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Accelerating superconductor research through automated synthesis
Wei-Sheng Wang !2, Kensei Terashima !, Yoshihiko Takano '

NIMS!, Univ. of Tsukuba?®
Email: WANG.Wei-Sheng @nims.go.jp

The integration of material informatics with computational modeling has significantly advanced the
prediction of material properties, thereby creating a growing need for experimental validation. Automation,
particularly through robotic systems, has emerged as a key solution to accelerate this validation process.
Recent innovations in robotic platforms for material synthesis span a wide range of domains, such as
liquid-phase materials[1], thin-film fabrication[2], and solid-state synthesis[3]. Although robotic systems
are highly proficient in the execution of precise, repeatable movements, ensuring consistent final products
remains a critical challenge in optimizing processes and producing materials with targeted properties.

This study presents the design and development of an automated arc-melting system (Figure 1) for
alloy synthesis and showcases its successful application in the production of superconducting samples.
The system leverages Robot Operating System 2 (ROS2), a modular and scalable framework that enables
reliable communication between its components. These components include a robotic arm, a vacuum
chamber, an arc melting furnace, and various sensors. The ROS2-based architecture(Figure 2) not only
ensures seamless integration, but also allows for future expansion and customization for a wide range of
experimental configurations.

The system can automatically weigh the materials, with the materials determined by the program settings.
After being weighed, the samples are placed in the arc furnace for automatic arc melting synthesis. To
improve product uniformity, the samples are automatically flipped during the arc melting process and then
remelted.

After the aforementioned automated steps were completed, the superconducting material was suc-
cessfully synthesized and subsequently measured using a SQUID (Superconducting Quantum Interference
Device). The measurement results, as shown in (Figure 3), confirm the successful synthesis of the material.
Future goals aim to integrate material prediction models and manufacturing optimization models to further
accelerate superconductivity research.
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Figure 3: Magnetization data under
Figure 2: The ROS2 sys- 10 Oe, for V3G e sample synthesized
tem architecture. by the automated arc-melting sys-
tem.

Figure 1: Automated arc-melting
system.
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Chaotic behavior in Josephson junction
for application of random number generator
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ISIEST RGN D I E DT DR CHR 7 A4 + 7 A ABBHII N, AAZA0FELTEY, AR
KHEE LW I EDBbhok, 220, HEREBEZRMESE2ILICk>T, 74 /A4 RHEED
WK, TbbEBEREEDEELS R TH 5 L& Z . Figl(a) I MG s R L
LA R D M R e B APt 2 7 9. 2 X ) WS EERGI O A B D B A > TR D = A
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Fig.1 TIrradiation frequency dependence of random number generation rate. (b) Attractors of nor-

malized voltage ¢ versus phase difference ¢.
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MOD i & % (Nd,Ew)NiO: B SR DAL & BT
Synthesis and reduction of the (Nd,Eu)NiO: single crystal thin film
by the MOD method
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[Z%CHk] [1] Danfeng Li et al., Nature, 572, 624—627, 2019
[2] Wenzheng Wei et al., Science Advances, 9, eadh3327, 2023
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BRBEEREBILY LasM:010+::(M = Ni, Co) DBEENTYEARIE

Physical Property Measurements of LasM3O10(M = Ni, Co) Under High Pressure
MAHE L FURK? REHXCOMD KA B2 #HHF Ml MDHEKR #X 2 O) RS 12
Bk &L FIR @R RE EWHS KA BEAS Nk B8 BT RE
NIMS?, Univ. of Tsukuba?, Doshisha Univ.3, °Hibiki Nagatal?, Hiroya Sakurai?, Yuta Ueki'?,
Kazuki Yamane!?, Ryo Matsumoto?, Kensei Terashima?, Keisuke Hirose?, Hiroto Ohtas,
Masaki Kato?, Yoshihiko Takano'
E-mail: NAGATA Hibiki@nims.go.jp

BT, LagNizO7 239 14 GPa D ES) FC Te = 80 K OB mE 2 R4 Z L s Shiz[1], D@ T D&
T, SR SIBBEEERE O BHEEOHLUMEICEVEREZED TS, LagNiO7 1F— =
AniiMiOsnai(A: AT THETCHE 72 £, MiER A JE T58) T I 415 Ruddlesden-Popper FHER{L D n = 2 DA ITFY
L. BN ICERET 5 2 D0 NiO B 2 FF2, Fox IZRTRIOFRFFIEHS BN T, n =3 DHLAITHY
L. BN FINICHERET D 320 NiO &% £ LagNisOo g9 23 32.8 GPa UL EDJE ) CHEMZE 2RI HZ L &
WA L72[2], A ElE LagNisOoss DR R EHIMH - (L FFEEHLIZ L D Teom EA B E LT, MEEEHIE L
LasNisOi0+s & BIEME DR = 3L NEREY) LasCosOwnh Gk L7, F72, FEHIXT L TEE) TEAK
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FES T COBKIEPUE IXEMAS & LA Y T o EVBAB1ZHWT, &K 125 GPa £ THlE L7-,

Fig. 1 {Z LasNisO10+5 DEE % 72[E )] F TOBEXIEPLOIBEKRIFIEE KT, LasNizO1004 Tl 20.2 GPa THf=
WAL, ZTOBRIMEE & HIZ T AR EHF L, 480GPaT36 KIZELTZ, TO®RITIEIOHME L b
W2 TR 2 W Lz, —77. LaNizOgge Tl LasNizOi00s DABIREFRTE S LV &V 32.8 GPa THERE N
FKHL, TAXEHOHEME & HI1chxic EH L, 792 GPa T 23 K 2% L7-. Fig. 2 |- LaNisO0 &
LasNizOgg9 D Tc DEJMKTFEE 75T, LasNizOio45 135 20 GPa 725 80 GPa DFIFH T, MAEEN KEWIEZ I N
LasNizO10es D Te 23\ ET 25 Z & 2R L7 [3] o LasC03010+D 8 E T FESIRPURIE DFERICHOWTITIY H
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Fig.1. Temperature dependence of the resistance of (a)LasNizO10s [3] and Fig.2. T of LasNizO10.04[4] (red filled circles), LasNizOq.90[2]
(b)LasNiz0q49[2] under various pressures. The dashed lines represent the linear (blue filled squares). The lines are guides to eye.
temperature dependence just above T, and the arrows indicate T, estimated.

[1] Hualei Sun et al.: Nature, 621, 493 (2023). [2] Hirofumi Sakakibara et al.: Phys. Rev. B. 109 144511 (2024).

[3] Hibiki Nagata et al.: J. Phys. Soc. Jpn. 93 095003 (2024). [4] BEJERR . : 55 72 Bl B ik S o VAR Y U A T17
[5] Ryo Matsumoto et al.: Rev. Sci. Instrum. 87, 076103 (2016).
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Ruddlesden—Popper EERYE SriNi,05C 1, D ¥t 5F 4

Characterization of new Ruddlesden-Popper type compound SrzNi,OsCl;

PHEE L JIKEK2 CONIWLE ML 2 0K &, FIB @R #34 Bt 5F |RE 2
NIMS?, Univ. of Tsukuba?, °Kazuki Yamane® 2, Ryo Matsumoto!, Kensei Terashima?,
Hiroya Sakurai?, Yoshihiko Takano® 2
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U4, Ruddlesden-Popper (RP) Bl kE LasNiO7 23 &) E /1 FIZHR W T T = 80 K O @i RE
ERTZENFEREN, HEEEEDTOD[], ZOMIEBEENEHT D EERLMIFHENT
TRYT S D LasNizO7 23 ESJ N TIES dbRo~ EEHIRE T2 2 L & B2 b TV 52, ©
ZCHIAE BIEEE S T CIE D A & FF OB RP B SraNi2OsCl, % BLERAUIC H21E L[3], Fe~
NEBRENZHIO TER LT2[4,5), AGHE T, SR BEMPE SrsNiOsCl, D#IHEIZ DU CREM
(AT 2,

SraNi20sClz D Hififi ek H 3 10 GPa 1400 C, ZiffidhalkHE 10 GPa 1200 ‘CTZN LA/ LT,
BRUIEPT (R) OIRE (T) RAFMEIE. Fig.l (283 X 5 ITEEBA L 72 B — o0 HLAE Sl sk 2 A 2 S A
MTENTZA YT RT e AVEERVICEAT D Z & THIE LZ[6], BLik., Lk Rk
TOT DR AN 2 T T D, BALECHEGEIZ AT CTHAEZ BHIEL T\ 5,

Fig.2 (ZkE % 722 £ /) FITEBI1T 5 SrsNix0sCl, D R-T Fith A /14, K&E & RIFEE ORKIKES (0.2
GPa) T? R-T H#RIFMEIR THEo N A L7z, RIRIETO RIFFIRO 3MHBRETH Y | &R
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Fig.1 SEM image of Sr3Ni>OsCl,. Fig.2 R-T of the sample at each pressure.
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[1] H. Sun et al., Nature 621, 493 (2023). [2] H. Sakakibara et al., Physical Review B 109, 144511 (2024).
[3] M. Ochi et al., arXiv:2409.06935 (2024). [4] K. Yamane et al., arXiv:2412.09093 (2024).

