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This workshop was carried out on December 11 and 12, 1997, at JAERI,
Tokai in a series of modification of material by irradiation in "the multi core
project I of the high temperature superconducting material research" orga-
nized by Science and Technology Agency. The following is the abstract of
presentations concerning basic theories, various experimental results and mate-

rial improvement of the superconductivity by high energy ion irradiation.
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WS, KRFELIA O BRERRI 0 7 = — )L gDV ICEKIEN, RaO¥ERED
BAZ.6TBKO7 2 —IRBNWTERBTHE 22 v ¥ — O RN LER Y
S DEEATNDG, OB HEESRENEERRIZEZLTNWEEEZSND,
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[3] Terai T, Kobayashi T, Kishio K and Shimoyama J, (1997) Physica C 282-285 : 2285-2286
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450MeV _)_Qe23+47l'yﬂf"a§‘flCJ:5
Bi-2212 BB{EEARDERAERZELTIL

BRR¥ T¥E RO &kE AR, /M M, 5 B%
F—7—8 : Bi-2212 R, BIFXNF—Ke (72, BREREE., €20, HERRKGE

ABSTRACT
BiySr2CaCuzOs4y (Bi-2212) B FRIC Xe 14 2 RHT S I LXK D ABNICHERREEEAL, EZ2Y
HEBETEIERE> THREGESEERETAZEEZEEL, 1x1019~5x10" em™ 20 7NV T > AR HEHL K&
B ORMLilE %, RHRERR/E (VSM) ZRWNT 4.3~60K, H&A 7T OEMBBEO T THE L. BRERE
EJEREHL.
- BHEICE B JOMLEN 43K ER<TRTOBETHRA SN, 0.03T BEEOE#BEELTHEINIZ X
8x10!% cm~2T JMBRAEEM> /2. RBHEBHIH TS J.OBMNEIT, LEMNEER (40K, 60K) TREL.
ZOZ LR, HENERIIBVTHERRKED J. ERNDFENKENWI LERLTNS,
ERMREZTNEE F, ZRHL. ZhETREEEINTNS 520MeV K20+ R 240MeV Aultt 4>
REICED F, LHEELZ, TORR. Au 11 BHEOBAD FMUIOBEL DFICKENZ EMAHINE.
A4 EO Bi-2212 PTOETHHIEREEHRENSMERRBOER EOBGREZSELUER, F,EAER
REGOER & ORI ERRMBIRADH D Z EARBENA,

1. ¥

PTFE—LOBFICE VEAINZBEREN, BIEMBEEEEATCEOTIHERRE LD HOE L THEE
THZENASNTHED, 1F > - PHEF - BFHFOHLANF R TFE-LOBRFIC L ZBRAEBREE (J.) D
ERBBEINTHBL, BIZEAF D E—LABHICE> T, SEORFAREOT TORERE VIEDHER
DR RMEASRE P ICEAZINE Z EHFEIN S, BFE—LARBRICES J.O LR ZHESNTT B0,
E—Af TRNF— - TN A%, ELORBIDODNTEREZITOISHEND D, L TIE 450MeV X283+
AF > E—A% Bi-2212 BERICHHAL, ERBFREEOLRLLEFANE. SBTFOERE, INEFTREES
7= 520MeV Kr20t 1 4 > E— AR 240MeV Aul*t 14 > E—APIBHIC L 2 ERER S ik - BRM L=

2. R

70—F 4 2/ —EICKDERS N Bi-2212 B#EREE (2mmx 2mmx0.1mm 2) KL, BEEF
ARV A 20O EZRNT 450MeV X+ (4 2 E— LAZEE c BICTETICRF L. 7VT AR
1x1019~5x 101 cm=2& U7z, 0% VSMREEAEI B A1ET) AW T, HBHEE 4.3~60 K IZBW T, ik
c BRIZEFTICHS (BK 7T) 2HIML .. BB OBLEXF U AR EREL 2. THhS5OMLE X T > iR
IZHEEE Bean X V12 BHT B &1L, J2EH L,

3. gRLEER
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F-EERED ST 0.03TEEOEMEFERICBNTIZ. 8x101° cm~? O 7 NI AR BWT JARKEEZ->
Tra LU 40K OBREERBEBICBNWTHE, 8x101° cm2&0DHENTINI AT, KV KELEER-S 2.
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3.2 A REHBECEITS I.O7NVI 0 REFHE

212, 0.03T BB JOTNL D AERFHEERT. REHEEHIWNT S J.OBMRIZBEITHIEEL.
43K TR J.OBREFE LA ER SN 724, HBHIEE (40K, 60K) ICBWTIEAZ /2 (> 100 1) #nkaHs
Bz hiz, Z0Z&it, THBRERCBVWTILRBHAEHIS ENIARENBHBICB LT RBEHRE
eI LUTHELTWAZEERLTWS, —AERTRERRREZ V24— U THERAET.
FELUTHRHFICLOBEA SN ZABRRRBAEZ T4~ LT TNEZEE2RL TS,

3.3 RS B, 07 NI REKEFHE
X312, 0.03T IZBIF DRWERIE By DT NI AEKERERT ., HEREKIER (20K) T B 137NV X
5T FEFE—EDOMERL 2. HEHEIR (40K, 60K) TIZ. 7L AOEINIED B DEMABRR SN,
Fifi R OEHORERLD . MHERRESERBICHERTEOEER - BB ETEZ T AR ED T ENHSMT
Bolz. ZOZEXD, MHERRMBOBAKISBEERFHEOHEB L. KBENFECBLTRIIEYTHRLE
AB,

34 EAAVREICKD F,OHR

ERNREZ S HEE F,(=J.x B) 2HH L. CNETITHEIN TS 520MeV Kr20+ R IX 240MeV Aultt
A4 BEICKD F, LU, ®412, 40K, 5x102° cm~2 iTB 3 F,OBMBEKEEERT.

Au 17 BHICE D FIIMOZHEX DB 10 FEFHITKREL, RNWT Kr, Xe ENWIEICKEWN FEZER
L7z, :

10105 N— o
3 \
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t
10° 3 '-.. 1 E
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Z 103 . '! ’J
mn. E I
7L i
W0 | —— 450MeV Xe23+ 3
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K4 BAFBAEEDRBOE_ T HEE F,O-E

3.5 EFHIBHILEE S AR RBEDBIGR

Au, Kr, Xe OFAAVBHICK-> T F, BEBZERE LT, ThENOBETHRE N AERRBOY 1
ZOHBEEZ. TOFHMND & LTERBHE A0 Bi-2212 R TOEBFHMILAES, BIFILE—ERICDON
T Bethe DR, BT F—EFIHITOWT Firsov ORBI2FANTHELE, IS TIN5 OEFHAELEDHE
%. Kazumata SO Z D HEINTWAEFHHEEEEE ARRRGOEZEORBICYUTIED, &4 VBHICK
BHERRGOEREERD, TOREEE LITRT.
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EuBa,Cu,0, FSIBEEKIC 1) B KA
Defect Production Rate in EuBa,Cu,0, High-T, Superconductor

Irradiated with Electrons and Ions at Low Temperature
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{(BoORRBAEATRE (BXRFAHWEB) : HO.12.11-12)

EHBES S AL oRIYBEEFROEELR

Recovery Treatment of Oxide Superconducting Films with Activated Oxygen Plasma
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Fig.1 Magnetization curve of Nd123 at T
=60 K beofre (open) and after (closed) the
irradiation with 5.8 GeV Pb-ions (Bp = 1T).
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Fig.3 Semi-logarithmic plots of the time
versus the magnetic moment measured at
65 K for the Pb-ion irradiated Nd123
sample. The magnetic moment was
normalized with the initial value at £ = 200
8.

