Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

6D Institute of Physics, CAS

B F RN X AT E F m AR G A 1 B A R0
XL KT REF

Effect of electronic correlations on magnetotransport through a parallel double quantum dot
Wu Shao-Quan Fang Dong-Kai Zhao Guo-Ping
5| {5 & Citation: Acta Physica Sinica, 64, 107201 (2015) DOI: 10.7498/aps.64.107201

1E 251515 View online:  http://dx.doi.org/10.7498/aps.64.107201
AP %R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/110

AT RE R B E 3 E

Articles you may be interested in

3 R B XU s Ak T e PH 2 X I o ot A 7
Mageto-transport properties of serial double quantum dots in the spin blockade regime
YE=4.2013, 62(1): 017201 http://dx.doi.org/10.7498/aps.62.017201

Ef R XU 1 R TR A O I Rk AR 1 52 i
The effect of the interdot Coulomb interaction on Kondo resonance in series-coupled double quantum dots
YyPE2EH%.2012, 61(8): 087203  http://dx.doi.org/10.7498/aps.61.087203

— YL IR RS HL IR L -7 A B FH RS N

Non-classical state effect on the persistent current in one-dimensional mesoscopic ring with electron-
phonon interaction

PP 22 4%.2011, 60(3): 037303  http://dx.doi.org/10.7498/aps.60.037303


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.107201
http://dx.doi.org/10.7498/aps.64.107201
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I10
http://wulixb.iphy.ac.cn/CN/abstract/abstract51753.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51753.shtml
http://dx.doi.org/10.7498/aps.62.017201
http://wulixb.iphy.ac.cn/CN/abstract/abstract47967.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47967.shtml
http://dx.doi.org/10.7498/aps.61.087203
http://wulixb.iphy.ac.cn/CN/abstract/abstract18160.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract18160.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract18160.shtml
http://dx.doi.org/10.7498/aps.60.037303

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 10 (2015) 107201

BHF RN X THNE F R RS
b e Al

S

FHTT REF

(P9 K 7 TR0, B 610066)

(2014 4E 10 A 24 HY®; 2014 4 12 A 30 HURE &858 )

MERIE ERFFL TP AT XUE T 5 2R 8P 0 HL T SRR RN X 2% R G i VE R IR, BT CETT R TT
2, THE T R G IR S AR S AR T SEAE AR W] T RSB AT EARE R — MR R
5 2r LB, T PR P SRIBR SR AN AT LA s ] L B e SR IBR AL, 3 mT LA 3 S50 97 o 2 il BELARN 7 Al 7 F 3 1 1

Bl MRS AR AT T 6

R TATRCE T A, HF ORI, ETRRTI, S FL A S R

PACS: 72.15.Qm, 75.25.-b, 73.23.Ra

AR, BT XE T 5 (DQD) RGAE K
T AT 2R U S B0 U R
IR IO E TSR 7T 2Rk, KT WE T RAS
s tER A KR, XL R T R R
GURDL T 1% 2 ARAT RO PEN, . 3T RO
JEG L 28 L VR R RE 28 | Bt S BLSGEE BOKE
Mg 75 45 1091 7] 2 0 AR G RN R 3k e
BB R K 5 B AT K Hma e, Toie Mg
3 T R R (4 A BESEAT I I, #R A+ B

DR CANHRAE. X RIXUR T A R G AR
T B DO HOE S AR KRR R b vk
TWA T — I, e R AR R
WIS 5 — T, 7 i A P S R R e Ak
5 XURT KA G T 1 B AR A 18] i AR AR
M. BT BRI R, MR T ARG
BUBONE 28 1 B e IR R T R B, AR ST 7 T
TR AE X AT XU T 1 2 G i s 1 R PR 52
W FEEE KL W], HLT B SRR T BAE & AR 4t
Bl AMROK I BE 7 WERH, 10 SRR ARN 7T DA 20

DOI: 10.7498 /aps.64.107201

RGBS TR G S IR A
I JiE 1 1~ s AR T RN - SRR T T A

2 RHoHRA

B 1A T R GE Rl SR BB PR
TR B T RS AT RS, A B
(FIFE 27 M s RIS, RSB P 0 ) 5 PSR
TR SRS, BT RT R TR
WRANAEH, BN ET AP0 -VIERS A&
TR R T AR AR U, PRI DA
4% — ' AP E TSR S R

K1 RERARZRKE

Fig. 1. The model of the system.
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Fig. 2. Current (a), differential conductance (b) and
tunnel magnetoresistance (c) in the dotl as a function
of bias voltage with J =0, U = 0.
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Fig. 3. Current (a), differential conductance (b) and
tunnel magnetoresistance (c) in the dot1 as a function
of bias voltage with J =0.3, U = 0.
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Effect of electronic correlations on magnetotransport
through a parallel double quantum dot*
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Abstract

We theoretically investigate the effects of electronic correlations (including spin and Coulomb correlations) on the
magnetotransport through a parallel double quantum dot (DQD) coupled to ferromagnetic leads. Two dots couple
coherently through electron correlations, rather than tunneling directly between two dots, and each dot is coupled to
two semi-infinite ferromagnetic leads. We assume that the intradot Coulomb repulsion is much larger than the interdot
Coulomb repulsion U. Thus, only the zero, one and two-particle DQD states are relevant to transport. Because of
interdot electron correlation, the I-V characteristics of each dot is sensitive to the change in the state of the other
dot. This work focuses on the effects of electron spin correlation and electron Coulomb correlation on magnetotransport
through this system. In order to determine the transport properties of the system, we use the generalized master equation
method. This method is based on the reduced density operator defined by averaging the statistical operator of the total
system over the states of all leads. With the framework of the generalized master equation and the sequential tunneling
approximation, we calculate the current, differential conductance and tunnel magnetoresistance (TMR) in the dot 1 as
a function of bias for different spin correlations and Coulomb correlations. Our results reveal that the magnetotransport
through this system is more sensitive to Coulomb correlation than to spin correlation; when Coulomb correlation equals
zero, the spin correlation can induce a giant tunnel magnetoresistance, which is further larger than the Julliere’s value
of TMR; when Coulomb correlation occurs, the giant tunnel magnetoresistance disappears; when Coulomb correlation
is equal to or larger than spin correlation, Coulomb correlation can suppress spin correlation; while the coexistence of
Coulomb correlation and asymmetry of the DQD system can result in dynamical channel blockade, which can lead to
the occurrence of negative tunnel magetoresistance and negative differential conductance. These novel properties lead

to the potential applications in nanoelectronics, and relevant underlying physics of this problem is discussed.

Keywords: parallel double quantum dot, electronic correlations, master equation method, negative

differential conductance and negative tunnel magetoresistance
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