[6] % 85 [HIRkZ s Bl s Hrlk 17a-C31-1 [LIARFOfS

[6] R. Matsumoto et al., Review of Scientific Instruments 87, 076103 (2016).
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High pressure synthesis and resistance measurement of Sr2NiO2Cl2
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NIMS!, Univ. of Tsukuba?, °Shunsuke Oka', Kazuki Yamane'?, Hibiki Nagata'?, Yuta Ueki'?,
Hiroya Sakurai', Ryo Matsumoto', Kensei Terashima', Yoshihiko Takano'?
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2023 FICHRE I N = v 7 A RHEEMR LasNLO; I8 HHIRE 7.=80 Kcdh v . HER{LY
Fy KFEMWRICH . WEEROREE L2 T2 FomimBRERTH 2, MAT, =y 7Lk
FEIER SRR LR D CuO, HICHIS T 5 NiOHiZF>o 2 L 2 bEAZED TH Y, NiO, i & Ff
DOYVE DBIRELERIHEA TV B, [FLE 2023 FiC i3, FA PR IRIGE % £52 LaNisOqp O #RE
EFRE LB S LasNi,Or & LaNizOp 2, TR ZFN 2 @B X O3 EIcfEE L 72 NiO, | % £52,
—77. 1 @D NiO, [fi % £§ 2 Sr:NiO,Cly(Fig. 1) Td . &E T COBRERHAATH T h T BB, i
EAYVE & EERINICERR L, mE T CEXURTUINE 2 T Wil 8o 2 i~ 72,

Fa—bEy /T VYEAEEEELZH VT, 3 GPa OEET CElLEEARK 2T 72, BHAK %G
27-01C, AEIRE % 900~1400 CE O X TR ER L=, Bon-akl%. @iz
BHIM T L7224 ¥ EY FT7 v e A (DAC) BEREEYWICH AT 2 Z & T, BE FEQBEYHIE %2
1To72,

BB O BR X #REHT (XRD) ¥ % — v % Fig. 2 1234, HIHTH % SuNiO,Cl, oy 3 2L —3
a v DA S, 1000 'CTi D FHIIKE VR 2572, ZWmEIc X 2 E5EPIEE XY
StNiOCly IZHETH 72 < &b 100 MO ED#ikikTH 2 2 & 239302 7o BHREAL 2 HIFF L T
NS 3 &, BLXIESULROMER %2R L 7= (Fig. 3), EITMHEOMALEEIC L 2 &, =y 7 ridE
AV VREETH 5 — 0 BURE % M L 72 BERAFIE C IR R v v R Z R & L < 2B FEJTE
ICE D ERR e VIR~ DI B FF I N2 720, SRIZEZZHEN T COME L, JTTHEREIRIC K S
A D ol l & HiE 9
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Fig.1 Crystal structure of Fig.2 XRD results of synthesized samples Fig.3 Pressure-dependent electrical
Sr2NiO2Clz and simulated pattern of target phase resistance of Sra2NiO2Clz at room
[1] H. Sun, et al. Nature 621, 493-498 (2023). temperature
[2] H. Nagata, et al. J. Phys. Soc. Jpn. 93, 095003 (2024). [4] R. Matsumoto, et al. Rev. Sci. Instrum. 87, 076103 (2016).
[3] N. Kitamine, er al. arXiv:2308.12750. (2023). [5] R. Smyth, er al Solid State Sciences. 144, 107293 (2023).
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Ag TREBHRIZL D IR T 4 v NERIEEY DY
% Evaluation of Physical Properties in Misfit Compounds with Ag Element Substitution
2 BAET, “MOGE Fzsh, NI B CORE B,
o BE R KRS
CST Nihon Univ., °(M1C)Ryonosuke Nakata, Rumi Uchino, °(DC)Shogo Kuwahara,

Tadataka Watanabe, Satoshi Demura

E-mail: csry24021@g.nihon-u.ac.jp

SAT 4 v NERIEEY [(MX)1+s]n(TX2)m (M : Pb, Bi, Sn, rare earth, T: &4 )8, X : S, Se) i
FEE b OMXENEEEEEE LD TXREMER T 7 o T AT — VAN X R RICHEE LT
TS EZ b OWE CTH D, ZOWERO IS EEE R L, ZoEEnmEHETLZ LT
RURERREIRE (T BT 5, (BiSe)rwo(NbSe)miE m = 1 DK, T 13K 2.7 K TH O | N
b sl T S EESEE ARG (uoHe) DR H H[1], F7o. NbSe, UKD T3 7 K TH Y
(BiSe)1.10(NbSe)m D Te & Ll 5 & T 3R\ 2, S B2 5 EBIRE DN LRt 5,

AWFFETIE, TTEBEHIZL D NbSe, B~DFR—1LF v U T R—=712K 0 T Ol 27,
HARRIIZ 1T, (BiSe)1.10(NDSe2)m D Bi 1 hZ Ag % &t L 7= (Bir«Ag«Se)(NbSez)m O HifE i ikl & &
B L & ORISR EDEAL 2 A LTz, BRI A TN CTORE/ME 7 7 v 7 ABETER LT,
ZORER, I AT 4 v MERILEWHROFRIRERR 2 FF>, 0.5~1.5mm 4 OGS TR KD L
oo FTz, Ag DEHLE (Xag) L TV &L Xag =035, m OEEO e 555 m A5
BNDHZELFT-IThhoT-, HEENRLE (M=1) Txag=03 DEITIE., TAF6K &) Lk
L7, BRIBPIROBIGHKAMERNE TIX, HNOEFMICEGERH Y, W& b0 R %
R DMEAZR L, BAH & el U TGS ISR L THR< 72 5 2 & 03 iERd S Au7z (Fig 1.),

A Tl (BiSe)110(NbSez)m DEIERE R D Ag BT K 5 BIER OB LA Eim T Do

(Bi1.xAg,Se)(NbSe,) , =03,r=0 1//b, 1= 1000 pA
25 )
Fitting analysis

—— Hlla Hila

—Hllb H /b

20 —Hllc Hilc

- - (BiSe)(NbSe,)_H// b
— - (BiSe)(NbSe,)_H// a,

He,/H,
T

T/T,
Fig 1. Temperature dependence of H, of (Bii.xAgxSe)(NbSez)m, (Xag = 0.3)

[1] S. Matsuzawa et al., J. Phys. Conf. Ser. 2545 012002 (2023).
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Superconducting and Thermoelectric Properties of La(O,F)(Bi,Pb)S:
| BRELL AN OVOS@ BA A ER, R UE W 6
e WA 22 $H BR2 5% 822 Bl B HE 8%

CST., Nihon Univ. !, NIMS?, °M1C)Yopta Miwa!, Rena Muramatsu?, Shogo Kuwahara?,

Kazuki Yamane?, Ryo Matsumoto?, Kensei Terashima?, Yoshihiko Takano?, Tadataka Watanabe!
and Satoshi Demurat

E-mail: demura.satoshi@nihon-u.ac.jp

BiS: R1tA ) LaOBiS XM IG/E TH 2 1 Hd LaO Jg &  AREE ThH D 2 KD BiS: @ 3% A.
RS LA A L TR, O NAFAMICF CERTL2ZLICKVE LY Y 70
BiS; JEIZ R—7"Z 1l 3 K CHZEIEE 2 /"7 [1], T4, Bi 1 N Z#%? Pb TEHRT L &
R BRERBIEEIIS K £ TERT 2 2 e snz[2], 2O, BXRESIEORERT
PEICBWTRERIRD HOABII S TE Y . SOl OREHCHAR X BRIFHTRIE ORE RS Z D5
HIME D BOIHRIE T AEENHE L Z LIRS DO TH D E D> TWBI3L Ll
SRR N E O X 2 AtE0 b &5 S 2 L, B8k L THRELZ 52 T A 1iTbi-o
TRV, £ THx i, Pb EHLL 72 BiS: RILEY La(O,F)(Bi,Pb)S, DEN - T ik ek 2
AE L, MRS S S ERICE 2 DB ARE LT,

Pb [E#ifE x=0.08 7> 5 x=0.12 (2T THEEFERR & A HEL L7223, BI{REEER 1T x=0.18
TR L7z (Fig. 1(@). £/, x=0.18 [/ TEIEIZHB T 2B — v 7 REBUIAD T EIZHIN L
TleOB X VTR L, BYREENMET LTV D OR MmN OENAREIML TnWs Z &
Wb (Fig. 1), (€). L7ZA> T, Fv U 7 ESCHEEOINNBIREICEEL 52 T D L
BIND, ME T, PhEHEICHT 2WMOZEE LV FEMICERT 5 TETH D,

@ (b) — oo ©

-10
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Fig. 1 Temperature dependence of the (a) electrical resistivity, (b) Seebeck coefficient and (c) thermal
conductivity for LaOo.4Fo.6Bi1xPbxS2. The colored points indicate structural phase transition.

[1] Y. Mizuguchi et al, J. Phys. Soc. Jpn. 81, 114725 (2012).

[2] S. Otsuki et al, Solid. State. Commun. 270, 17-21 (2018).