U Nd123(8 =11]
50K E

Fig.2 Temperature variation of the
magnetization curve of the Pb-ion irradiated
Nd123. Arrows indicate the peak.
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Fig.4 The field dependence of . (open) and
the corresponding apparent pinning energy
U*o (closed) at 7" = 65 K for the Pb-ion
irradiated Nd123 (B¢ = 1T).
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Fig.5 The temperature dependence of U*, for By =0
T(with self field} and 4 T for the unirradiated (open) and
irradiated (closed) Nd123 (B¢ = 1T).
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B O CEE S ERLRERESENLORDDENN—FRYY 7 FOBREEIT-oCE T, 4
®iT, TN E, EHEBEEOEBREEEBOME. ooy MEBORME, &5
W, ANVT w7 Ra7 —F QR TRHIEORMBER SITCA LW EB X TV,




JAERI—Review 98—008

Bi2212 [CHRITDWRT 1 FITXR
—BrtEit ./ ZRIED5—

vortex dynamics in Bi,Sr,CaCu,0,

HRAFAFRLEXCHRT  FH4 B TR G WH =R

EBETIEFENE L LODEELZEDELSIZRFIDONENSHERSL A FIVADM
REICIRTE. Bl AEE - TILVD, Plastic flow M5 moving solid ~D I &HIIEERTS |
MERHMIZIRESN[1], NbSe, 2 Tl HALRAEFEREZRNTETDRIENTT
hTW3B[2], S RREEATE. BMBRGBEZEICHELTHRRDBHEI(F
B R B &M ERICHEICH- TS, 5L E, BELA A TIVADE
EIZDWTHRSBT-&. Bi,Sr,CaCu,0,0 BAR #5855 T2DEGIHU/NR—ILRFEE
BALTEBM#E{E(BEREBEE) /1 XDREEIT- -

R1ZBREE/ A XDARINILETRT, BEREAMKEICENT, ZFEEDO /1
A :broadband noise(BBN)X X, narrowband noise(NBN)Z R TEAZENTES, K 2
(21X, BBN DA, . B EOHIBERFRERTH. Chh ot ahdLoIc
BBN (&, BIiDOA > yb, bt RN EESEHBTLHDIIHE->TEHNS £
7=. BBN (& Lorentz BT, FDEEI(L vortex DIERE(ZH L TIEEER., >FY—B XK
Ellgot-#. BRITINEED, — A NBN L., MEROFEEMNLYKEGEEE TR,
HEIFH L EIE T D85 (transit time) DI K IET B, BIZ. ChoD /A
Xif, ERMBEZAEOMEERE - REHIZBWLT, ARICAShH2EE7
Hhot-,

BBN MEEELT. NILYEL, FEREELDEENREZ LN D, BIE L.
plastic flow BIZIBIE[1-2]IZHET . ZDIZES BBN M Lorentzian THBDZ &I, Ly
HP 5 flow channel [1-2]NEIBETHAH_EETBRL., FT= vortex FHEDMEMIZ
S E DKL, channel HDEMEEKRT 5, BITHRENFDIZEGELHI &
plastic flow MBH—3k flow ~DIEEB I [N1IZL>TEEESTENNFIEN-LEZ N
(E&ly, —A. RAEHAZEMTHDSETNILB]. vortex DHAYT HFREIZHY
TEWZEMRBG (Lorentzian 525K EERLENLEL, ThAHELDHRE
LTWAHHATICETCRATWNDEEZIDDELNHD, COGEE . MERREIRHER
HTHNILIEVDEEHITEAEZFTIZINY R Ty JIES LTV FHIEA
BTN Ff-, BEDEIZDONTIIAISHADEBEEZLIDENDH D, BEDHEE
FIEEICRLIN, BROLGERZEUZE. WOIDEBINEIZDETH D, @
EERDEFHEERMICEI > TREADEELITM TS0, AHORLIUE
TO/AXDBEERELENEZLND, — A NBNIZHELTIE., #EOHhDEh b,
RAEVIZKBDPD LEREND,

50, BFREE/ A XDREEZNOH T, COJEEZN. MEROFTAFIHAIZ
BLTERLGTO—JELDTEND Mot BIZ, /A XDZEMBFELELERARSC
EITRY., FUBENEEREVEETOEN D S,

[1] A.E.Koshelev and V.M.Vinokur, PRL73(1994)3580.

[2] SBhattacharya et a/, PRL70(1993)2617; A.C.Marley et al/, PRL74(1995)3029 etc.
[3] D.T.Fuchs et a/, Nature in press, WR White et a/, PRL70(1993)670;

[4] SN. Gordeev et a/, Nature 385(1997)324,
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HEEE: R0 Bi-2212 ORBRIEEREBICKT 5BEA Y v v 7Y 0
(B H) Recoupling of vortex liquid by columnar defects in Bi-2212

BEE:  HEXELFERMEBISR ENEM, E3FR, KHFE—, By HE
Ecole Polytéchnique Marcin Konczykowski

HMEEE:

Taktr V77 AR, BRECEFDRBERETCOBLCERBICEEFADMIEa & —
VOREMBEH RS0 —T THDI LM TS (1], Fxid, BipSroCaCupOg, s Bk
12, 5.8-GeVPb A AV ERETHZ &L THRABEZEALZRHIBWT, YVakryy .75
X7 HBOBENS, BEREEREBIIBT2BEO2t— LV ATV THRT 5,

77 A= HBOREITERBEMEEZRAOTTY., FRETEAE AX v 752 L T, LB
HBEED (2], SEORLRDIERRMGOEMBES (v F 2 7BEE B, =0.5,2.0,10 kG) 28>
REE ., BRRMBEEAL THRWREHZ YW THEON -, BIERKE 24, 41, 56 GHz Tt
WS (Hp) OBRERFHEEZELIRT, RIBTIE, Byo#ne &b H3mnt 5, Zhit,
BV ByDREHTIE, BRMERRBIC L VERNICE LD IND Z L THBESN D, KRIZIRE
FEMEE TV &, HyiddH DR TRBICHED L, Byl Lo FREORWVRAB OB RIC—FT 5
ko s, :U)W{E(i?ﬁ'lféﬂiﬁiﬁ EFELTRY (K2). B, (KED ZEEL-HE OBSE T
BZoTWDEICEOND, TOT T A<HEREE H,ORERFMEIL. BIBERES T decouple
L'CWLE&%#@(M&W%T@E%KK@ {Z& D recouple 5 Z & AFREL T3 [3),

6T, BEEREmIIR L 45° FRNZHR X% EA L7z BisSraCaCusOgsI2BWN T, 248 A
Bk iz, DCEHE ZBIEEIZ 45°F M. HRAMICS L THET ($44) F/-i3FTE (14B) -
BN L CHIZE L7, RELE TO HyDOBREERFHIZIE2(0) 0L 91070, E-Siss % it i
toT7Zuy b5 EE2b) DL IITRD, EKIBEETHADBEIC B3 KEL Y, BEEEM
DRBEABREL RH>TND ZEZRLTWD, —HRIREBSESE TR, HldERRMOFmiz
WELTWHRY, INO6OFERIT, ETER L/tfgﬁﬁ{&ﬁid) recoupling Z 7~ 3 EHEM R E &
AboNB, Eio, 70 KITEDOHKBER K 3(a)] 11, ERNBLBES L TVVZ200E—7 [3,4]
Wiz, 32B0E—208RlaANn, Loz LiX, RIO)BARD L 52 H 3RS CHR

T ; : I —T I T 40_ T I T ¥ ] i I —
40r (a) T Be=10kG+ (0 £ Bcp:lgkz?em-
L ~— Bgp =2KkG A ‘ » ~o- 41 GHz
= - - B.;t = 0:5 kG'. 8 L ~o~ 56 GHz A
o % unirradiated < o0}, —~  Hp
= 20 A 24 GHz ] ID'
[»3 % -
T A -
d [ 00500 :"'-":.3".-?.:,4.. 0
0 20 40 60 80 0
Temperature (K) Temperature (K)

B 1: (a) Hix REBRBEEORENI B 5 EBRESOREFTM. (b) By = 10 kG IZH 1 1% 72
PR T O SIS R,

L g
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I " 1 T T T 1 T
; —— #4A, 24GHz
—— #4A, 41GHz
%, —o- #4B, 24GHz
X, —— #4B, 41GHz'|

Or_,

20 40 80 80
Temperature (K)

& 2: cEAH 5 45° FRNCIRET L2 3REHC B 2385, (a) U =7 2 &—. (b) EiBERICE
AR E T ey b,

Dissipation (a.u.)

