri F 2017 Phys. Chem.
Chem. Phys. 19 14170

Wang K T, Wang H, Xu F, Yu'Y, Wei Y 2023 New J. Phys.
25 013019

Chen HY, Tian HY, Xue L, Ren C D, Wang S K 2026 Chin.
J. Phys. 100 338

Zhang L, Tian H'Y 2020 Eur. Phys. J. B 93 207

Zhang L, Tong P Q 2017 J. Phys.: Condens. Matter 29
495303

35]
(36]

(37]
38]

(39]

(40]

Napitu B D 2017 Eur. Phys. J. B 90 168

Khani H, Esmaeilzadeh M, Kanjouri F 2016 Nanotechnology
27 495202

Marcellino J T J, Wang M J, Wang S K, Wang J 2018 Chin.
Phys. B 27 57801

Déra B, Ziegler K, Thalmeier P 2008 Phys. Rev. B 77 115422

Bampoulis P, Castenmiller C, Klaassen D J, van Mil J, Liu Y
C, Liu C C, Yao Y G, Ezawa M, Rudenko A N, Zandvliet H
J W 2023 Phys. Rev. Lett. 130 196401

Klaassen D J, Boutis I, Castenmiller C, Bampoulis P 2024 J.
Mater. Chem. C 12 15975

Electrical controllable non-adiabatic quantum spin pumping
in zigzag silicene nanoribbon’

CUTI Lei Vf

CHEN Haoyuan ?)*

TIAN Hongyu 2ff

1) (Department of Mathematics and Physics, Sugian University, Sugian 223800, China)

2) (School of Physics and Electronic Engineering, Linyi University, Linyi 276005, China)

( Received 17 March 2026; revised manuscript received 23 April 2026 )

Abstract

Based on the tight binding model and Keldysh non-equilibrium Green’s function method, we investigated

the single parameter non-adiabatic quantum spin pumping phenomenon in zigzag silicene nanoribbon. Quantum

pumping consists of two opposite photon-assisted processes, namely the photon-absorption process and the

photon-excitation process, which can drive charge carriers flowing in opposite directions. The perpendicular

electric field can significantly alter the leftwards/rightwards propagation velocity as well as the tunneling

probability in the low-energy region but has opposite influence on the two spin species. Therefore, applying a

vertical electric field can destroy the symmetry of the photon-assisted processes, where the leftwards/rightwards

transmission of one spin species is enhanced/weakened while the situation is exactly the opposite for the other

spin, resulting in spin polarized currents. The pure spin current can occur at zero Fermi energy and the spin

polarization can be inverted from 1 to —1 by tuning the driving frequencies. This study is expected to achieve

the electrical controllable quantum spin pumping based on silicene nanoribbon, independent of any

ferromagnetic elements.
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DOI: 10.7498 /aps.75.20260379

CSTR: 32037.14.aps.75.20260379

Project supported by the Major Project on Natural Sciences Research in Higher Education Institutions of Jiangsu Province,

China (Grant No. 24KJA430014), the Natural Science Foundation of China (Grant No. 16624059), and the Natural Science
Foundation of Shandong Province, China (Grant No. ZR2023MA027).