[3] S. Okada et al, J. Phys. Soc. Jpn. 93, 064701 (2024).
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BMNENEFZAWN LT =Y LARAERIEY RuEu-1212 DERK

Synthesis of Ruthenocuprate RuEu-1212 under Several Oxygen Pressures
FREXLLOHE HX', /\& L', AL RE'
Utsunomiya Univ.!, ©Takumi Fujino', Kazuhiro Yamaki', Akinobu Irie'

E-mail: mc246811@s.utsunomiya-u.ac.jp

Fox D7 N—T TlIMEM: L BB O IAE~DORLN D, BN T TR D B/ A m:
ZHEAL, VT =7 LR {EY (RuRE-1212, RE (375 H4H) HiERO AR E Z OFHEIC
B0 A TE Iz, AFRETIE CuO, mHOATHICER L, Gd ITHARE— AL O/
S\ Eu 25T RuBu-1212 DA EED TS, filbd% Bu L9562 LT, ZOROEME
ZHH 9 Ru DBALIZOWT X0 FEM 723N 175 TE 5. Buld Gd IZH~A A L RN R E
<, RuEu-1212 O HAERERIZREETH 528, ZHETICY U o=y MR 2 F W55
WREEIC LD, 80 pm KO EuSrRuCuOss (RuEu-1212) HFESAAME SN TWH[1]. 20
WEIZZAERRAE OS5, K30K THEELZRTZENALNATNDHDD, i LIEH
fhdn A EH BRI A R S o 7o, b EH 2 IV 72 RuGd-1212 TiE, SESGHKT
T conset = 73 K ORBIREHSEIRE LA DR SILTWDH[2]. & 2 CTARIFZETIX, H0imhis
2, BEIEOHEIE IR 5325 2 & T, X0 mEAED & <, B SRLO KX 72 RuEu-
1212 SABtOE Rz WIfF U, BERRFRE], EJMEZME L7,

118, AW CHE 3 SE FOLETAK L "N sk

c-onset

RuEu-1212 Z#EmalEtORPURERECH 5. IR
DAL PRV RGUE ISR 2 5 D0, 100
K CLF CIRPUEIZEERNIC B, 0% 309K T
BIRTARPLOWD 28 L=, 2 ORE OB EL
FptE % X 1 AN RT3 4.2 K CHREEDE, 3.5 mA
2B L7, SEM IZ K D2 REBEDORENG, ZD
FUBHE 132 20 pm KON e SR A2 HZ A THND 2
ERFERTE 2. 6o C, HAEAhI A & e ksl
T RuEu-1212 5% & L THIO TE r KHTOMERIT )
U7z, BERESRRIA 20 um K /NS <, HETGIR &5 Figl. .Tempera.lture dependence of
) ) o . normalized resistance and (Inset) I-V
ERRAEH R TNDRAREDRETHD. BUE, H characteristics of a RuEu-1212
FEAh O KU 72 & ONTBAZEME DR BL O NLIZ A 1S polycrystalline sample prepared by
7= BERR SR DR A D TN D partial melting at 3 atm oxygen.

R(T)/ R (300 K)

0 00 300 300
T[K]

[1] K.Yamaki , N.Kitagawa, T.Mochiku, Y.Matsuhita, S.Funahashi, A.Irie, J. Supercond. Nov. Magn. 34,2207-2215 (2021).

[2] P. W. Klamut, B. Dabrowski, S. Kolesnik, M. Maxwell, J. Mais, Phys. Rev. B 63 2245 (2001).
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MODEIC K Y F B R EATOEESZMA L = BSCCO DEIZEFHE
Superconducting Properties of BSCCO
Forming Heterojunctions with Semiconductors by MOD Method
MUEE! OLHE FE!, E5 EAL #8 FH, H XF!
NIT, Oyama College !, °Yasuyuki Yamada!, Masato Nobushima?, Shu lkura!, Hiromu Kasai'

E-mail: yyamada@oyama-ct.ac.jp

Bi2Sr.CaCu20s:5 (BSCCO) 1%, AL a7 YV U HAICERT A2 a 7V o 75 X~E— K (P
ET—FR) ZRL, TNEHWET T IVYTAL ZARBETE Y hOEANPBFIN TS, Gk
D JP E— RO FIEIL, ERERICE 23 ¥ U 7 EAC L D[]S, 7 7~V ERHEIC X
DINEE[2TH D03, ¥ o — VBN PE S BVEBLORIERC, 22 fFRE O REN & 5 . ABFJETIE
P E— NOFHEE HEE U TAMEEROERIMRIC L 2t 22K T 5. ZOHIETIE
BSCCO, - {k~T m#4X° BSCCO,pn #& 2 ERL L, Sl /bR % FIH LT BSCCO (2 v*\*
¥ U THEAZITY. ZIUZ LY BETOEhE7e P £ — RS rlEeic /e 5 L HifF &S 5.

IIVETIE, EEERYELE L CHMEES R (MOD) EZERA L, BSCCO/ HalRA~T a A
DVERLZAT > T X 72[3-5]. MOD {EIIMEI DO ZERMEITE A, MERORBHEHEN AIRECTH 5. K
HEEA~D F— R0 MMV ES THD. L L, ZEEEEREOBUILIIC LS TE~DOF 2L
BELE70 v A REACPERETH LS. p MHERIZOWTIE, BSCCO, Cu0 #EEZERHL, B
A — v Ikl 7% = & ZRER L TWH[3,5]. n BMHEKIZ-OWTIE, BSCCO,ZnO #4
ZVERLL, ZnO JE O mRH I X 0 B D@ 1V BEITE S o - b D, BSCCO gD
%&W%%ﬁfﬁ%if@@ﬁ%ﬁ%ﬁﬁ%u‘:. oL, ez eifbukiBiEEmk ang, znic
£ % BSCCO O=E MM O FREM N R Sz (K1) [4,5]. % 2T, AW TIE MOD kI
XV EK (CuO, Zn0) L DO~TuiEi %k L7- BSCCO DR RERME:DIERLEAT: & DFHRY

WZDWTHREEEAT 9. o
BSCCO, CuO, ZnO DO EMEDO AR IE, 4 4 80 |
(R M EE AL I FE TR O JFUBHA R SK-BSCCO008, _ 70|
Cu-03A, Zn-05 %A /. FEFAMEMICIE, ¥4 X S0t
10X 10X 0.5 mm @ SrTiOs (100)3:4k 2 FV 7o I €01
DALY a— M, = 7oA e 3 — % |
4% — (ASC-300) # M\ 7. BMLELZ(WMR)T > v = 0 |
Fp~ - 7 )UFE (KDF-P70) 12X W iT-7z. 2 10 |
WCREIOMEE 27597, 18 H  BSCCO %% {Efl 0 R
L, 2 JBH & LCA SRR IER 1T - R S

= 2 JaH ODEH{*{&/%%O)ET LEAYT AT T Figure 1. Resistance-temperature characteristics of
— 72 W TGN RS DR 2 — = 7 & AT BSCCO layer. Superconducting transition of the
7. 1 BB ® BSCCO 2T L T\ 2 fEk 2 E first layer confirmed above liquid nitrogen
BEOE L, VERIGE b B L oM % S ;eOTEEL?ZL:ILea a%c])mpletely zero-resistance state was
T5. ZHHOFEMICOWTIE, HEICTHRET o Conductor |

%) ?’}HE_’VC\% %) . semiconductor ayer

BE W

[1] L. Ozyuzer et al., Science 318, 1291 (2007)

[2] Singley et al. Phys. Rev. B 69, 092512 (2004)

[3] LM fih, 2023 4F 55 84 [lis B KT FINGRIH 2,
20a-C401-3

[4] LM fih, 2024 4F 55 85 [Hlii B A KT PN 2%, A
16p-P07-19 substrate
[5] Y. Yamada et al., The 37th International Symposium on
Superconductivity, EDP2-12 (2024)

electrode

Figure 2. Schematic diagram of
BSCCO/Semiconductor junction.
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—BEERE TR IZ & B BizSr2CaCuOs R D
B v v T2 1T 5 B RE FRE 0§
Evaluation of time-reversal symmetry in pseudogap of Bi,Sr,CaCu,0s.s single crystals
using generalized-high accuracy universal polarimeter

RXEI' BXEoh#E:’ REXEH’
OB EE A, Fav ar!, M)EHEH EF', ) KK il £42
BH £&° ¥R &
Faculty of Adv. Sci. & Eng., Waseda Univ.!, Comprehensive Research Organization, Waseda Univ.2,
Institute for Materials Research, Tohoku Univ.?
°(B) Komei Okano', Kun Zhang!, (M2) Keigo Tokita', Kenta Nakagawa?, Takuya Nakanishi?,
Masaki Fujita®, Toru Asahi'-2

E-mail: tasahi@waseda.jp

i R 8 R % T 5 72 0 I LY Ei B R B IIE I e M Th T B
D3, T DFREBIEMEMRIHICIZE > Twle v, FIE(EY SR8 AL, BCS BlERIC X - CTHBIE
WBMBIHIN TV R IECRABREARE B ) FiF v v 7L PEN 2 75k v MG % FF
O, HEX ¥ v Lk, WERICEWTHIN I ALVF —F vy T2 FOMETH ) BI5Y
RFRRIE Te LHEF v v I~ RAT 2 IE TOMOFEDREMHK Tc < T< T TR X
nall, Zofi¥ vy 7oRFICO VT, FREOMTHMRE ML Ty, 2L T, &
e CIFFICHEY v v T OO —> TH 2 HEB IR &2 BGEE L 7212, & OFHEER G T I,
WX vy 7BEERE L FiA T 27 AT, BURER) 2Ffo ML 7zMHTh h >
S0 R ORI RO ZKE L T 5,

— MR ERG R T RERESERT (G-HAUP) 13U/ 7 Rtz % & BIICRHIi 32 © & T, HFW
2% (LB, LD) ichnx <, JEFICT 7 FaAr/hwAERES (CB). M-t (CD) ofF
WRRIE DS FIRE T 5 40, Fhx id, MR IRGER & MEE S 2 72010, (KIRIMETAIRE & G-HAUP %
Wr7- \CBAFE - SR L . SRE(LY) EnR B mEAR BioSr.CaCusOs. 5 (Bi2212) DX ¥ v 7ick
\F 2 R R PR O R % . R - JEFHKR A7 CB - CDUW Y ZMIET 2 2 Lic kb, FF
fliL7zo ARBFFE TR, Hi7z ICHESE L 7= G-HAUP o Il5E 53 RHE % E B AICAHIl L. & L
7ot - FEMHREY7: CB - CD & R B PR DAL DA % iE BN Bl 2 D EHE L
DT, WET 5,