80 70 80
‘ Temperature (K)

& 3: (a) TA% 67.6, 67.8, 68.1, 68.3, 68.7, 68.9, 69.2,69.4, 69.6 KIZBIF B Va7V 75X
<HIBE— 7. (b) 2 ODREEEITIGT DHBRIBOBERENE. >ty MIBAERKO2E (B
Mot — L RZWBIT2) ORUERENE.

KRMEDIEREMEL Y = IBHE I TD, c#HFMOMEEN ERT 52 & THBTAZEMNTE 5,
Z D3 DHDOIHEGIIR () IZ AT L S ITEABBITEFET 22 &2 6, I Drecoupling i 1 kiR
% [4] TIREFATES. O LAHBEIREE (BXZ By/4) TRIB 70 RA—NR—WARLDT
HHLEBADOND,

BE ik
(1] Y. Matsuda, M. B. Gaifullin, K. Kumagai, K. Kadowaki, and T. Mochiku, Phys. Rev.

Lett. 75, 4512 (1995). |
[2] T. Shibauchi, M. Sato, A. Mashio, T. Tamegai, H. Mori, S. Tajima, and S. Tanaka, Phys.
Rev. B55, R11977 (1997).
[3] M. Sato, T. Shibauchi, S. Ooi, T. Tamegai, and M. Konczykowski, Phys. Rev. Lett. (to

be published).
[4] M. Kosugi, Y. Matsuda, M. B. Gaifullin, L. N. Bulaevskii, N. Chikumoto, M. Kon-

czykowski, J. Shimoyama, K. Kishio, K. Hirata, K. Kumagai, Phys. Rev. Lett. (to be pub-
lished).
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YBa, Cus O BLif5 i (D 75 M & W R AR 1 Fl
Anisotropy and Vortex Lattice Melting in YBa,Cu;0; single crystals
RRFARTES AH R, BREH F—

EH RO ER IR F A

(1) FLC®IZ

YBayCuz 0713 1987 D F RLIK., SiEBEZED canonical system & L
TELOFRTMALZRHE LRI TS, 2FBHETRABEARETFHHERTE
BRI mmBEEEREE > TIT->TER (D) BEEVIEDOEFHE. (2) 8
EEDOEFH., 3) BMERDOHER OMEEZMN LIz,

(2) WREBRODEFHE VLD

WRBRIZEVIEDHFLE U THET I EXTFRINENZDEEN
AL B ERF B TRE L, —HFROADONREEREEITAYBCOH
FEEIZ DT, KA ML O cBEFHE ab HARE S D S WRAER I E
BHEZ7ICBEULILE VLA L1,

ML BB A EBMAIE (1) EAERDAE (frev) TEXAT VY VX
%D, Bean model ZRE T UL H KD Trev = (Tdec + Tinc)/2 ~ A AL
D iee = (Tdec — Tine)/2 ELTKDONB, cHBEHHEORTH ML 2T}
KEWE= VT EVA VBREZ VTOEENR SN, cHIDRIDIZK 1
T TKTcHOR Y ICHEGAREIEIEZD ab EmAE M ML Y &40
WMV 2R T, MEDWNRRERDO M AW RRIAT S ML 7 IZ&HE Y
ZUTE=IRENE, FIELUTH# MV 7 I8NV EESNEN S, ML
PEHIRILVF-—DHEMIPTHY, BMRETIZE > THUREROHHMHNH
HIXIVF-BNHNEITHO, EVIEDFLELUTIERTEEBRTE S,

(3) B=EOETGH
HEBEEEORTHRYREZTD 2RTHH 50 B—MBHHEERFD
LR DODRBVENTH S LEmEREMDI LB LOoNTE, LU,
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ENRBREROBLEERIA NN 7O c MBI aMEGbMTE LR
Y, CORFSRTEFUINXEMNTH S ENHSNITIE - 72[2],

K212 ab AIND 5 DDELZEITHT S c MEH A EHE London
ETIWVTHEN LB ETRRIFA—Fy. %2R Lice 2OT—FITHLTER
BEEFNVEABER LUAMEAIR/ S5 A — 5 veq = \/Mmefm, = 744 £0.25 |
Yeb = v/Mefmy = 879 £ 0.21 , EWRRFHE S A — 5 Bya = /ma/ms =
Veb/Vea = 1.18 £ 0.05 LFFMHi L7ze cBOE D ICHG A M X EicE D ab
ARV By >1 EBE LT,

(4) WIRpEEE

BEBEEAOMAETRARBOUSHKOBHRIEELMETH 5,
Welp & [3]i & 3BALDRS, Schilling & [4]ic & 3 H#IC & 3BEDOHIEIR
—REB E LT ORREFRIRER QLA HRMITR L, ZOMER
HREDORBTOABHEIINSEXINTS, LML, BRI TU LEDA
IBEINTHY., BEOFRHPIBREDIHEINTW, —H. E—=27%
RIEKwok GBI L DY A UHWEREEZHEZRITLERINT S, L
L. B4 OHFETO. TTHEEHRTHHIOKTO. 1 KOBWEEHHT
X1 DERAERBROERT I END N -T2, TORBIIHY). BRI
HORIRBRBE LTOWERFY 7 b= 7LD BV L LIRS TR
RRCUKEFHETAII LI IBERERERE JOE— 7 HRITKS &
RN TU7[6]o

3121 TR TOMLEERS (FCC) &t % [k il 2
LicERERT, WERE LU TARSEEEREEZIA L TR UK, A[#ET
HWALDORGAM RSN MARFEBICIKS bOLBIRTE S, HHTN
SRAREERERTHRBOL 2y FTRUES ATy MNIHIETEI &
Thbo >Ts X' OE-—TRHEERTDOV T b=V T[6)IXKS DT
HCHBERRETHOENLEZ VI WERET AN ERBL TS EEZEZ SN
%o RiMHBRIIEREROBREAEZ LS KBTS, F 2 ORE THALDOR
ULAM(H =5T) D SBBAS BBEE THEAKRTEH D TlokgE L b,
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Fig. 3. The magnetic torque. 7 of TB#2 as a function of increasing and decreasing
angles 8,;, at 77.3 K in 8 kG. The ¢ axis is chosen as the rotation axis.
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FIG. 2. The mass anisotropy parameter 7., of untwinned FIG. 5. Simultaneous measurements of M., x",x” as functions
YBa,Cu;0, (TF1) in several ¢/ planes. The fitted line fepresents of temperature in the field of 10 kG. The inset shows a sequential
the ' 2<=ﬁ'cc;i_zw.:-mass formula YA 020)=(Yea €05* 65 change in the magnetization and the ac susceptibility as a function
+ ¥ SIn” Gpp)" of temperature.
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FRE@E YBa,Cuz 0, O 2 E— 7 L SHISHTMER

Second Peak and High-Field Vortex Phase Diagram in Untwinned YBa;Cuz0O,

RiIERFE ®EMMFAIER

1. INTRODUCTION

B RBEEARORFIREBOHE
g@m%‘i, YBa2Cu30y "P Bi2Sr2Ca
Cu;0, 7L ETH L OWFIMTDOH, FA
7V — VISBSI IR R - BRI R D
1 RABEB B & 5 & ENVBLIEGL, Bt
HEIL EDEERI S OMIINTE /.