1 Corresponding author. E-mail: cuilei8222@126.com
i Corresponding author. E-mail: chenhaoyuan@lyu.edu.cn

11 Corresponding author. E-mail: tianhongyu@lyu.edu.cn

190704-7


https://doi.org/10.1103/PhysRevB.102.035435
https://doi.org/10.1103/PhysRevB.102.035435
https://doi.org/10.1103/PhysRevB.102.035435
https://doi.org/10.1103/PhysRevB.102.035435
https://doi.org/10.1103/PhysRevB.102.035435
https://doi.org/10.1103/PhysRevB.102.035435
https://doi.org/10.1103/PhysRevB.102.035435
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1039/C6CP08817A
https://doi.org/10.1088/1367-2630/acb22e
https://doi.org/10.1088/1367-2630/acb22e
https://doi.org/10.1088/1367-2630/acb22e
https://doi.org/10.1088/1367-2630/acb22e
https://doi.org/10.1088/1367-2630/acb22e
https://doi.org/10.1088/1367-2630/acb22e
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1016/j.cjph.2025.12.003
https://doi.org/10.1140/epjb/e2020-10321-1
https://doi.org/10.1140/epjb/e2020-10321-1
https://doi.org/10.1140/epjb/e2020-10321-1
https://doi.org/10.1140/epjb/e2020-10321-1
https://doi.org/10.1140/epjb/e2020-10321-1
https://doi.org/10.1140/epjb/e2020-10321-1
https://doi.org/10.1140/epjb/e2020-10321-1
https://doi.org/10.1088/1361-648X/aa97b8
https://doi.org/10.1088/1361-648X/aa97b8
https://doi.org/10.1088/1361-648X/aa97b8
https://doi.org/10.1088/1361-648X/aa97b8
https://doi.org/10.1088/1361-648X/aa97b8
https://doi.org/10.1088/1361-648X/aa97b8
https://doi.org/10.1140/epjb/e2017-80084-9
https://doi.org/10.1140/epjb/e2017-80084-9
https://doi.org/10.1140/epjb/e2017-80084-9
https://doi.org/10.1140/epjb/e2017-80084-9
https://doi.org/10.1140/epjb/e2017-80084-9
https://doi.org/10.1140/epjb/e2017-80084-9
https://doi.org/10.1140/epjb/e2017-80084-9
https://doi.org/10.1088/0957-4484/27/49/495202
https://doi.org/10.1088/0957-4484/27/49/495202
https://doi.org/10.1088/0957-4484/27/49/495202
https://doi.org/10.1088/0957-4484/27/49/495202
https://doi.org/10.1088/0957-4484/27/49/495202
https://doi.org/10.1088/0957-4484/27/49/495202
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1088/1674-1056/27/5/057801
https://doi.org/10.1103/PhysRevB.77.115422
https://doi.org/10.1103/PhysRevB.77.115422
https://doi.org/10.1103/PhysRevB.77.115422
https://doi.org/10.1103/PhysRevB.77.115422
https://doi.org/10.1103/PhysRevB.77.115422
https://doi.org/10.1103/PhysRevB.77.115422
https://doi.org/10.1103/PhysRevB.77.115422
https://doi.org/10.1103/PhysRevLett.130.196401
https://doi.org/10.1103/PhysRevLett.130.196401
https://doi.org/10.1103/PhysRevLett.130.196401
https://doi.org/10.1103/PhysRevLett.130.196401
https://doi.org/10.1103/PhysRevLett.130.196401
https://doi.org/10.1103/PhysRevLett.130.196401
https://doi.org/10.1103/PhysRevLett.130.196401
https://doi.org/10.1039/D4TC02367F
https://doi.org/10.1039/D4TC02367F
https://doi.org/10.1039/D4TC02367F
https://doi.org/10.1039/D4TC02367F
https://doi.org/10.1039/D4TC02367F
https://doi.org/10.1039/D4TC02367F
https://doi.org/10.1039/D4TC02367F
https://doi.org/10.1039/D4TC02367F
http://doi.org/10.7498/aps.75.20260379
https://cstr.cn/32037.14.aps.75.20260379
mailto:cuilei8222@126.com
mailto:cuilei8222@126.com
mailto:chenhaoyuan@lyu.edu.cn
mailto:chenhaoyuan@lyu.edu.cn
mailto:tianhongyu@lyu.edu.cn
mailto:tianhongyu@lyu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

PR RURE B AUOK T s R R A B T B R
EH HER WRE

Electrical controllable non—adiabatic quantum spin pumping in zigzag silicene nanoribbon
CUlLei CHEN Haoyuan  TIAN Hongyu

5] Fi{5 &, Citation: Acta Physica Sinica, 75, 190704 (2026) DOI: 10.7498/aps.75.20260379

CSTR: 32037.14.aps.75.20260379

TELR T2 View online: https:/doi.org/10.7498/aps.75.20260379

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

KSR GAE AT SRR AR A PRI 40 A e

Photo—induced pure spin current in graphene/silicene nanoribbons with asymmetric edge functionalization

PPz 2026, 75(9): 190704 https://doi.org/10.7498/aps.75.20251722

BRI AR 2 AL A AAT 4R R A BT SRS A R

Spin—switching effect and giant magnetoresistance in quantum structure of monolayer MoS, nanoribbons with ferromagnetic electrode

PFEEEAR. 2023, 72(15): 157202 https:/doi.org/10.7498/aps.72.20230483

I =23 O LT A LS SRSl

Coherent electrical control of single electron spin in diamond nitrogen—vacancy center

YrH2E 4. 2022, 71(11): 117601  https://doi.org/10.7498/aps.70.20220410

FEXSFR VUSR5 TSICAKAR I 5 T RE A et I F it Sz
Design and transport properties of multifunctional spintronic devices based on zigzag SiC nanoribbon via edge asymmetric dual—

hydrogenation
YIHLET. 2025, 74(16): 168502  https://doi.org/10.7498/aps.74.20250553

T B 50K 5 B e A R R A AR A
Optically controlled silicene and germanene transistors driven by spin—bias

YIBR2EA. 2022, 71(19): 198502  hitps://doi.org/10.7498/aps.71.20221047

TR ) TR A B AR AN R AT T R R A

Giant rectification of ferromagnetic zigzag SiC nanoribbons connecting anthradithiophene molecules

PyFEEEAR. 2022, 71(7): 078501  https:/doi.org/10.7498/aps.71.20212193


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260379
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251722
https://doi.org/10.7498/aps.75.20251722
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230483
https://doi.org/10.7498/aps.72.20230483
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20220410
https://doi.org/10.7498/aps.70.20220410
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221047
https://doi.org/10.7498/aps.71.20221047
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212193
https://doi.org/10.7498/aps.71.20212193

	1 引　言
	2 理论模型
	3 计算结果
	4 结　论
	参考文献