AWFFEIE. AT EMHREVE (HW LG &) TAATFZeBh O AL R & Ic 351 5 3t
FIfFgE GREZS : 202303-RDKYA-0089, 202312-RDKYA-0034) DB F. FEit X L7z,
2 Sk
[1] T. Timusk et al., Rep. Prog. Phys., 62, 61 (1999).[2] A. Kaminski et al., Nature, 416, 610
(2002).[3] C. M. Varma, Phys. Rev. B, 55, 14554 (1997).[4] J. Kobayashi et al, Phys. Rev. B,

53, 11784 (1996).[5] M. Tanaka et al.,, J. Phys. D, 45, 175303 (2012).[6] A. Kapitulnik, et

al., New. J. Phys., 11, 055060 (2009).
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Fabrication of DyBa;Cu30, green compacts by a colloidal process
TRELEWMTFER-T, 29 EE
BILEAAN ", RIEARERT, AFREF, EHEZ? $HARZE? TEER2 EHE
TKyoto Univ. Adv. Sci., 2NIMS
F. Fukuyama', S. Adachi', F. Kimura', N. Hirota?, T. Suzuki?, T. Uchikoshi? and S. Horii'
E-mail: 2024mm18@Xkuas.ac.jp

1. Introduction

To achieve the high critical current density of
REBa,Cu3O, (RE123) superconductors (SCs) for
practical use, bi- or tri-axial grain alignment is
essential. Our group focuses on the magnetic
alignment technique to improve critical current by
fabricating the thick RE123 films (> 100 pm’) with
biaxial microstructures. Biaxial alignment of RE123
grains with twinned microstructure has been achieved
under the modulated rotating magnetic field of
solenoidal SC magnet (SC-MRF) in an epoxy resin [1,
2]. Recently, our group developed the linear drive
type MRF (LDT-MRF) equipment[3], and aim at
development of the biaxial aligned RE123 ceramics
by the colloidal process and LDT-MRF. In the
previous JSAP meeting, we reported viscosity
dependence of biaxial orientation degrees in (Y.
«Dyx)123 using two different types of epoxy resins
with  ~500 mPa-*s of initial viscosity[4].
Requirements of a colloidal solution having the
appropriate viscosity with considering magnetic
alignment time, which is depending on magnetic
anisotropy, was strongly suggested for fabrication of
the biaxial aligned ceramics. In this study, we tried
to prepare Dyl123 colloidal solutions with various
initial viscosities.
2. Experimental

Dy123 (y ~ 7) polycrystals were synthesized by the
standard solid-state reaction and oxygen annealed.
Incidentally, averaged particle size is ~ 0.5 um.
Dispersant (polyethyleneimine, 1 wt%, PEI) mixed
with the solvent (ethanol and/or butanol). Then, the
binder (Hydroxypropyl Cellulose H type, HPC-H)
was added in 0 - 2 wt% to the PEI mixtures. Fined
Dy123 powders with 5 — 15 vol% as dispersoid was
mixed with HPC-H mixtures. Prepared Dyl23
colloidal solutions were dried in a mold under
ambient pressure. Viscosities of HPC-H mixtures and
Dyl123 colloidal solutions were measured by the
rheometer.
3. Results and Discussion

Fig. 1 shows the relationships between the amount
of HPC-H and the viscosities of HPC-H mixtures
with ethanol or butanol. Viscosities of the two
different HPC-H mixtures were increased
exponentially with the increases in HPC-H

concentration in common. When the HPC-H
concentration is 1.4 wt%, the HPC-H mixture showed
500 mPa-s as the initial viscosity. This viscosity is
almost equivalent to that of the epoxy resin we used
in the previous work[4].

Prepared Dy123 colloidal solution (Dy123: 5 vol%,
HPC-H: 1.4 wt%, PEIL: 1 wt%) with 500 mPa-s was
dried in the mold under ambient pressure. We
successfully fabricated a green compact of Dy123
with 10 mm x 10 mm x 200 um' in size.

In this study, we will report details of the fabrication
process of (Yi..Dy.)123 colloidal solution and the
microstructures of dried/sintered (Y ..Dy,)123 thick
films.

References

[1] S. Horii et al., SuST 29 (2016) 125007.

[21 W.B. Ali et al., J. Appl. Phys. 134 (2023) 163901.

[3] S. Horii et al., J. Ceram. Soc. Jpn. 126 (2018) 885.

[4] F. Fukuyama et al., JSAP2024, Spring Meeting, 24p-12P-7
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Fig. 1 The relationships between the amount of HPC-H
and the viscosities of the HPC-H mixtures using ethanol
or butanol as solvent.
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Study of magnetic alignment in REBa2CusOy through sample-transport-based
modulated rotating magnetic field application (11)
R#emFIEX - T ORI X, K 2F EH &
Kyoto Univ. Adv. Sci (KUAS): °Shintaro Adachi, Fumiko Kimura, and Shigeru Horii
E-mail: adachi.shintaro@kuas.ac.jp

To achieve high critical current densities (Jc) in
both self-field and in-field conditions for high-T,
cuprate  superconductors  like  REBa>CuzOy
(RE123), it is essential to densify and orient large
number of grains. Our research is focused on
magnetic alignment methods to achieve biaxial
grain orientation of RE123, aiming to enhance the
practical  application of RE123 as a
superconducting wire. Since magnetic alignment
does not need highly oriented templates and works
at room temperature, it is useful for the
enhancement of performance of functional
anisotropic materials. These characteristics of
magnetic alignment create new opportunities for
fabricating thicker films of RE123, a goal that is
challenging to achieve using epitaxial technology.

In the magnetic alignment method, the
expectation is that the easy and hard axes align
perpendicular to the static magnetic field and the
modulated rotating magnetic field, respectively.
When the grain shape is agproxmately spherical,
the following formula can be used to_estimate the
required magnetic alignment time rl[l]: Tl = B2/
6nuo, Where ya is the dimensionless difference
between the magnetic susceptibility along the easy
axis and that perpendicular to the easy axis, B is
the magnetic flux density, is the medium
viscosity, and w0 is the vacuum permeability. In the
past, biaxial magnetic alignment of several RE123s
required a superconducting magnet [2]. Recently,
our group developed an original equipment that
can generate a linear drive type of modulated
rotating magnetic fields (LDT-MRF) using the
permanent magnet arrays [3]. This magnetic
alignment equipment is compact and has low
(capital investment and operational) costs. Up to
now, this LDT-MRF equipment had achieved a
static r_nagnetlc field of 0.9 T and a rotating
magnetic field of 0.8 T. Furthermore, by expanding
the width of magnet arrays perpendicular to the
LDT direction, we have succeeded in suppressing
the tilt of the sample grains in the direction of the
hard magnetization axis, thereb achlevmg the
high degrees of orientation of each grain [4-5]. To
date, such research has been carried out using
batch processes, but the application of this
magnetic  alignment technology requires a

Linear driving
motion

continuous process.

The concept of our magnetic alignment
technique is illustrated in Figure 1. As shown on
the left of FIG. 1, the sample (in this case,
orthorhombic Dy123 grains) initially shows a
random orientation, which is then magnetically
aligned in bi- or tri-axial through the central
LDT-MRF region. The goal of this study is to
continuously extract the sample in the state shown
on the right of FIG. 1. At the JSAP Autumn
meeting 2024, we demonstrated that the Dy123 (y
~ 7) grains of high-T. cuprate superconductors can
be continuously magnetically aligned using an
LDT-MRF  equipment with sample-transport
system ES]. However, as su%%ested in our report for
the JSAP Autumn meeting 2024, one of the current
challenges is that the first easy magnetization axis
of the Dy123 (y ~ 7) %rams_follow the direction of
the leakage magnetic flux lines when sample exits
the LDT-MRF equipment. To maximize the Jc of
Dy123 (y ~ 7), it is necessary to achieve the state

of the linear transport direction // a-axis (or b-axis).

However, there is a clear lack of understanding
regarding the alignment of the magnetic flux lines
in the target direction (in the case shown in FIG. 1,
X /I a-axis, Y /[ b-axis, Z // c-axis) through the
linear sample-transport system (along the X
direction in FIG. 1). Therefore, we will collect
basic data about the degree of orientation for
Dy123 grains with epoxy resin, when the samples
are magnetically aligned at various transport
speeds using the present magnet array and the
sample-transport  system of the LDT-MRF
equipment. The evaluation of the magnetically
allégned Dy123 sample will be performed using the
(103) pole figure of the sample's bottom surface. In
this presentation, we will provide details of the
experimental methods and results.

References

[1] Kimura, Polym. J. 35, 823 (2003).

[2] Horii et al., SuST 29, 125007 (2016).

[3] Horii et al., J. Cer. Soc. Jpn. 126, 885 (2018).

[4] Ali et al., JAP 134, 163901 (2023).