7, Wb (M-H) #igick 33826
— 7 EFREN AR EL, BEAEDOR
(a2 O B R CHIllE T
A0, TOBBEIIOWTEH—HEBRTIE
EAEBHINTUNEIND. YBa,Cuz0, I
BT HIEW R B R & W RERER O
TELE—-J7 BB TSR, FiE
RIWENE V1EDITEZ BRRICONT
DA THbNTEY, EUIEHIPIRNFRT
OHEBRE E— 7R OBRIZ DN T
ZCBAINTHIRU.

—7%, BiEOWEIcLEE, BETEY Y
LD AN EOIEWN & YBa,yCuz O, Bk
ICBNT, IRETEAXINTHED) -
T LW A TDOE— 8RN 10T 2L E
OREHHBICEET A 2 ENHREINT
W5 [1,2]. COE—-7RRIT, BORELR
AR DR SIS HE I DTN D 2 &,
BiySr;CaCuy0, TO#ER DM &
NS, BERRDHBROWRICENTEER
FRNDEEZ LD EMFINTINS.
EHFETE, BUELEVIEDIEFDOIEN
fs YBa,Cuz O, BEERDRALERK 30 T
F THIE L. _

2. EXPERIMENTAL

YBa,Cuz0, BEERIE, (v MY T 3D
ZERWCEN T 75 97 RAETEREX
niz. Boni sz —8ET TR

EERA, AREZ. MMESE

(BRFEA APRH) 24T 5 Z &I X DIENGRE
e L7 [1,3) B0 X3
1x1x0.2mm? BETHY, T.~92K T
HoTc. RILKFE B BHITCRT RS
BB R L 5 —OBRE< Xy
b (15T-SM2) ENA T Y w b=y b
(HM-1a, HM-1b) 2R LT, &K 30T
¥ TOEGREF TORMLAIZE % Hall T
(777477 50 x50 ym) ZHNT
T, AP TIE, BESREIMATIL o
IEATTH A, £/, Hall ZFICLBHIE
#EIE, SQUID BREN (Quantum Design,
H <5.5T) & VSM (Oxford Instruments,
H<14T) ZRNVEREEBELTCTFE
DIENT ERER XN (1]

3. RESULTS AND DISCUSSION

AP THRE T S IEMHEERHT 11Y,
26Y1, 23Y4 OIEIZE VLD I8 EB
EEZohb, 1R T L1, Bkl
BMOBRENIE VIED OB IERET
5. BbHE VLD 23Y4 1E, BV
Wb I DEFMBD K (11Y, 26Y1) &He
NRE 2 E— 7 DEEADKE { RUL B,
T ORI E TRESI N TE /RSN
[4,5] 123K, E— 785 H, (ZEEDHM
EHICHFICBA T 5.

—7, 26Y1 TRR$D H* TE U
7SS TRALDS S BUC A L, B H,
I TREPMNIEEM S 5. Hy, (HKEH
TEEOHME &SI L, BEMTI
BEEFEITHENT ARELRRENET 5.
COEERFEER, ZhE T YBa,Cus0,
IKBWTREINTE LS, B8
DEIL L HIMDEFAER [4], elastic creep
5 plastic creep ~D 7 B AA—/3N— [5] /&
FiE IS EFNVTIHRBAATRETH 5.
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0.2 — e e B B
o 26Y1 T=53K |
i 58K | .
E K] 50 60 70 80 90
= ol 71 K_ T(K)
5
i ) B 2. 11Y OB EHEX. 26Y1 © H*, 23Y4
@ Hpin ZFRER UK.
- (b) .
| PR T S S S N TS ST S
0275 10 20 30
o H(M K738 T Bragg glass - vortex glass ¥

& 1. 3% 23Y4 (a) & 26Y1 (b) @ M-H Hhig.
23Y4 © ¥— 7 H, (SBEOHM &ILITHR
CEAd S, 26Y1 © M-H HBRICIIBETY
VIS U MREREOXRRONS.

Bz, T="71K ORLiiicsbons
i, MBRATIRY Y MU ML
BANERT ZEBE L IEDITO/NINERE
ORBO—D>TH 5. £/, 11Y THREK
YT MT v MYSRMLHEROE S hic
B, EVIEDAPNELLEBIZLI-T
Hy, DS 7 d 2R R o,

213 11Y ORKMARIC 26Y1 & 23Y4
O H* ZEEMA7bDTHD, EVIED
FIENERHE E H*(T) MBS RN
ETAZENDING. 72720, 23Y4 Tk
HHREZS H* DNEHTEIL ), B
B/MEA &AM Hy, EBPISR U
H*(T) i3MEWIZ DO E V IEDIREDN S,
BREOENE VIEDREESITART
HAHlH, BEOHEMIZE H7L Bragg
glass /5 vortex glass IREE~D disorder-
ing transition DB > T A ET HEE
DER 6,7 T H*(T) DRFNTHRETX
5. XHIT, 11Y & 26Y1 TG #(T) &
RHRAE TR DR S md - TR 5
BEEND, BWwSEEERLU T Ertas and
Nelson [7] DETIVERL —HT 5 [1](K
FOER). COERNMS, H* fEDRE

BWGETAEEZSE, EVIEDHDIE
WERT TR S 7 DIREOMESE £ TO
BV TREICIFET A LR LT
W5, A

S IO ORI EFICKRE T 5729,
BRI N/ E VLD LA B
FICEDBALLBAEOEREFHBHFT
H5. ‘
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AU A F 2 BRSHT X D EuBa,Cu0, BIE DB ESME S M EOTk

Effect of Au™ ion irradiation on the superconductive properties and microstructure of EuBa,Cu,0, thin film.

FEt  EEEA BEE aHEE JthkE—

(FTOI] BB REAOBREREE(J)OM LEEN EL, &F, P$HT,
AFRBREZANEATFEBAEICIDIBREIEDSOEBANRL SN TWS, i
KEMVULEOB I XN F—EAF CBHICLDVBEERENCERINEEENER
REEDS, BEREIEDREUTHERICERE R Z &8T5 hTWw32, LaL, ¥
IEDROBAICETIEREZEDIZ DI, 7/ EETORBEEDFDMETDE

THELEV DR EOBEBREASHITHILNEETH .
FHETIE, HBBEE FuBa,Cu0, BEIZDOWT, BRIXNF—ELZS Al 1A
VRHEETY, BRHICK2BEEFE LEGEEOELII DN TRNL-OTHEET S,

(5] MgOI)ERICKIE ANy F U >V ETHER U - EE 300 nm® CEIER A1
EuBa,Cu,0 R (k) gL &) icw L, BHE20 x10° iond/em®2—EF & LT, 24, 85,
208, 300 MeV DAL 1 F 2 BERBH L k. BHIXINF—REABTicEhZhEX
13.5, 105, 45 umD TN I DHRA N ZEBEL T&EIRED, 300 MeVOA A2 ERBFIET
IXNF—2 L EELY. 300 MeV &.24 MeVDAL" 1 F > DOREIZIS, 2umTH O R
FORIICHRTHARRENED, BEHINAMT IIITXTHESEZEEL,
MgOERFICLEF->TB B D EEZXSND, BHIIBORLSEE2BEEETTYS
SQUID)ZAWTEIEL =, £z, BREEBEDELEXEEFEXRD)ICEDEIELE.,
SOREBHICEDBA SN EHARMEEZEEMETEMETEM ZHANWTEHRELE,

