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Novel 0—7 State Transitions in a Superconducting Narrow
Two-Dimensional Topological Insulator Junction

Yu Qingyun,Tao Yongchun
(School of Physics and Technology ,Nanjing Normal University , Nanjing 210023, China)

Abstract : The narrow two-dimensional topological insulator is characterized by the interedge backscattering originating from
interedge coupling, which could greatly enrich topological superconducting electronics. Here, considering the interedge
coupling,we apply Bogoliubov-de Gennes(BdG ) equation to study the Josephson junction composed of a narrow two-dimen-
sional topological insulator strip,where two superconducting electrodes at a distance of d are placed on the same edge of the
strip. It is found that varying d could give rise to a O—7r state transition,which in turn can manifest the helical spin texture
of the edge states. The mechanism stems from an additional 77 phase shift caused by the interedge backscattering, being
different from the conventional one induced by the length of the ferromagnet sandwiched between two superconducting elec-
trodes. Moreover,an unusually large residual value of the Josephson critical current at the O—7r state transition point is
always exhibited. As a result,the results have potential applications in the designs of superconducting electronic devices,for
instance,a supercurrent switch with a very efficient performance.

Key words : narrow two-dimensional topological insulator, interedge coupling, Josephson junction,0—7r state transition

AR SN SRR (T H T HA A7 iy B T DL S e 3 e F 22 i I g s 2 5
BTN Z 6N Hh i T4 (2D) TI E47E HeTe/CdTe 1 FBEFSZE . 2D T & —FhindhR
SR B AR, FL S SRR R AR T R TCRE BRI BE M S A AT X 0 % A 57 B s i) s e X B ) H
MR Bl h ST 0 AIE S ShEg0E , A BEAH i HREEIE A S 0 mliz 3l BT i IR e
P FETR — 30 B A R B e 28 RV A, BAR ATTE S EEESE T4 AR S R A
TEM AL B GRS B (HRAT AR B = T 392 ) S 06 E 4 25 UF I G A5 2 vk i L e 2540 7. AR E A 1Y
S, AMTEBL 2D TI A S AT P Y 2535 TR Al LA 1 2D TI SR S8 BE) . IR, X F— P8 1
2D TI, B pR U A, T R BOR ] A 30 2 28 22 1) 77 A= 31 [RD RS 5 B AT LA & A A [R) 300 22 1] A 3 ()

s B #1.:2017-02-27.

BT T8 8 m A AR QI H (KYLX16_1266) .
BB RN FKER, #2, BE58 05 ) AR N S A EHL T2, E-mail : taoyongchun@ njnu.edu.cn




PSR 4R (AR R 55 40 45 3 11(2017 4F)

TR, AT IFRERR , S A G 32 I TS E D AR A AR 710 X R R AR 1 2D T1 IR AT K el s,

TEt 2L H4E L Josephson 25 H T HAE A el 5 Fl & 117 B B e ], © S 7E BLR T 5L 50
TR P FE— A8 1Y Josephson 25 HR AR S LA A 2 ARV 25 o FESEAS I W R E (H
TE—BRER AN S R R 7 ) 23 & AR B BV R A T FriE Y 0— 85EAR XA S T o A1 —AHih
0 AR Sl R R B UMY m FIELI) Josephson S5FKA o 45. AITJEI S, Josephson Z5H K 0 251 7
SREADRAE AR T IR, 87 R 8 iR b AR B 5 Bt ATE &4 BIe M S ot 58 b ik
SRR (SC) /8RR AA/SCZE b Bk S ] R G R SS e KON ECE B E T LU 0 -7 AR
AR SRV LI S A P IRV X S AR DR 1) R H TR, 3t R R BR ) 1 oA o 7 e e A i
FAEEPRRI A . Hit, S —FKAE RFERLAY Josephson o £5 Xt KA M T-5 BHE AR AR
WELY. 7E 2D T T A2 SIBHEMEAR Y, v TR 3D A8 1 s WA R FE I BT DAL R T TE
A PRI TCAEHL 7 S5 A IR
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KO0 A A Andreev SUFF 200 (HUZR BN HATN IE, 767%5 80 ARG WS OL T, X3 F 84519 2D TI 1Y
D Josephson &5 B 549K Je: it = f7 L I FEAR SO AR T AN TR AR 2D TR Josephson
45, Hrb 2D TI JA — Z3 AP s— ol A4 7225 L R & 1 R 00 T, 715 1 A5 H9 1Y Josephson 1,
it A A R E R DA BE 4 AT DL ST AT I 0—ar ASFE S el T R U B E IS IAT
— NI AR IR R [R) FAE SE R4l Josephson &5 | [a] I 3 A 2% S RE S i S i B 2D TI i 4745
WEHEPE Y A BESS K. AL, I8 KK Josephson Il FHLIRTE 0—7 5672 A A A S R AR, X et
B ARSI 1 . X g O S0 I T HIRAE S AE T Josephson 7 Z5$2 4 7T Y 5 1.

1 BRpaRy

AT R AN 1 iR YL T BEZE (Y 2D TI Y Josephson 45, BR7E (1) 2D TI BT « 7 1), BB s— 3%
AR 2D TI M L Zk (FR 1 3) 8 Je e B8 A v ) (9 15 3 X B R o 4t fin— 4~
FTRLE V. i AR AN , 76 He i XS 25 175 H R RO 342528 8 R IVIROE 30 % 25 AR ] P
ARG, KR S RER BB AR RY 2D T1 A B LA R Z, B LART RLA B R 5 G R 42
fil ) 1 S AR R AR B 55 —300 (2 3 ) AR SR IE B AR X T — B2 2D TI, 1 31 i HE 10 o
Bk A H A T BRI ) i 20 A8 Z )= A IR [R] X3k 9 20 2 18] B B 5 BE R e (), T B B8
XI (0<v<d) IFRESRIEN o, , 22 A4 8 S X8R T 2D T1 45 b 1 i 7% PR 0B 1B 2 SR
AR RS, R «a.