[5] Adachi et al., JSAP Spring MTG 2024, 24p-12P-8.
[6] Adachi et al., JSAP Autumn MTG 2024, 17a-C31-10.
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FIG. 1. Concept of the magnetic alignment system through sample-transport-based modulated rotating field.
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Relationship between bi-axial orientation degrees and oscillation angle for REBa;Cu3;07 (RE=Y,
Er) powder samples aligned under oscillation type of modulated rotating magnetic fields (II)

TREEMEFERE - T, 2RKBEIRF : @EHE, TFEDH2 THES?
TKyoto Univ. Adv. Sci., 2Kyoto Univ.: °S. Horii', D. Notsu? and T. Doi?
E-mail: horii.shigeru@kuas.ac.jp

1. Introduction

REBa,Cu3z0O7 (RE123) superconductors with T, ~
90 K require formation of biaxial/triaxial grain
orientation for practical application due to the weak
link at grain boundary. Biaxial/triaxial magnetic
alignment by modulated rotating magnetic field
(MREF) is a possible candidate as a room-temperature
process. Many types of MRF have been reported and
the static field (SF) and rotating field (RF)
components are included in any type. The most typical
MRF in our group is the intermittent type MRF[1].
However, in the present study, our group focuses on
another type of MREF, the oscillation (OS) type
MRF][2]. Fig. 1 shows a schematic of the OS type
MRF and its advantages are that the OS process
includes both SF and RF components simultaneously
and these can be systematically controlled by the
oscillation angle (6). We examined the biaxial
orientation degrees of twinned RE123 (RE=Y and Er)
powder samples aligned under the OS type MRF with
controlling 6 and magnetic field (B.) and clarified the
roles of SF and RF.

2. Experimental

Oxygen-postannealed Y123 (y. >y.>y») and Er123
(x»> x> x.) polycrstals were pulverized in a agate
mortar. The powders were mixed with epoxy resin
(Araldite Standard, 7i,7=40 Pas) in a weight ratio
with powder : resin =1:10, and were cured in the OS
type MRF. The curing time is about 2 h. As shown in
Fig. 1, @ is the maximum OS angle created by the
normal direction to the o plane and the horizontal B,
direction of the superconducting solenoidal
electromagnet. In this study, rotation speed (£2) is 5
rpm and 6 is 1.8° ~ 90°. (103) pole figure
measurement is examined to determine the biaxial
orientation degree (F) of the magnetically aligned
RE123 powder samples.

a

R
s

e i

Fig. 1 Experimental configuration in oscillated rotation
magnetic fields.

3. Results and discussion

For 8<90°, the first easy, second easy and hard axes
are aligned normal to the o, 3 and y planes (see Fig.
1), respectively. Fig. 2 shows relationship between F
and @ for the magnetically aligned Y123 and Erl123
powder samples with B, = 5 T. Incidentally, due to the
different directions on the first easy axis in Y123 and
Er123, the o and y planes were used for the (103) pole
figure measurement in the Y123 and Er123 powder
samples, respectively.

The F values of Y123 showed ~10% for 6<20°,
and F was increased monotonically with € for 8>30°.
However, the F values of Er123 showed F >30% in a
whole 8 region with 1.8°< 8 <90°. Theoretically, the
increase in d means the increase in the RF component
and the decrease in the SF component. It is strongly
suggested in Fig. 2 that magnetic anisotropy of Er123
is higher than that of Y123 and the biaxial orientation
degrees of Y123 under 5T of OS-MRF were improved
by providing RF component of magnetic orientation
energy. In this presentation, the results of the F-6
curves under different B, are shown. Relationships
between F and @ will be theoretically discussed from
the viewpoints of magnetic orientation energies of SF

and RF.
80 T T
OS-MRF, 5T
60 - E
Er123 i
_ i a © o % g o
= 5 O - ®
I 40 ;n s ° °* 3
-
L ]
Y123
20 - e
L] -
0 1 1 1 L 1
0 15 30 45 60 75 90
f(deg.)

Fig. 2 6 - dependence of F' for the magnetically aligned
powder samples (Ba =5 T) of Y123 and Er123.
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Irreversibility field and critical current density
in eutectic high-entropy alloy NbScTiZr
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1. IZC®IT [T T T 107

ZHETIS, A = b rE—/RETH
HNbSCTiZr [1,2] (24 H L, BLHIE D5 R %
b CICEBRERE AT E[2, 3], DR
B, FEBMLEL Das-castil B T b [ B I D,
(T =2K) 23105A/lcm? ZH %, S5 ICEULIRIZ
FORERRESEMT D L2 MG L3
HREFIECIE, A TR Hin(T) & 3o B BRR #rt (0

) B Fig.1 (a) Irreversibility field Hix(T). (b) Magnetic

FETanf & ATHVE & FEMIC A~ T2 O THRE T 5. field dependence of Jo(H).
2. ERBIOER

NbScTizr & EHT 7 — 7 Wik TIERL L 7=
[2]. SEAbRHRRA S 2 R AR EIZ 5 2 D 2
IR D I, as-castikkt & BULEEEEE (Tan
=200°C, 300°C, 400°C, 500°C, 600°C, 800°C,
1000°C) (22T, SQUIDREHFH (MPMS3,
MPMS-XL) % H\CRéb & HIE L7z,

A ELEIR FE I 31T D AL O IR AR T
53RO 7=Hi(T)% Fig.1(a) (2787, Tan < 300°C
T DHin(T)lFas-castid Bt L U HARWDY, Tan >
400°C CIIHINN L Tan = 600°C T RfEZ /R LT-.
BRI & > THie(M DO E IR E <K EDDH 7R
W72, Hin(T) DO IREE T F I IR ET DO E
B KAFMEZ KL TV D B2 bild. R
B RO R E R T A 7201, (RIRER(T =
2K) DI DREEHATME A Fig.1(b) (TR, Il

2
NbScTizr

—e— 1000°C (b)

I e —
10t 10° 10!

Je(H) oc H® TRERTE, JeAMEV Tan = 1000°C
DB TlTa=0.65, JA3E VW Tan = 500°C DFEL
TlXa=11L720, EH55 b5 WEME 1k
OFFRIIT BT, 38U B 1k PR O i
Tl TE 5[4]. ¥ETIE, a OTw KAFMEC
MMAT, Bk IR (H) & i i
& DOV T HHET 5.

B 3R

[1] M. Krnel et al., Materials 15 (2022) 1122.

[2] J. Kitagawa et al., Mater. Today Commun., 40
(2024) 109690.

[8] EHEA fh, FE71EDS AR EY
reklEes (2024) [FEBEZE 5 : 22a-P01-9].

[4] G. Blatter et al., Rev. Mod. Phys. 66 (1994)
1125.
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FEHYA FEBLINSA T FOE—# REBCO BIZBAE DS
Development of High-Entropy-Type REBCO Superconductor
with Multiple Sites Substitution (Y, Gd, Dy, Yb)o.2sBa2..SryCuz07-5
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NA Ty hrE—G4 (HEA) &35 L EoeHESEE L
e EEF ., AP DOES O R TEERLIZK
ELFE L, B IFREORBIRRE S LT D [1], Fex
I, HEA O#E& % ELD A7 HE BUYLEMIc BT, HEfRIZ X
BENOEARNBIERE OB BICF 595 2 & 2 H#F L CHFSE
Z{ToTCW5, £/, HEA IZBW T, T DOEHRDOBEN KL
THRRIBEHIRE O[] LA SN TnD [2] Z &5 HELAW
2B T b [AIRRIC RS O 1) B &2 BIRF LT D, Fig. 1 Crystal structure of HE-type
Pz, WHRBEOBKBMAIF IR 2@BEE~ 7% v MEc (¥ Gd, Dy, Yb)osBar.SrCuz0r..
& 2 SR L B (5 AR REBa;CusOr.s D S B 72 A AR | & dth 1 FREH T kb9~ 2 BRGS0
& B L. RE VA &% LFKEE L7 HE & REBaCusO7s DR #1T> CTE T\ 5 [3-6],
AHFFETIL, 1ERD RE A4 N DOZILRBEEICIZ, Ba A MO Sr &S FIFFIZITH Z & T,
S LRDENDEANERIA Tz, NV T LR BI OB L 7V A L — W —HERE (PLD) 5%
W BRI ATV 45 DI 7 BB OB R SR A B L 72, AREE CIX, VL & R
IZBWT, EHEY A MEHUC KD HE (L ANBRERE S I RIE TSV TR D,

7| FH 3Lk

[1] M.-H. Tsai et al, Mater. Res. Lett. 2, 107 (2014).

[2]1 Q. Xu et al., Sci. Rep. 11, 608 (2021).

[3] A. Yamashita ef al., R. Soc. Open Sci. 9, 211874 (2022).

[STA. Yamashita et al., Jpn. J. Appl. Phys. 61, 050905 (2022).
[6
[7

DB OB R ORLE T (TR, FrlE: 2023-087946, HIFEH : 2023/5/29.
[)ng = b v — REBa,Cu;O7. s i iRBISER O Wi L BEREME ) (I FER, MEIORS: L
T (A0 6045 5 (2023).