(#R] Fig. IKJcOBHAIF DLV
F—KFEEERT. @EiIThThEBEHNO F S —
E(Jco) TEB{ELL-EBHBOELXRT, Fluence : 2.0 x 10 jons/em?
Jc/leold, B TRV F—24 MeVTEKXE
(48 x10° Alem’) ERL(K, 0.1 T), BHT % il - 20K
NF—ZFBINT 3 Eic/lcoBBP L=, Tt A - 60K
HH TR IV F—85 MeVEL ETle/lcoD L& 4% \
BREINE, SS5REBEEDEREEDIT, ‘
JcflcoDIBMBNAEL 20T, /ﬂ\ \ -

CDERPS, BHINBOREHIBNWTE % \\\ —
{ERBIEN 5RDOEIcE, BiICkDEAE !f’
ZRU, EE8MVUULETIRINF—D
EEREShE. Chid, 13 BHEickD
EuBa,Cu0, HBEATHELZ(LNEZD, &8
CEEECEEZDESLEDDEEL SR w020 2030

141, (Afem?)
)
L

5, o THETIR, 14 BHRICLDE fon encrgy (MeV)

SIS LA REDNT, XRDRUTEMEZE  Fig.1lon energy dependence of Jc enhance-

HREBRNRD, ment ratio on Eu Ba,Cu,0, films
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EVETROBIRE

Superconductivity in Heavy Electron Systems

REFHE
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Vortex State in High Temperature Superconductors-A Couple of Recent Topics
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EEF, ERIEREE
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Bi-2212 BizE2Hf0OE—- IR
Peak Effect in Bi-2212 Superconductor

S ITERFFRIFER SLTES, FIHEd, KINFEF, ANE
WRARFRFRLERMZER PAER, Tl E—, R

Kyushu Institute of Technology, Teruo Matsushita, Tatsuya Hirano,
Hideyo Yamato and Masaru Kiuchi
University of Tokyo, Yuri Nakayama, Junichi Shimoyama and Kouji Kishio
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Vortex structure in the quasi-classical Eilenberger theory
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Monte Carlo simulation on the flux state of ligh—Tc¢ superconductors
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Vortex state of heavy ion irradiated Bi-2212: Computer simulation Study
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Defect Study along Au-ion Traces in Bi,Sr,CaCu,0, Single Crystal
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ABSTRACT

The defect distribution along the jon traces has been investigated by transmission electron
microscope (TEM) in 230 MeV Au-irradiated Bi,Sr,CaCu,O, single crystal. The results clearly
revealed the changing process of irradiation-induced defect morphology as the incident ions
penetrated the target material and lost their energy gradually. Between two typical irradiation-
induced defect morphologies, amorphous columns and collision cascades, three kinds of transitive
defect morphologies, large-angle-deflected columnar defects, cascade-defect-dotted columnar
defects and ordered cascade defects, have been found. These new types of irradiation-induced defects
predict the existence of new mechanisms in ion-target interaction.

KEYWORDS: Ion irradiation, Superconductor, Irradiation-induced defects, Transmission
electron microscopy, Flux pinning

INTRODUCTION

Large critical current densities (J,) in the presence of magnetic fields are essential to many proposed
applications of the oxide superconductors. In general, J_ is limited by the motion of magnetic flux
lines since this motion causes finite electrical resistance [1,2].To provide suitable pinning sites for the
pinning of magnetic flux, defects have been artificially introduced by ion irradiation [3-6]. Since the
efficiency of irradiation-induced defects in flux pinning strongly depends on their microstructures
and distributions, the morphologic study of such defects becomes the first important step in
clarifying the origin of flux pinning in irradiated superconductors. It is also very important for
understanding the mechanism of ion-target interaction itself. Two typical defect morphologies which
have been observed previously in ion-irradiated materials are parallel columnar defects and
disordered cascade defects [7-9]. The generation mechanisms for these two kinds of defect
morphologies have been well studied. It was thought that the columnar defects were produced by the
irradiation-induced ionization and/or electronic excitation of target atoms and cascade defects by the
elastic collisions between the ions and target atoms. It has been known that these two kinds of defects
were produced by the ions within very different energy regions, but no experimental data could give
a clear description for this point[7,10]. And also it was unclear what kinds of defect morphologies
would appear when the incident ion energy was between the energy to produce parallel columnar
defects and the energy to produce disordered cascade defects. In this study, the continuous
observation of irradiation-induced defects have been carried out along the ion trace in 230 MeV
Au-irradiated Bi,Sr,CaCu,O, crystal using transmission electron microscopy. Three kinds of
transitive defect morphologies have been observed between parallel columnar defects and disordered
cascade defects. The changing process of defect morphology as the penetration depth of incident ions
increased in the target material has been clearly seen. Comparing with the calculation results, the
generation conditions of irradiation-induced defects and the relationship between them have been
analyzed.
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EXPERIMENTAL

The Bi,Sr,CaCu,O, single crystals prepared by the floating zone melting method [11] were cleaved
into thin sheets of about 20 mm thickness along the a-b plane. Parallel to the c-axis, the thin sheets

were irradiated by 230 MeV Au-ions with a dose of 9.7 X 10"° ions/cm? at room temperature using a

Tandem accelerator. For the cross-sectional observation along c-axis direction, the TEM specimens
were obtained by pasting the ion-irradiated samples between silicon pellets, cutting into slices along
the a- or b-axis of the crystal, mechanically polishing and dimpling to ~ 10 pum, and finally ion-
milling them at 3-4 keV with a Gatan low-energy gun. The microstructure of the irradiated samples
along the ion traces was examined with a transmission electron microscope (Topcon EM-002B)
operated at 200 keV. The damage depth profile of Au ions in B1,Sr,CaCu,O, single crystal was
simulated by the extended EDEP-1 code [12]. Comparing the experimental results with the
simulation data, the generation conditions- for various of the irradiation-induced defect
morphologies were analyzed quantitatively.

RESULTS AND DISCUSSION

A series of bright field images were taken along the ion penetration path in 230 MeV Au-irradiated
Bi,S1,CaCu,O, crystal as shown in Fig. 1. Atupper-left corner, there is a schematic drawing which
show the relationship between the ion incident direction and the target crystal orientation. The five

Fig. 1. [100] bright field images of 230 MeV Au-irradiated Bi,Sr,CaCu,O, crystal. Images A-E show
the five kinds of defect morphologies from parallel columnar defects to disordered cascade
defects.

kinds of irradiation-induced defect morphologies from parallel columnar defects to disordered
cascade defects are given by images A-E. Image A shows the microstructure of parallel columnar
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defects, as one kind of typical defect morphology, which has been often observed in various of
ion-irradiated materials. Image E shows another kind of typical defect morphology, disordered
cascade defects. Between these two kinds of defect morphologies, we found three kinds of transitive

defect morphologies, large-angle-deflected columnar defects, cascade-defect-dotted columnar
" defects, and ordered cascade defects. The microstructure of these three kinds of defects are shown by

images B, C, D, respectively.

Figure 2 is a schematic to show the five kinds of
defect morphologies, their depth distribution
areas and the corresponding regions of ion
energy and stopping power for creating them.
The upper part of Fig. 2 shows two curves of
the electronic stopping power and nuclear
stopping power against the ion penetration
depth. The lower part of Fig. 2 is a curve to
show the change of ion energy with the ion
penetration depth. All the curves are calculated
by the EDEP-1 extended code. Combining the
observed results with the calculation data, we
can establish a relationship of the defect
morphology with ion energy and stopping
power in target materials. For Au-irradiated
Bi1,5r,CaCu,0O, crystal in this study, the TEM
observation results confirmed that the existing
region for columnar defect ranged from the
ion-bombarded surface to ~ 7.5 jim deep apart
from the surface. Three kinds of columnar
defect morphologies, pure parallel columnar
defects, lar ge-angle-deflected columnar defects
and cascade-defect-dotted columnar defects,
have been observed one after another. When the
incident ions penetrated to a depth deeper than ~
7.5 pm, only cascade defects can be observed.
Before the appearance of the typical disordered
cascade defects, we found another kind of
cascade defect morphology, ordered cascade
defects. The distribution regions of the depth,
ion residual energy and stopping power for
these five kinds of defect morphologies are
shown in table 1.
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Fig. 2. A schematic showing the five kinds of

defect morphologies. The upper and lower
parts of this figure are the simulation
results calculated by EDEP-1 software.