H1 T 2D TI AR 22532 B st i) SRR PR B AR, R 1 e RS SR e R AT T R e P2 1k Mg v
DL U 43 O BRBCR R L R G b, () = (u,(x),  up(x), v,(x), v,(x)', Hebre=T(1)REHA

P FHR 5 P — DB 1) 2 (2D) S EMEG A (T 47 EPA 1,2 ASAEE. WA () Bk MZFRR 2D T W IRFE ML 275, 41
JOLA TR 1) FHEE BT Sk R . WA s— B0 A (SCs) RN IRFOR | BEEAE 1 IS, JAEPIAS SCs Z 8] (Y PR IEH BRI BE S d I8
MmN T V.

The big bar denotes the narrow two-dimensional (2D ) topological insulator ( TI) strip with two edges (edges 1 and 2). The helical edge states are
illustrated by the left arrow or right arrow lines with the vertical arrows representing the spin orientation. The two s-wave superconductors ( SCs ) deposited
on edge 1 are sketched as the two small bars. The middle normal segment of width d sandwiched between the two SCs is applied by a gate-voltage V.

B 1 Josephson & REE

Fig. 1 Schematic illustration of the proposed Josephson junction
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KW T5 WG 8. Feali, BiE o, ISR B2 EAIE/DN , R E o, BEWE R Josephson HLE. A
BRI I, FAT T R IIE AN SCHR [ 17 ] rh—HE X BLAY 1, TER DA A A R AR (B, X D4R T 5080
ORI EL 1,1 H d BN 1 R ERRR. S T BEAT LU, AT I TR A LA, B o, =a,=0,
1, B d WZRARAE DL, aniEl 2 Hr it B TR, 85RO, BEE d 35, 1, SRS, X R WA 0-7 S5 E,
X5 SCHR[ 34 ] I OSSR —FE. WHIERA BT B MRS OLER s~k SC/IEH 4 J& /s~ SC 4525 {bl.

2.0

1 (2eA,/h)

d/g,
B2 ZFEBRAERERBEEE a, KTERT, Josephson I F BRI, B EIRKIBHKE d HTHERL, HPHRBERT
FERDEABEHNER. X8 ,0,=0.50,,V,=124, 0, WIEEREEERIRE
Fig.2 The Josephson critical current I, as a function of the middle region length d for different interedge coupling strengths «,.

The inset shows I, as a function of d without interedge coupling. Here,a; =0.5a,,V, =124, ,and the various a, are indicated

20 g

a,

Re(a,,)
=}

-20 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0

d/&,
B3 ASRFERENFMENEERFEREMEREIERN Andreev K HHERIE o, 0 q,
B 8] X E B K B d LR, XY R T 2 R E K.
XE a,=0.74,, ESHE5E 2 —
Fig.3 Andreev reflection amplitudes a,and a, as a function of the middle region length d,corresponding to the dashed line in Fig. 2,

coming from the contribution of all channels. Here,the parameters are the same as those as in Fig. 2 except that a, =0.74,
N T Andreev SITHERIR a, ) FEAFEA BIREG HUIE O AT OE 0-7 255678 76 3w, Al 140
T2, =0.74, I B R T 18] 2 A il 2, ASHL 3 B 1 (25 OB HERE ) 92k A BT A 3l 18 Y
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Andreev SHERIR ) BEH ] DX d BOAEARTR B S5 R ABL, B d B3N, a, o M IE AR 2 B
INIRIGTE d=d, =0.091€,, WHLIEHE — AT AL TR BRER B T(E, SR1T, a, HOTEBUIA SRR A S Y, FUR(ERY
RANIEA AN I, Andreev SUFSBERIR a, o, B #5417 LR A9 7 DR AR R AY , BI RO BOAFS AR, 12 d, 4L,
Josephson Il FHHL I 1, 7E1E S5 10 F(EAHAE  TE QAP 4 v Bz, 23 55 00 BT WSS TRl B AR 2 22, PRk, 7T LA
K 1, IIETS 1 B 7 16 G AL BT I 0—r Z55648. BEAT d BYHE—22300, a, ) FEAEUAY SO IR AR
(B , SRV A2 KA SUR AR A B (IEAED) , 7R RIS PSS 0 BIRS LT 7-0 Al 0—7 255672,

12r — d/E~0.015
--- d/E=0.053
o8- /o N\ - d/E=0.091
G\ d/§0=0‘1 14
= o4l N\ 60136
>
S ;
= 0 7
/.-‘f-.: 4\\\
-0.4 R
—0.8 | | | ]
0 0.5 1.0 15 2.0

¢/
4 Josephson Hif I( ) EARBMKE d T, HEHEME ¢ HELFR. XEB,a,=0.74,,
HtsHE5E 2 W—5,d WREBLEERSIRE
Fig. 4 Current-phase relations I( ¢») with various length d. Here,the parameters are the same

as those as in Fig. 2 except that @, =0.7A, and the various d are indicated
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FIR F 2 32008320 1) 3 O e T LA & A= T AR, 5 DR — N8N o AR, (75 o ) XI5 1Y)
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