]
]
]
[4] Y. Shukunami et al., Physica. C. 572, 1353623 (2020).
]
]
]
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Improvement of superconductivity in Nd123 films by oxygen-controlled KOH flux method
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[(FFFEEr ] 1Rl KOH IZIFURE & 1R h LS AL Ak
&% KOH 7 F v 7 Ajk(1%, NdBaCuz07 s
(Nd123)fi st 4 500 ~ 700°C DARIE T TR
T& %, LnL, RFEZHVREH T Nd123
A ERL L7234, Nd/Ba EHAUIZ LY T VK
IR T 950, 22 ¢, Nd/Ba @iz m
TEERFR 3 E T TR 5 Z & T Nd123 D
T E 90 K AkiC A B L7723, B nlihE 4 b
OHHD Nd123 FADNRAE L LBt 2 - LTz,
ZHIE FEHC B ENDMBEDOFEIZ LD |
RN THEB I Nd/Ba B &%y Nd123
FPER LT Z EDNFERTH D L EZ BN D,
Z ZCAMFZE T IREE ISR L CRIE 1T {mE
595 Nd123 JROfEfRZ A s L, B
MR ZI ST Z L1C XD Nd123 Hrith oo g2
A LT,

[EB ] HI%FEHT Nd.Os, BaCOz 35 L 8
CuO, Cu20, Cu W T uhzE vy, &JET/vib
ZANd:Ba:Cu=1:2:3 L7225k H>f&E - RE
L7z, 7V F 5 DFICKOH % 5 g i L.,
i A BILERSS | & AR 600 ~ 700°C IZFHFE L,
SrTiOs (100) Hif% S (STO) Fapk & JFUEL 2.5 g %
KOH @liENICE AL, 12 hRFFL7Z, Ziah
DT Z KEH B L OEEEE ST T (0, <
102 atm) T1T o 7=, 1% D7 Bl & AR aet
ICEEFRT =— V&l L=k, 5% XRD
20-GRIEIC X 0 [RE L S SR & A
T ¥EHSQUID) I X A Al 3 o IR FE (K 771
12 &0 EHM L7z,

[EBER] BRD XRD 20-01IEN 5, 1Kl
FOHET T Cu0 # FEHZ AW GA 12X
Nd123 FHER S 7223, Cu0 B LU Cu &
AW=8A120% Nd123 fHCid7e <, BB &
O fe TR L7z Nd(OH)s FE 3R S 4
oo ZTDOZEMB, KOH 77 v 7 AIEIZE D
Nd123 tHOERITIE, —ELL LD B LET
HDZENGhol, —F, RARFTERLE
H4121E CuO, Cuz0, Cu JFEF XTIz T
Nd123 FHMERR S 4L, Cu lZE ENDHIFE D
7RUME S Nd123 D B — 27 DOE IR S
72 X 112 K&H 700°C TERL L 7= Nd123 ¥
ROBKAL LToBR T — A > N ORI AFE
%9, Nd123 B3k CIEFEHI & Fh 2 kR &
DR DIEE Tldm bk Lz, L7z > T,
KOH 7 7 v 77 ZJEIZ & 5 T Nd123 # ARk %
Y. JREHC B 2 e &1 Nd/Ba E#iE
IZHELTWDHEEZXDLND,

@ 700°C, in air

—o— CuO
—o— Cu,0
—o— Cu

= 7rc

0 20 40 60 80 100
Temperature [K]

Fig. 2 Normalized magnetic moment of Nd123 powder
fabricated at 700°C in air using CuO, Cu20 or Cu
as raw materials.

(2% 3C#k]
[1] S. Funaki, et al: Phys. Proc. 65 (2015) 125-128

Normalized magnetic moment
=)
(o]
T
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GdBCO-thin-film fabrication using FF-MOD method and
spectral transmission measurement of MOD solution
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A % & JB& W A #EMetal Organic
Deposition:MOD {£)i%, 7/ fEiEHl o5
FEETCIT PLDIEL V50, FEEZE T m& R
T2 A RV Z L, KRifE R EICR
FBh& @Ah - VGBS 2 LB 5 /e FIETH
Hl=, BEAICELZatw X E L CHRF
INTWDH., AFETHEHA LTS 7 v FE7
) —MOD {£(FF-MOD )%, EIZEH ST
W25 TFA-MOD ¥ & _RTT7 v FEEFEHL T
WRNT, Ko R b, BREAMN DR,
BRBEEFIC 7 v B EBRETILER R T atk
ANFEHHETHLEWVWHIFERHD. L,
FF-MOD % T 3 % BT AR IR I X R [ O %
We & BIHbT LW RESRHY, =
NIZET 5@ N, FZ T, 41 FF-
MOD EDFHR DFERFEALIZ K 5 RNz BY
T AWML AT T2,

ATBRAARVS IR ORI R & RS m kR, &8
RO E R D ER AT o7, £
EIZ, RO GABCO Ak & Zr L
T2 IR 2 U EH0 14400 pl FIE L, 2400 pl 4
D6 ESLTEDOHD | RefiH L s
EfI4 5. FD#%, Uv-vis X GEFH 24 A
L TR ORI FE 2 E L. ZOfE

—O0week
1week
2week

—3week

—4week

—bweek

Transmittance [%]
o
o

1200 1300 1400 1500 1600 1700
Wave number[nm]

Fig. 1 UV-vis transmission spectrum of each MOD solution

k4 1 ERERGET DI 1 ROWREFEHAL
TAiTo7=.

X 112 6 ROBEFRMOIEIR DO 2 1 E
LR Rz Rmd. NBIEERE=—Y 7 L
TR AR LTS, K1 XY, WO —
TV TR MM R WVIE ESRIMVR OFE R I T
LTWAZ Enbnd., Zr #IN LRI S
FIRRIC = — Y U ZREIN R 72 512 EimiE =R
METF L7z,

212, 1 O HIER L 7o K% 0-
20 HIE L7-fl A9, 2 OffEdhiT x5 H
BT o TS, X2 ND GABCO(006)D & —
JDEI BT D E, ==V TN 0
S 2 B E QWK TlL LAO002) & 12X A
U S TWA2, 3N 4B TIIE—
TIMEL 2o TCWAH T ENbnd. T
D GIBCODE—7 THREKD Z ENFEZD.
Flo, Zr WU TR CERE L 72 i S (6
FEDMEM 21572, LLEDZ & X0 IRIKDORE
DEEORE R REEICREELHEZ TN, b
NbhND. FEIY HHRET 5.

[GiEE] ARFZED—E81%, B 23K03955 D
Bz kv 320 L 7=,

03E %
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Fig. 2 6-26 scans of GABCO films prepared at different aging time
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Comparison of properties of Nb thin films on R-plane and C-plane sapphire substrates
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LIz oic]

T T~V HETENET DS IR 7 38 HkeR (FFO) & 328Ld 2 7212, FFO <0l B #
ZAERLT D Nb WO RN B2 B LT 5, HilEl, R Y7 7 A 7 b Z 800 °CIzhnEA L T
DC ¥ 7% b ANy ZIZ XD ERL L 72 Nb BV T RAFZREC MM & @ Wit RRR
DEFOLNDZ L a2WE L[], 72720, Nb HERY 77470 R mickt L 2.9°4 LT (100)
Bl L CW5 Z & AR d 2 mNEL 2R Lic, —J7, Cilnt 7 7 A 7 2 B Nb R
B9 (111) BEmT 52 &b TR Y | [FEEIEL, Ry~ 7 A 7 F 0> Nb iR &[RRI
EEEICERITE DA RRER S D, Ll T DK B Nb #IED &6 573 FFO D7 N
A AL TWDNEIARHTH D, £Z T, AWIFETIIREE CiliY 7 7 A 7 HMR EZhEhic
Nb A A L, KT 7 4+ 0 U—CERAHE R it 5 2 & & LT,

[ BB L OWER]

Nb #fEE, SiC E—#—TRiHHD
I C iy~ 7 A 7 HAkZz 800 °CITHNEAL
RRG, DCVY T FR bur ANy 228D
S 100 nm CTHEMBE L 72, Fig. 11325
DEED AFM G T %, REH 7747
HR 0> Nb T, [1120]anos FTAIC
sf U CH NI %9 45082 U 7= BRI O %t 5y Fig. 1 AFM images of Nb thin films sputtered at 800 °C.
Wi CRIFRS 50~100 nm) 785 < BlEE S (a) R-plane substrate  (b) C-plane substrate
Tzo =77, CHIY 7 74 7 HMR ED Nb #IEIE, 111 23 3 EFRET R TH D 2 & 2L T
ZATEIROFESRL (RIASK 60nm) ATERK STV D XD ITRA 2, % Nb HEOKEM S (RMS
) 1% 0.93 nm (R-plane sub.) (2% LT 0.74 nm (C-plane sub.) TH VY, a7 Y HEAITHNDL
D BUREHEEE & b~ T H R0, £/, TN OIPEROIEERFAED D RS 5115 RRR
(=R(300K)/R(10K)) IE. 75.36 (R-plane sub.) Td> 25 DIZ%F LT 19.26 (C-plane sub.) ToH o7,

LLEXD Clnt 7 7 A 7HMRED & REY 7 7 A 7 Hellt e V72 Nb D IE 5 23, RRR 235
W &b B R RS REESIN PR SN2, i1/ FFO OFEHRBMFFTE 5,

[ Ciik]
(1] TRIAHM, 4 85 [l B AR EMT A (2024.9) 17p-p03-14.
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REBa,Cus0;-s coated conductor MEB{EEIFHEDRIGAEERFEICERSHTFOTAOEE
Influences of bending strains for angular dependences of superconducting properties
for REBa,Cus0;« coated conductor
HEX O BA, DI ZF, EAN ZtB, MR EE
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EI=l=N
1. B

REBa,CusO7-5(REBCO, RE X Y F721347 1 H5CH) coated conductor 1, BE5 £ FEDZEA LIS IO
T HOHNNT, R EREENETHIENMBNTND, ABFFEEE Tk REBCO #M O i O
F T COEGFLETR ORI i AR 21T > C& T, ZOH T, OF Az FIINL BRI 25 A3
AT B AREMERSH D Z LMD TETZ[1], Z D728 ABFFETIZ REBCO B4 D L HBEE 5 (B.0)
AR THIET, OFT RICEDB G ML DB LR ETI DL AR HIET D, AFEERTIE
HF O 2 FIZBW T, — BB I 1T DB B R 2 0 LT R A A 975,

2. TR Tk
B L T GdBayCus07.5(GABCO)#iAS (FTSC- SCH04)%ﬁHmf:oGdBco BTy T 7RI
O g 0.3 mm, EX 1.0 mm 7 VP ZAER LIz, ZOREHIRL ., EAE 50 mm(0.15%). 25 mm(0.3%).