Table 1. Regions of depth, ion energy and stopping power for producing the five kinds of defect

morphologies
Irradiation-induced Pure Parallel Large-angle-deflected Cascade-defect-dotted Ordered Disordered
Defect Morphology | Columnar Defects Columnar Defects | Columnar Defects Cascade defects Cascade defects
Depth Region Surface ~2 pm 2~7.5pm 5~7.5um 7.5~8.5pm 85~11pum
Au-ion
Residual Energy 230 ~ 170 MeV 170 ~ 50 MeV 100 ~ 50 MeV 50 ~ 36 MeV 36 ~ 10 MeV
Stopping Power 30 ~27 MeV/um 27 ~ 16 MeV/um 22 ~ 16 MeV/um 16 ~ 13 MeV/um 13 ~8 MeV/ium

As we know, the different defect morphology results from the different mechanism of ion-target
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interaction. For the mechanisms to produce the parallel columnar defects and disordered cascade
defects, many previous researches have given a good explanation. In this study, the three new defect
mor phologies should connect with some new mechanisms in ion-target interactions. The large-
angle-deflected columnar defects indicated that there must be some strong nuclear collisions between
incident ions and target atoms to take place in the corresponding energy region of 170 ~ 50 MeV.
The cascade-defect-dotted defects predicted the existence of a alternative energy deposition process
by electronic excitation and nuclear collision. When the ions lose their energy further and electronic
excitation process is not enough to produce visible defects, the cascade-defect-dotted defects will
exist in the form of ordered cascade defects which are the third transitive defect morphology to be
observed in this study.

CONCLUSION

The continuous TEM observation along the ion traces in this study supplied us an effective tool to
understand the complete process of how high-energy ions interact with the target atoms to be stopped.
Three kinds of transitive defect morphologies, large-angle-deflected columnar defects, cascade-
defect-dotted columnar defects and ordered cascade defects, have been found between two typical
defect morphologies, parallel columnar defects and disordered cascade defects, in 230 MeV Au-
irradiated Bi,Sr,CaCu,0, single crystal. These transitive defect morphologies indicate the existence
of some new mechanisms in ion-tar get interaction and the further mechanism study will bring us a
more complete cognizance to the ion irradiation process.

ACKNOWLEDGMENT

This work was partially supported by New Energy and Industrial Technology Development
Organization (NEDO) through International Superconductivity Technology Center (ISTEC).

REFERENCES

1. D. J. Bishop, P. L. Gammel, D. A. Huse, C. A. Murray (1992) Science 255: 165

2. D. A. Huse, M . P. A. Fisher, D. S. Fisher (1992) Nature 358: 553

3. B. Roas , B. Hensel, G. Saemann-Ischenko, L. Schultz (1989) Appl. Phys. Lett. 54: 1051

4. J.R. Thompson, Y. R. Sun, H. R. Kerchner, D. K. Christen, B. C. Sales, B. C. Chakoumakos, A.
D. Marwick, L. Civale, J. O. Thompson (1992) Appl. Phys. Lett. 60: 2306

5. R. C. Budhani, Y. Zhu, M. Suenaga (1992) Appl. Phys. Lett. 61: 985

6. J. A. Cutro, D. A. Rudman, T. P. Orlando, R. B. Van Dover, L. F. Schneemeyer, A. E. White, E.
M. Gyorgy, J. V. Waszczak, R. J. Felder (1993) Appl. Phys. Lett. 62: 759

7. M. Toulemonde, S. Bouffard, F. Studer (1994) Nucl. Instr. and Meth. B 91: 108

8. W. L. Zhou, Y. Sasaki, Y. Ikuhara (1994) Physica C 234: 323

9. M. A. Kirk (1993) Cryogenics 33: 235

10. Hensel , B. Roas, S. Henke, R. Hopfengirtner, M. Lippert, J. P. Strobel, M. Vildic, G.
Saemann-Ischenko, S. Klaumiinzer (1990) Phys. Rev. B 42: 4135

11. Y. Kubo , K. Michishita, Y. Higashida, M. Mizuno, H Yokoyama, N. Shimizu, E. Inuki, N.
Kurada, H. Yoshita (1989) Jpn. J. Appl. Phys. 28: L606

12. T. Aruga, K. Nakata, S. Takamura (1988) Nucl. Instr. and Meth. in Phys. Res. B33: 748



JAERI—Review 98—008

W/Si SEBIEIZE 3 EEE vortex O
size HR EXRITTY O RF—/\—

Size effect and dimensional crossover on thermaly excited vortex in a-W/Si multilayers
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Observation of correlated vortex motion arround a vortex glass transition in YBa;Cu;307.; films
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(The pinning properties in Ag-Cu alloy sheathed Bi-2223 tapes)
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Bi-2223 {2 BT 2RO EI R

(The Effect of the Silver Diffusion in Bi-2223 Compound)
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PLEDEERND, Ta<b00°COIER T =— A THERIRIEERIC LY 7 LA VRICES
BLERNRS VA VHIHERZADD I L TCHBEESME 2N ELEIETEY, FiZ
Ta>500COB/RT =— NV TIREERIZEY LA VHOBREEZHELTLE D
O BEEFEE SIS E VB EEZL NS,
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10? T : T : 1
o 400°C ¢
i —— A exp(-X2/4D t)+A2exp(-A3X°/5)'
Z 10'} ——— A exp(-X2/4D 1) { € 1o
-g. .......... Azexp(_Aaxﬂ/S) E _Z
[ [
=z 1 &
> 10°F i =1 o 700°C
g g = P, exp(-X2/D }+P,exp(- P3x°/5)
8 9 —x2
2 2 P, exp(-X /D/vs) ]
% E % E B pzexp(_paxﬁ ) E
- @] ~ | ®b) ]
10—2 2 1 N 1 " 1 L 1 " 10-2 M 1 L 1 s 1 : 1 A
0.0 10 20 30 40 50 0.0 02 04 06 08 1.0
X2 (x10 cnd) X2 (x10%cm?)

X1 SOBAT T 7 AV, (a)&bIiTEIEN T=400C, 700°CTT =— L7
YU TNEBITIRRERLTND,

K1 T4 9T 4V TNRFGA—F— (A, Asand As). EIEEEH# D,. Le Claire
factor B .

