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Study on ruthenate superconductors using epitaxy techniques
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Purposes of this study are to realize ruthenium oxide superconductors by
epitaxy technique and to elucidate their superconducting states using thin films and junctions. We
have succeeded in growing Sr2Ru04 superconducting thin films with a transition temperature exceeding

1.2K, and have discussed possible superconducting symmetries which can be realized in
two-dimensional limit by precisely measuring the upper critical magnetic field. We have also
succeeded in preparing Sr2Ru04-Sr2Ru04 Josephson junctions, and have clarified that the magnetic
field dependence of the Josephson critical current maintains time-reversal symmetry. Furthermore, by

growing high-quality Ru02 single crystal thin films on various substrates and controlling epitaxial

strain from the substrates, we have succeeded in realizing superconductivity at 1.7 K in Ru02.
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1. WFZEBRAR S W) D 5

VT = LA StRuOs 1 X, $il% & E 22 WHE{RER E LT 1994 TR I, HTETA
U=, PTHAA T p i (petipy) OXFEZ O EE R B, FHRRIZERT D
TET2e WA TV p BIRERIET, = Y- BT v 7 X Z~va T TR T2 b O bR 20
VBRERIETH Y, MR U HNVETHE~OICH LIRS T& 7z, —F, @iRBEig
b & 1T PRI, StRuOs (TS IV ERL ) D CHE L < | HRBIRE O - FH-CB 8 #ik
DA ZED D L CIREMRERZR- L&y ate 7YV ES XY VT R—7 -4 %
VXNEREDT I =y IRT AT T, THETO 20 FHICE L FRICEWN TR Hnbh
TZ7ehoTl,

2. WHEOBE®Y

WFFERERE L, A O 0 TR X 2 —HITOBIZ LV | SnRuOs B {RE IR D%
EVERUZRETH L (M. Uchida et al., APL Materials 5, 106108 (2017)) . Y a7 Y L #A8%I1L LD &
T LG ORI X X 2 v VELFEOEMEN 1237 A =2 ORI L5 VT =0 AR
(L EBASEAR DA TR ~DBE & B o, AFSECIE, =B ¥ % 0 —HAIfIC X 0 #16 THIRRIC
72 % StRuO4 JEEREACHELL DL T = 7 A LBIEROERL 2 s BBIRE D EH & A
= A LOAE B L e DT,

3. WO Ik

SrRuOs DIBRE I TEBIRE IR (Te~1.5K) DMEL | D2 ARHlid K ORI KEBUK Td 5
728 BRSO ERY IR D THEL W, @S BB ERIC A < T B X R — T, W
DICEMED Ru 7 7 v 7 A% HE L TR TE D20 DBRFEORE RIFETH - 7o, W ERE
X, EFHRE—LMBEFH LB S FHRe B2 X — ROV TEEDILD L &k
WEEAT OERE A | IR THID T SnRuOBIEEIR DL EERIC T LT, AFETIX, 2
OEA 2 AL T, (DEBREIRIEDF v U 70 & HEER, Q=2 oy VShasd7
HARE T O /RS L SERIREE ORI, Q)YETHL T = 7 AR LA TERE D & VR & B S8 b,
D= H DO EHED T,

4. WFFERCR

AR LD, e e X %o —ikE VT2 SnRuOs OFEFERIZ OV T, ERBIEE N
T.=12 K ## 2 2 BRBEEROERIC I TE 2 L 910 o7e, 2 OBSEHIRED RS
B D FALARGFIEEEEICHE Lz & 25, T ORSEREN R I 7 1 A A — N— DRI )L
BELTWDZ LRSI, EHIT, c o BBV 7 & i U TRV e R
R — 5T ab N A CIIARRIAGIC b SBEG SRS 2 S D IR D BV x5 7,
ZOFRIF, AV ZEEOLAITIE, SnRuOs T ab HWNFIZ ST U U X v MBTEE
LTWHZEEZEWRLTWD, T7bb, #ERIC X 222 MBS FREOIIZ L2 A3 > Td
7 RIVDFNED SV T D ¢ WG ab N~ EZEL L TV D ATREED I S8 o 7
(M. Uchida et al., Phys. Rev. B 99, 161111(R) (2019)),



Flo. ZOWBBIREN T. = 1.2 K 282 2 @ E RIS L —F—#ilin L4592 & T9iE
ERMOT a7 EEEFER LTz, ZHICED | LRBEBKIEIZH B LA — "= TR
BEPEONT, FICINETO/ VL7 B2 OG22 T SnRuOs & s R miEk &
DG LIRS TWER, ShRUOsEI DY a &7 VY VEESERICHIO TR Lz, YaktT7 Vv
W B R OB IRAF R IR B S e & o TR Eh S — v L e 5> TRV | LRy FEDTRJERK
1ML Ambegaokar-Baratov DR TR END s WE S HA TN p L b RRDIFAW LR LD L7
STWDZ EBH BN/ 572 (M. Uchida et al., Phys. Rev. B 101, 035107 (2020))

I, TEXX Uy VELRERAWEIRALT =0 AR EIBEROBRRIZ KT Lz, v
F AR RuO: IZIEF ARG EOBWEE TH Y | T - G - Al kR~ 72 R I F
HAEN Tz, IHITEFE, AWEIL, SOWBRFRE 2 © DRORBEMERIE NS R AR e O vt/
— FEEBOFEHME L L THLEREZED TS, HFHRTEX X —REICL > TEdhE R
RuO, BfEMEIR 2Bk & 7 o EIC/ERLL . Db o4 X vy VEBERZHIEHT 5 Z & T,
T. = 1.7 K OBRE ORI L) LT, @BIREERBIRE L& T ERELORRE RHMIC~ v E
YT H LT, BEED Ru-O fEANEL 225 2 & THBEEN I L TWD Z LB LI -
Too AFERIZ, T DX 5 REMRERGRBEMIZB N T B %2 v LELDNBIEDORIC
WD THMTHDZ L &< /RLTWD (M. Uchida et al., Phys. Rev. Lett. 125, 147001 (2020)) ,
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