20 mm(0.37%) D RIF 7 A L fF O ANz 720K RE CHE LB TR O 4 FER M2 R L 7=,
PIE L, IR EFRIEHEG EITITO, B3 0.4 T LR TITo 72, B FEIL e AT H a0 LT,
=207 110°F T 10°B = ICHIE L,

3. FEERAE R LB L2
112, GABCO #A D& O A BT DG A E i D

1.05
BEGs $ AR 2R LTz, QORI COMER M AT 4| Bendnestrain
ILETIH D7 50T T D EG S D e/ IME VLl g 0.95| g;:“’ﬂfi(;%)}:_:i‘?i
FHEMZDEREBBBAR DT, TNETORE g 09| ——oam feo)=2654 f
LRSS OP AR, BRI B Mo 5 %
o 08
WOF BT BRERL 22072, Y I, 2ha BT TE 075
ARG CIIE LTSRN L BAMEATREL R 2,
REGOTHET D, 065K
-20 0 20 40 60 80 100 120
Angle (degree)
R Fig. 1 Normalized critical current as a
[1] PP, 2021 42555 68 [l B x4 Al function of magnetic field angle for
B VEC AN
A 16p-P04-12 (2021) GdBCO coated conductor at 77 K and 0.4
T.
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ZitBEEEORRE S/ SQUID ##ét & L-EERKEMSEORR
Development of a scanning magnetic microscope using a nitride SQUID fabricated at
the tip of a fused glass tube as a probe
ERAEBET COME & G HE #X DPMAR &BA
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PRI 9T T AR R | AR G 2 RS L 7o i i
TFHFHT. MW A B R & 22 iRRE & 2 WIS L7
ERT 0 —THBEOBKIREE L TER ZEO TV D
(1), ZThETHEx OIIEETIE, BREmBIEE/

B RS WO < . (LI 2R T S (LA R B
B (NDTIN) 1S H Ly 489 & AT RSHER S 2 ‘
IC. Jelafil )/ SQUID % 1E#L L C & 72[1],

AFER T, ZeWBRER O R T/ SQUID @
Frf 2 57 LT E AR BB OB SRl 2 i3 2,
BB ORI OMIE 2 X 2 1~ T, AERT—V%
XYZ DRV v aF—E& A%y F—THEIL, &FXAK
e RE) 1 ICH Y AH T 7o BREHTIE DU 5, AUB-ERETR D
PEEE 3 SOROK AR IRE) 1 DR JE e D> 7 R L AT
=YDz ra—ZipbREAb o Tc, R Y T L
B AT I SRR R 2 B SO, BI=ER
REL 7 o7z Nb RO X 7 2 XS Z — 2 (2.5 um TED
Line & Space) DR DB 2 AR~ 7 MR T
FARIAEREZMET D TETH D,

Nb B& D FAH 3 LRI e tifs SR 0D i) 2218 FC 3 0 42 fikuviz
12Nz, AFFEO —HRITAMI . (JP21K04819) M UMALE
SoF [ A8 T 8 BARTR B [ D4 B 22 52 1 T T oL
7o
[1] N. Kokubo, and B. B. Gerelkhuu, NbTiN SQUID-on-Tip Fabricated by Self-Aligned Deposition

Using Reactive DC Magnetron Sputtering, Appl. Phys. Lett. Vo. 124, pp.262601-1-262601-5, 2024.

NbTiN

== S, Quartz

Au/NiCr

4 2. a BBEAIKR ORI, b 2R
s 7 SQUID % 3% XK A
BB FICHY o, BB~
S IR T,
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Fabrication of self-aligned superconducting nanostrip photon detector with He ion
irradiation
ERIK!, XXEBEFH? )IA K, FH &EF2 4K C2, PF =62 RE #F?
Sl BET!
Kitami Inst. Tech. !, Hokkaido RIES 2, Shin Kawaguchi', Keiko Ukita%, Jin Sasaki?, Keisuke
Nakamura?, Yasutaka Matsuo?, Hiroyuki Shibata!,

E-mail: m3235400130@std.kitami-it.ac.jp

Hilt, He A A 2S5 2 LIC K- TRZET 2 2 MY » 7 Hids (SNSPD) DOPERED
M ET2ZEDRMESNTND[], 731 AMERIZIZ He A A 2T 27201203, BAGE
TIE72 < FAHMLOD SNSPD R F 3B L 72 %, AlEl KT T4 A FORG R EH CEBEERALY
SNSPD #{E#L L, He A A4 > I DOZNRIZOWTHRA L7z,

DC v 73 b ARy ZHEIZ 200 Bl Si b 12 NBTIN 36 K U MoN 5% 7-10nm HERE L
7oo RIT BB RIS E I L OeE K7 A = v F o 73508 2 - TG 80-140 nm, [HAR 15 um
DAT o EHIAEER Uz, B&BIC, SR = > F o Z7EEEIC L0 S ERD HERR 2.5mm O
MBI L7z (K1), fER LT A AENE 2.5mm QAR Y —THEATHZ LIk,
ST 7 A S & g O A R EICEE Lo, He MRS THAD - Fetarlik it > »
ANRNEROA LT, T8 A He A AU 2 BE UTo%, BERHMEZRHE L 72, He A A > MREHIC
FU LIMET, BRI LRI 2 L3R, BIEZROAMGIRSIERT 2 Z -7z (K 2),
[1] W. Zhang et al., Phys. Rev. Applied 12, 044040 (2019).

11111 =05
lllll =15s
B 30s
3
£,
=}
S,
Bias current (uA)
1 (a) SNSPD #% 15 H 2 Count rate—Bias FE i He 1 4>

(b) RIEERE AL KIX SR IR A

HIEE  ABFZ21% ISPS BHFE: (JP21K04170, JP24K07602) 36 KX OMWE « 7 /34 A SR AL FIAF 4245
DOBIRZIC X 0 FEhi Sz,
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Frequency counters relying on a superconducting transmission line
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1. IXIL®IZ
FHOEIALF—D 20%L L& 50 3 &
INTVRICHEDLL T, REBHIE N T
WIFEWE 2 PR T 2 EZRA T T3, I
EVEERBINT 5 2 &, FEHOKY L ORE
IRHT 2 EER T2V TH Y, HRILEE
nNTwa, BEEYE ofEgo—> & L T Hidden
Photon (HP)[1]23% % 2%, HP 134 % L
BCHBETERES L, BEYEOE RIS

J& U 7R E DERGIK & m R o E X ¢ 5.

H P B3k O IR O B 2 R L (Ko 5 7=
DIT, 7 3 P TR DO B i
RExfioMmAaBE L %, Tho D&%
Wi7z SRR & U ORMBERIERRIG 2 72 4
Iy T7 =) ZaNEE Y Ty T FTS) 5
% [2]12%, FTS %K 3 % Mg o =X L
7\ ARSI X o THEREmR EZFHE LT B
[3]. zZT, AWFETIEA v F v 7 FTS LA
MOEGE 2RO, IJRHEIED A~ 7 b vz
2D TIE7 L, % DOWHEHNT—&FIEETHE
L OREBERET 2 AV v 2= LTT AN
A ZZREWEE B C & RIRET 5 (Fig.1).

Signal I ADC
Generator
Q

| | Superconducting _J
Transmission Line

1K Cryo.

( j Function Generator

Fig.1 Measurement set-up for a frequency
counter relying on a superconducting
transmission line

2. EBRRER

RBA AR IERR G Eic N4 7 REHT & L
NEA Y Z 7 2 AL, (D) 14+ AI/I)2TE
feaed s <, Rk EOMHEEY, =1/

(L +Lg)C %M L GOHERIE % 1 9 15 <

EBTEDL., T TARBMREDRETHRE 2
FBIRECT 1 LA, I3 BEEER, L 3%
AV REI 2R, L3RR IFI A v 20 5 A
THh 5. WURERICIZEL =4 7 (TiIN) %
T, £X290mm, fRIE4-6-4um a2 7L —F
HiB& (CPW)IC 10Hz DEFHSA 7 2% AL 72
235 4.999, 5.000, 5.001 GHz @ J&EE <04 2
IR % R ERE CHE L 72, 2 OfER, &
MR DONAR - TREE & b I NE NDRPET
TERBIEERT BB bho7-(Fig2). *
T2 IR RRER HAED 5 & 100000 FEE D
W CRIEBERETE 2 2 EARB I .

4999MHz
5000MHz
5001MHz

N

0.0
0.00 0.02 0.04 0.06 0.08 010
time(s)

Fig.2 Amplitude shift of S21 under the 10Hz bias
current

A L ARWFTE 0 —F IR (19H05499) D3
EAEZITTCHET,

S 3R
[1] S. Andreas, et al., AIP Conf. Proc. 1563, 114

(2013). [2] F. B. Faramarzi et al., “JLTP, 199.
867-874, (2020). [3]1T fib, £ 68 [EIISHPIEE
FRBEFPMERES (2021).
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HBEE - BB SN) ZBEROEKEEICEAT 2B AANDEAREENS
DEAHEICOVWTDER: BILET /NA AMREDHIC
Relationships Among the Formulas for Transition Temperatures in
Superconducting-Normal (SN) Bilayer Thin Films and Notes on Their Applicability: For
Researchers in Superconducting Devices
KEK!, #fftK2 OAXR $H3xE!?