Ty (°C) A, D.(cm®/s) A, As(cm™ ) B
400 17 1.23 X107 84 12000 49 667
450 18 1.60X 107" 82 4800 17.809
500 40 5.58 X107 62 6200 3.271
550 14 5.96 X107 95 3800 0.690
600 1 4.09x10™" 100 3700 0.106
700 17 1.09 X 10” 80 4100 0.003
800 63 2.15X10° 43 1000 0.002

—8— 400°C
—0— 450°C
—e— 500°C |
—O— 550°C
—A— 600°C 1
—A— 700°C
—w— 800°C

- 1 i 1 2 A " 1 n
60 80 100 120 140 160 180 200 100 1000

T(K) Magnetic field (G)
K2 mENEREQE)DBREEKFE X3 77.3K 2Bt % Magnetic Jc @
BESB KT
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Nb/GeZ IR Ic BT 5 BR-ERFE L BEERFNT
Transport Property and Superconductivity in Nb/Ge Multilayers
FERETHE EHBRE—. WARHNE, BE5E—

EEBBEERIIEREEL L DBOE AR - o BmEKT
HBEIEPHONTEY. RORITH: &BEEEE L OBERIZONT
BN ENTHONT NS, LI LEDNS, BEBIBIEEAETITEE
EZL-Cu-OEMOEE~ EZRMNICEIIEE I LR TH S, T
I} UBaE 1k dh 52 NIBLEE BrESR LW - IBEERR -7
ZEBIEBRECPECESERBOERAZEZ S EICL - THRIzEER
DAy LYV v TDOBIELERKEONCEACIEE I ENHEKS E0 D FIE%
FoTinbd, TZTHAIINDEGeLTEE LB EIEAERK LGeDERE
EEALZIE D I EIC L D RORIH BB & OB EE RIERICH
NTW5, SHEIRICRSEESEICEE U, ROKRITH EBIED S
XOMBIZOWTEHRET 5,

HEHINDDREEDNS0 A DRBEHEE L HBEEDCeE (20~1004)
N UTHERB LI-Nb/GeBM0FHOZBEAZER L, HEDIERK
BEFE-LEZBELERHOTHERER LICES Uic, BIEEZEET2 X
10 torr, BEEFDOEZEREII1 ~2 X107 torr ThH 3, ERELIZTRE LN
AEETH B, IZBEORHEEIEAEDOXREIITICZ X » THER
Utzo BEENICTHESAFEICEHIIM U2EE S BTICEM U IZEE8iIc 2T
B4 TIEOBEKEEARIE U,

Nb/ Ge/n50/50 A DEBHI I 1T A2 FEIZENI U 72 35& & 4TI
ERiN U7cBE& O RENR1(a) &E(b) TH B, BEATEICEHM UGS
KHEWTHERISEBEEATRONS LI T o — FRIERSH T
HBDITH U FITICEM U783 s Y »— 7 Th Y 6 TORSIC
BOTHERIERINT, /o, BEEABEmIEHTICEM LSS0
EEEE RBEEH & (Heo) A BIMALIRE (T/ T It LT ay L7
DINK2TH B, Hoold T/ ToiTHBALTHNBE ENS L DIZ. L UAT/ T,
D1/ 2FICHH L TNE I ENSRBHIBE - RTHTRSFENAE LTH
5HDEEZ N5,

R ICEE SRS R TG LM U xR F o7
ZDMBINIEHE LT, Nb/Ged50/50 ADREEIZEHIT 54 2KTDEE
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RAEKSIIRT, BEZHMTA2ARICL VKR I T 7 7V ADIRS
BOIIEFHEND L ENb) S, BEISFETICRE AN L7254,
FEEBEGICHEXEK I V77V REZDEDOBBHSNITNI N, Fio,
FEESFICEONTIETICNEENES IVEOESHEE T UM BRI N
T, FO®IZ EICMNOBERIEEN TN S, TR LI TR TS
WS XTI R oS, TOXHICEFHDOR SIS
AVY T VADRERE _IRTROF[RAENR EBIRED S XDFIE

(Aslamazov-Larkinl§. Maki-Thompsonlf) O&FH#IEDOEHRAE HIT.
BFOIEHEEELREME (to) 274 9T 4 VI RNF A5 ELUTHIT%E
HAHTo FRESNRIZIOVWTIRAY V- BEHEEEANEFE LT3 )
DELT. ZOBMEEA8Xx10 seck LTEHE2ITo72[1]. K412
4 2Kk B EEICERE L EEHF TOND/ GeAs50/50 A DEEHI BT
LIRNTRERATR T, HEBEHENESICENTRETS 749 T2 EMN
bbb, ZOEDTODMIZS X10 *secTH -7, = DfEIINDEE T
SNTWBRER(]EA—F—HIZIIFBELEL, T, RHEOEREMN
Nb/ GeA50/ 100 ADFAITE T HESN TN S, I HIT. ZOEE
IZDNWTERELSBEEY S XMRAERSFNISRAXTA S EBREY S
XOMENTENTH B I Ehbh-7z,

GeDREENRL 2NN T 2 ABEmMICEBEICEIM LB ED
WMKav 7y VADERNRSTH S, MBALEEIRLT/ Te=1.4TH
%5, GelREDHE VI --THRKI VI 7 F VADOKRKEZIDNEDL L TH
AEMIZH B, THITBEEY S EORTHENE _IRTTHISIRS FEOD
L=ZIRTGHIEEDANEY T PLTNE D EZZ SN B,

YHIZCREDERL LRI B AUK I VY 7 7V RITODNTH#
W LUICERAERIRET HTFETH S,

(B8 3CHD
[1]M.Hikita,Y.Tajima,T.Tamamura,Phys.Rev.B42(1990)118
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N b B{tYREEEKICONT

(Present Status on Reduced Niobates Superconductors)

BoF BEBTRE BEMEEERE dHEX

B

=7 7 (Nb) 35 b BB E L TTFR(ND, NbC, NbN, NbSe,. NbaGe(Sn) i) ) T Y .
HRB{LYEEBARORELEE FRARBILYBERLOEHLE#HO—ELT
N b BILHMROBFENRTONTE T, T TClr. FOFERORKE, KESATIC
FERESHTHRELELHTHS,

REEFTHRESh T3 ELNDRIEDREEE R

No R(E) T (KD Eiyil)ia
@D  La(Sr).Nb0,(1989) ~250K ?
@  LixNbD.(X=0.4-5) ~ 6K O

(Geselbracht, et al. 1990)

@ (Na. K)beOz(X=0. 4—5) 6~8K ?

(1991)
@ Sr(Nd)Nb,0s-x(1990) 11. 5K NbC 7
® (Ca, Sr),Nb,.x0,(1994) 8.2-9. 4K Nb ?
® BaNb0 x(1994) 20-22K NbN 72
@ LifHAKCa,Nbs0;,(1996) ~ 6K O or A

LS Ic. BEFTSEHINTNI3DIE @ LixNb0,(X=0.4-5)(Tc=6K)
DHTHY., STHBESGNTW L, CICIR. EENEEHEC)ESL
T30, ©®. QOBRICOVWTOFDHRDEADKREETAL(HET S,
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SRR : SrTiOs:Nb LICHBR L7c Nd-BYis DA 4 » E— LR
(¥(XREH): RBS/Channeling Analysis of Superconducting Nd-Oxide Film on SrTiO;:Nb

BEE . B -EE A ¥ UEREL. TR B, wiE—T
BTk - THEF JIIBHT). 2BEE

BREES .

Nb % EE & & TEE(E U7z SITiOs : 1 %Nb BR&ER Eic L —4—7 7 L~ 3 VEFAL
T NdBa,Cu;Or. R A 1531 L(850°C, PO,= 600 mTor, 2.5 ¥em®), RBS/PIXE/ F+ XY v ¥tk
IC& ) BB RRUEEBROSRFHENTET - FiZ, EEFRRTOHT + RV V/OBE
BP_REFREOBERFHEZME LT, BEEAA=XLOZEDO—B LI ABMETT > 12,

SrTi0;:1%Nb BE#REROBITICE W TiE. B¥ O RBS 5 TRPETE L VI IBKETF%
HRNT A EOHEEL D, PIXE/F v+ 3 U 7VEEFIB LT F—7 U7o Nb S BHESEBTFEK
T3 Sr DHERFNEINCHET BHEAT e TORER. 0.5-1%Nb ZEEXHE 5 & SITi0; iF
FERE 2HMLEEE 34N Nb BFOSEUEII<100>8IcEH/ S HFEICS vy AllTh3, —
5 Sr DRFINCIZZ DHEIIFEERATEN PO 572, T ORBESERRITRAEZ. Nb
THPBANFENZOE IKEFABOBFREEFELTNE I EEFTRL TS,

