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Achieving the depairing critical current density along c-axis in Fe(Te, Se) single crystals

BOl B % i

The depairing critical current density J determined by the depairing process of Cooper pairs, is crucial for the
study of the superconducting mechanism, because it directly provides information on the critical velocity of
superfluids, and the magnitude as well as the symmetry of the superconducting (SC) gap. The depairing process
occurs when the kinetic energy of the supercurrent exceeds the condensation energy. However, it is difficult to be
achieved, since the vortex flow occurs preceding the depairing at much smaller current density. In addition, it is
very difficult for a clean single crystal to achieve this limit since the extremely large current is needed. To solve
this problem, micro-fabrication technique is used to reduce the size of the crystal to micrometer or sub-micrometer
scale.

Here, we report the fabrication of a series of Fei+,Te;xSex single crystals with T ranging from 8.6 K to 13.7 K
(different amounts of excess Fe, y), into c-axis nano-bridges with a square-micrometer cross-section [Figs. 1(a)-
1(c)]. The single crystals with different T. were prepared by annealing with appropriate amount of O, or Te as
explained in detail in our review paper [1]. The transport current-voltage measurements were performed by using
the pulse technique (duty ratio ~3.3x10°°) to avoid possible heating effect. The obtained J. reaches a very large
value, about one order of magnitude larger than the depinning Jc, but comparable to the calculated depairing Jc
based on the Ginzburg-Landau (GL) theory. The temperature dependence of the depairing J. follows the GL-
theory down to ~0.83 T, then increases with a reduced slope at low temperatures, which can be qualitatively
described by the Kupriyanov-Lukichev (KL) theory [Fig. 1(d)]. Our study provides a new route to understand the
behavior of depairing Jc in iron-based superconductors in a wide temperature range [2].
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Fig. 1 (a) The scanning ion microscopy images of the fabricated c-axis structure. Schematic drawing of (b) the bridge
structure and (c) the current-flowing path along the c-axis bridge. (d) Temperature (t = T/T¢) dependence of the depairing
current density, normalized to the extrapolated value (J4,//4,)**, along c-axis for the Fei., TeosSeos with Tc = 13.7 K

and 10.9 K. The dotted and the dashed line represent the results from the GL-theory and KL-theory, respectively.
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[2] H. Watanabe and Y. Yanase, Phys. Rev. B 98, 245129 (2018) [https://doi.org/10.1103/PhysRevB.98.245129].
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HTEBHLNERY ELEE[BA], PHTEIZEERICHEE L TWAEBRAETH Y | ZONEBITE iR
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WRLRETEXDIZERHLNERY E L, THITET
LT ORAT, BEZ LT RRNoMFEEEI 52 L
WCEoTHASINTEHDTYT, ZOLETHIIRT LI,
100 27 vl bEd RA AL VR EH TIEOMmAWH X))
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FOFME TROBE THEITL TOVETOTIELI LI,

L ®
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HEF : 2020 4511 H 25 H (K)  15:30~ Zoom |Z THAf

AT« RIKE OKF % v 73 R)

ZA My Wi a— by hEFAF T A0S | AIERER ~D A
T T AT b ohttp//gle.jp/2020/11/09/17thgleseminar/

Y ERRIEE (ZRIEK)

FHIBEIQCEIF—%A v T/ VB LE LT,
AEAM cBEP # N IR (KRIR PR PP B I e R ) B B
HIEF : 2020411 H 17 H (k) 14:00~

WA AT A *Zoom ZAFEH L CHEE

2A NV VA AR 2IRITTE DY ER

77 ANZZ b http//gle.jp/2020/11/11/18thglcseminar/

Y A B HER)

FIOEQLCEIT—2F A VBB LELL,
AN A2 #F KX (NTT Research Inc. Phi laboratory)

HEF 02020412 H 23 0 (K)  15:30~ Zoom (T THRfE
P« RIEKRF OKF ¥ v 73 R)

ZA "V AR Y M AT K DIEHIRA & Floquet L — % —
77 A NZ 7 b httpi//gle.jp/2020/11/30/19thgleseminar/
Y ERRIET (R3O

XEIOTSLOBESN

WIEPECIE, HPERIIE v 77 56 LT, (1) MNRESRE., 2) K7 a7 J A, (3) BT
BEphE . EBISEISR T 77 A8 LT, (1) EEESERAMS LOSHR, Q) WAMFEE T - HRe
FHHER. Q) VURTY T LARE, MIRIEHE e ST 0L LT, (1) RS, 2)QLC BT
—. 3) HLFEMFSEER., REDOIHET 0 ST A EERLTWET,

SROFPE
[Co13E] BFRADOEBMAICKESET D 1ADOBEMERLZFRELET,

B TR (BEUER ZNEFEE) OFMEIRIIE CO1 BETIE, B ORISR 25 140
B2 HE L E T,
7'a Y=y MIERINZED MLA TWIZ T2 208 FAFFEE > b ORI 72055 2 IRz LE T,
ZHE TORBRITIFEWER A,
(HP #8#5%) http://qle.ip/2020/12/08/c01recruitment202012/

International Conference on Quantum Liquid Crystals 2021 (QLC2021)% 3> T 1 VB L %
o
HI : 202145 H 11 H~13 H
H A DAY 2—)b : httpi//gle.jp/wp-content/uploads/2020/11/QLC2021-schedule.pdf
(HP #8ifi%t)  http:/qlc.jp/2020/11/26/q1c2021/

29


http://qlc.jp/2020/11/09/17thqlcseminar/
http://qlc.jp/2020/11/11/18thqlcseminar/
http://qlc.jp/2020/11/30/19thqlcseminar/
http://qlc.jp/2020/12/08/c01recruitment202012/
http://qlc.jp/wp-content/uploads/2020/11/QLC2021-schedule.pdf
http://qlc.jp/2020/11/26/qlc2021/

(B i) =2 —A L% — Vol4 (2021 4E 1 )
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FEEIIFES - I 13T _XTAH U TA VS 2D ERICEEZEDLE TEn T 5HSIIb 0 £8
ATLIER, K=a—ALZ =0 EHROMTEESHOFHRBE. WEO—B) & Riudszn T,

AR TR R ICH D AR5 BHERICHES S > TOET, WERICEERR#IM T, %
< ORRIMTONE LTz, K vols THEONEERNT 5 TETT,

B a— A L X —fRER TN (RO R« KBROKF) kensuke@phys.s.u-tokyo.ac.jp
K I EE(PERSAIF) h-eisaki@aist.go.jp
[ s = (R K PERFF) okazaki@jissp.u-tokyo.ac.jp
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