KEK!, Sokendai?, ©Takayuki Kubo'-

E-mail: kubotaka@post.kek.jp

Introduction : SN T R DOAFZEIL 1960 F-AH> 5 2000 FEEH F THUERIC T, BIfETIE TES,
KID, SNSPD 7 ¥ OERE T NA AD/NT A — RFFIZEE o5 E %2 572U TW5 [1], Pearl &
DRI K 2BEEXA A — FADISH [2] HFRETH B, F7z. BZERE OKHKBBILY 2V
BETH DHGEIET NS AMRIOEES R 2B U CTHET 5 3], 20X 5IT, EHESRITIE
JNNRHTHEEEZE L TWED, TOWBIRE T, AXPRHAI NS 225\, AFKRTIE,
Ref. [11 1230 &, SN ZJ@#BED T, AXFORERZ ML, @A O WTHEZEZIRE S 2,

Results : A PR TlE, MEOHE L, RHEEL N IT 2RSS, SN ~BEKOIBIEE D
BIZiE. 1968 4D McMillan D AR

T, a 1 l+a 1
1 =- T,), ZZT T)=¢l=+ ————|-vw|=],
i Sl ule) =¥ 2+2n<Tc/Tc1>aﬁ) ‘”(2)

ERAVWSDNRE, T (FHEEERBEROERBIRE, ¢ &7 1 7Y ~BEE. o= Nody/Nidy & B =
4(e? /W)RAT  Nidy \FEHEN R A FIH T 2 IR T A =R TH B, 1,2 1T NTNEZEE L H
BEEZRL, Npld 7 )V I TRV F—TORBEEE, d, 13, R ZEMOBEBLKIEITH 2,
TEUGTIEREL o I N JEIZ L 5 BCSHEAEHDOARZ, BIENS N 7 ORI 23K 9, McMillan
DRXE, —MAX» S FRET, g1 —EHFNTHITH 5, Cooper X Martinis & DA
L ARPSBEHINS D, 205 OB I, TN ATE B BRHRGENS L,
McMillan DA XDFFH A HESE X 15, Martinis 5 D AR EMO AR ZE[FH S GEITIERENBET
b5, iFAlllE Ref. [1] 22N\, SSIEEMRIZOVWTHERET WS,

Acknowledgment : )3 FFIZH S RIHOERRFE L HETERAEE 4 2 XA TLEE 722 TOD
J5 2 &S B, ARISE [1] 1, RZEFR OB OMEIEENC I Z L. £ DO —3, Kaori Hattori
KOBIEET NS AEH L OERHBERFZMERT, HW/ — b0 TH S,

References :
[1] T. Kubo, On the applicability ranges of 7. formulas for proximity-coupled thin SN and SS bilayers,
Jpn. J. Appl. Phys. (in press, 2025, https://doi.org/10.35848/1347-4065/ada74d). Preprint available

at arXiv:2410.13885 (https://doi.org/10.48550/arXiv.2410.13885).
[2] T. Kubo, Tuning Critical Field, Critical Current, and Diode Effect of Narrow Thin-Film Super-

conductors Through Engineering Inhomogeneous Pearl Length, Phys. Rev. Applied 20, 034033
(2023).
[3] A. Gurevich and T. Kubo, Surface impedance and optimum surface resistance of a superconductor

with an imperfect surface, Phys. Rev. B 96, 184515 (2017).
[4] AREEE, BRKED ST =a— 3 — 7 THIELRITZ o YR, g, 20, 50 (2023).
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Higgs mode in superconducting devices
KEK', #fKk? OCXRHKBE'2
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E-mail: kubotaka@post.kek.jp

Introduction : Zk TP TIX, v 7 AGOEEHFHENRS DXL % & v 7 AR 1 L FEID,
HEETIIBEERRT /ST A —X A DEEREN S DXL A0 DXEL, By 7 RAE— R EIE
s, £72, BhirYE Oy ZF 2R Fh DB Z RV V2 ZZh THEERT % & 512, BEET
by JRAE—NLEMBAIZA-A-6A THEEHT 2, ERIBO R EOHE Ly TV
LW, ERET IALVYERHWONE, TZTAD—D22DCANITA (4,). 55—
D% AC Bl (A,) L T58. Ay-Ay-0A L\WVWIRIZZR D, by 7 AE— K 6A WVEMEG TR
&S 5, DCAA 7 AIFABD - DEAE ) T 2705, ORI % dirty limit THRA)ZFLERIY
IR U 72D Moor 5 [1] T, [EIZ Nakamura & [1] DSEEBRCTHERR U 72, £ D, Jujo [1] PMEE
DINA T ARRE R EBTRRICHEE Lz, 270, IS DffRIde v 7 A€ — KO ILIE K
ﬁmraAﬁLVEabfmé FEBR, EREERANDFEVRRARLRDDITZ O TH D,

INoANG L HFEGITEEIZNES KB, TIE, ZLDTNA AL > TEER v < 2A &\»

9ﬁﬂﬁﬁ£ﬁﬁtvax%~h® 5#%?&&5 Cldd B0 ARBLE [2] Tld, BEZEX b
)y IR LA T D de N1 7 AEFRDFRAN BRI T, ALE D EIEED ac BIAIEATIZH N
% (ac||dc) BEDEREEREZPFNT (NFA VX XY ZADFHMINRERTHRNS),

Results : FEFHEEED I 7 172 #Ew, Keldysh-Eilenberger ¥ & N5 Z & T, LEDIRE
(0<T<T.). NWEERUTOLEEDNNA 7 AEREE (0<J, < Jdp) BLUTEREDOFHEE
78 (mfp) B 2EEEEREZHBETLIENARETH S, RO EDWHS IR >7 (2],

(1) KA (ho < A) OEFBLEERDOER o (X, N1 T RAKEFELTHAT S BIZ I
T/T.=02Thw~0.1REDFHMEE TN T AMKEFELEZBDRRSNG), N1 TATTNA
ZDEEOMHINABETH L I L2 RET 5, 727720k y ZADFLGIFREL B,

(2) JBI op DFFEZE U T, clean 5 5 dirty limit £ TDHFA VX I R ADINA T AK
2 GHE U7z, NA 7 AEAEMEIE, S EBITENE 251200 TH &0, dirty limit TIXE
A REZLIINA T AKEOKREO R v F2AE— RIZERT S GEHlIZEZIZ L3 00HKE%E
ZH)),

Acknowledgment : K55 [2] Z 52k X85 ETERKEOHRM A 3] 19BIKTIT> TW\Wzigx
DTGB N EE R RE 2R Uz, 3HEELSICHELIRHOBERRE L HEFEREEEZEXATT
T BTDHAITEMT S, TAMEDIBE D IF. REFTIZP D ELD U7z Anatoly Volkov K &
DA=)TH 5, KF¥E»oEREZ OMBEIZHOHZ T 58 -8 & 7225 72 D13 Akira Miyazaki
K& D TdH %,
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Low-temperature properties of NiNx thin films for barrier layers in magnetic Josephson
junctions
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1. 1XU®IZ

BePED a7 Vo n EAITIEIREE TS 7 MEREZ AT D720, Z OB ETEN L=
ISHPRREZEINTND[1,2], ZOHEGOMEREEERE & LTk, PdNi [3]X° Ni[4]7 EARFIET
W5, BAILINE TICHEREEERE ~OISHZ BR L L, R 23 R ZE 7 Ni #5150, S
DICHER AR 2990 5 Z L 2 HiE L CTZE{b= v 7/ (NINy) 2R - Bl L T x72[6), 7272 L.
FeMEEHlIE =R TIT > TV e, £ 2 T4 RIR CORRERIN 2 3 7o O CHET 5,

NiNHRIROIERUTIE, BOSHERF < 7 % by 2Ry &
ZERANVT[6], Ar & NpDIEET ALY NiZ¥—7 & 00 |
v b RIET T R B R S, AN T 30 nm § o0
O R L7z, E7o, RIS LT 50 im B 3 on b
D Si0; ZHEFE S W72, #RiE 100 um, £ & 1000 pm D7k 0.15
-400 -200 0 200 400

—IVHEFITIN LR s A D TRIEIRE 2 2 b S
PR LOR— VR R 2 3 L 7=,

Magnetic field pyH[mT]

Fig.1. Hall resistivity at 300 K and 11 K of a

1 124+ 3 Pa, Ar i 10 scem, NaJii&# 0.2 scem, NiNy film (sample A) .
RF &7 40 W TR L 72 NiNy GREFA) OFR— L2 5% 0.15
FrfE (300 K eV 11 K) 27797, X 2 12X No DA 0.6 = 010
scem (225 L7= & % 0 NiN, (3UEFB) Otz 79, #i & oos
FCIRWVIRERFEDRN R o=, BETITIZEALE I% 0.00 S =
RNt MFEOREKEMET, BT X5 58 2““ T
R HRICERT 5 b0 LS NG, K, ik 20 W 1k
AT, L HICREKFIIR LT, THEN 180 ao a0 o 20 a0
pQem B L 220 pQem B2 Th 72, TNHD Z b, Magnetic field poH[mT]
BRI 0O Ny 49JE 2 RO 1= % = L 1o 1 1) . 83U ek Fie2: Hall resistivity at 300 K and 11 K of a

NiNy film (sample B) .

MR ZFFD NiNg Z BB CE L afEtEN H D Z & 23y
o7,
HEE AMWFFEIL, ISPS BHIFER 22K04226 DB EZ T 1-HDTH 5,
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