NdBa,Cuz Oy BS U IR S B Z OBFTICE N TIZ. 2MeV *He 1 4 Vi2 & 3 CEH(<001>)
F o R U IERET O Nd &) OFSEHRIC LT, HER OBERFHA 300K-70K ORE
FETHE Ul BONTITRBS/F + R U VT ARY FIVITRIOEIC. <001>8F + R Y V27U
BES VT LRBEDOHIINE (L a2 7%ICET BIEFISERHDORWERTH S, FEHIC
AHEDF v Y V7 ARY MLOBEFHENE DDA SITiOs: 1%Nb ZEAE s & by
KESLTAToIEY F Y v VEE L TOARFIBFRENS, OO TciZ 100K THD .
FEBETEFEEIHN 20 MRE UETF v+ 2 U VIV EEADRIEET o7 MF + 11U 7D
EAD 2 EDOEFWHM)IE. 300K T 1.82 ETH B 70K ETTF -7 T 239 EE T
Bo ZDEAII<OOI>FHIEE L HPMANDOBIRTHOFSIIL D D TH S KRR TIT. Bz
EREREFETORES LEbORREEITE D -7,

FroEROF v R Y U TKRR
L2 A—RET. EEEETD
A A4 D—EREIMRETE 5%
HTTIE LT 2RETFDARY
MLDIREARFHEDOREEFT - 72,
CITHR. FyaU UTRICER
Licd VT LB E 2 RBF AN
JhoX—sEERALIL, B
KHBE T2 REFREICELT
KERBEMLED SNz, TRIKT
i BEEER LMET B LI o
BT, SRREERENE T e i
DELDLE. HEEEETTO ENERGY (MeV)
KREITHITETH 5,

i T 1 l } { Ll T [ T 14 ¥ T [ T ¥ T T

3000

IR T V% U N TN NN U WS NN N WY NN N N
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HIEEE BAERICBIT 51 ReE

(HXEH) Vortex Core Structure in Quantum Limit
R ML KE)E  ETE—R. THER. MKEEZ. BEath
1. il

SRR ITHERBLEEEORREZE R E L . AEBREFOEGREOHFEDH
257, HRHOBEEEDOHFHRBIZDONTS., ERM. BROLIENBEORBRAICILE
NDEDTRH>TEZ. 1970 F TORE_ERzEADOHF I Fetter & Hohenberg[ 1]
KE>TlLEa—ENTWaAH, HEMBEIC/Z> Thwbclean R TOESREIZDNT
WRARKBANEAT RV AZA> TEL. 4K, TITERMOASHTHIRNN
Eilenberger IZ X A¥EHMALUCE D <HRIFERELDDH -, LLLENLE. &SR
BLRERENES X T oA L3 HERENITH > ZNRREOHFRIIKRERESD
BWEFHECES TV, FHEBETIHIDRIE TSI 70EE L TNUTE DD DR
TRIEDENIABED—HEZFIEBER TORTFBRICBITA2HRERBIZEREHTT
B OMAREPLNITLTRNTS.

2. Bogoliubov-de Gennes Bz

BICHEE NI REO RN F M OBEBEN R A TS 2EBEBEFEEEND. 20
BRIIRERFR DT ENTA—S—2krE FHBER E=vE/T A) LT HEBET HTc/kE
UTICR5BESTHD. Tk VP BRO7 VI (FE) THh5. BEE
GEATIEIKFEZ 1 BETHHIO TR ENVEERTRTEEICR> TS EBbh 5.
BEOBGEATHREBERIIR 3 LB THRNEEIRS. TOHE LI OHES B
WBaEsE L. BFHEZEE L /=Bogoliubov-deGennes R ZBEIC T 2L ENDH 5.
ZDOHERIIGygi&Schluter[2)ic &> TEHMISEDBEITDNTHENMTNEN, BT
BRZ TSI L ThRh - . RAETEBEBGCEADBOMEDERIZEAS. £/
RILDEBEMOBREBLFEREEE 2 T, GygikSchluterdifs Z KB IR L BT
PR TR Z R/~

3. BTHFTORNRKE .

LW OH A IZBogoliubov-de Gennes R W H#ER 2L TIRT(3] . K1
WBRLED OXNBEROEMBELDO KT ERLE. BORMBBIEND & | MREET LS
BIZNELS B> TWA I Ebn s, F/-. FEROEFMEITEBRITARS EHEPONSG,
1/kri2E D5 TIRE L 72485 (Friedel oscillation). B4 20ONKEMTHS. THiZ
Ho TRPLADOBECEBRS £/-EFEHJTS (K2) . FAKICREBOZERAE{LER
L7z, ZRICRERHERZEA B0, BOFHABIEND £ | OREELLZ EDNDKF
EDMEIZMLTREIIZRLE (EMhSkre=1.2,2,4,16T&H5). Tc/kr £ BEDIRBELLT
THIREEONMBE(I N EKramer-PeschHR EWIAINTLEF D BTFHROEDIZI/KFIEED
RED—EEICELEES.
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M4 iR L ZDRBHROHEDRFREEEOKTTHS. FEOZER (1) AXRZ B
)V Dparticle-hole FHHUATHEN TNB ZE. (2) BPOLTORIMREFEIIEHEICH
U Tldparticle ilic U MRENREE LIZNWT &, (3) EMDOBBILORTFNLI SN S
Z& ENEITLoNS.

4. FRkoREHE

DERTERLDIC, BSHEDRETFER TORKE > EREIE I —BBEKTH .,
BEOBCEATHEBICITNEHEATES. BEEAORNTBOBBEMIPFITBNT,
BENRBEENE . GLER TIH2Ha LEMEIN T WA A, Kramer-Pesch¥ R TF
NEDEKREBOTVBETFHEREINDN, ERICTEESI B> TWENHEKDbENS &
IATHS. DX RBOMEEHRITZFOBRHIEEIE> ThX 50 MMM R
Mmoo TEWn, ERMEZEENTTEL TR, ¥HH#HEilenbergerBEsR 0.
Bogoliubov-de GennesHi@m B &SI U THEVLWSTNIE LW, ULHLERICDOWTI.
BFETIVIINC LT, E5EETET I OREHRIsEUN ORFRENESHIET M E
WOERKZBBOBRENEK D TS, ERNABEEL TIIEER S > XIVEME
(STM) OEBTOEBNAZCEDBEETNS. BEOKSTROBHEICKIILTWS
DIENDbSe 2z, YBCO,BorocarbideD =D D RIZT Elnly. Bk — )V RERL E DR TRB)
BE7O0-TLTWAYEROBITOFELND. £, JITRANEM oM, RETF
IS B R TEIRFERD. I 2 vhEFAL CRGIHRERICH HRENERBHFT
E5DT. BHOEREZBFEATFTHERERNEENS.

2 E Xk

[1] A.L. Fetter and P.C.Hohenberg, Superconductivity, ed.R.D.Parks (Marcel
Dekker, NY, 1968) Chap.14

[2] M. Gygiand M. Schluter, Phys. Rev. B43 (1991) 7609.

[3] N. Hayashi, T. Isoshima, M. Ichiokaand K. Machida, preprint.
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EBEBEAR ) s mEx

® 1 SIEABAIEL X UBIHHE %2 SIEHAINBEA &5 SIS
B’ % T 5 E e 5 &8 ¥:oR%E i &
& (A - b m 4, B, B | min, h, d 100 £ 7 ¥ E
" B|+o0s75 4 kg B, &, B| °, ", " 1t ~ g P
ﬁ Fﬁﬁ fﬁb s ) o |l L 1012 5 5 T
[ w7 v =7 A + vt 10° | & H G
BARERE (7 v © ¥ K BEEANL | oV 10° | £ X M
m A B’|= v mol ETEREBA | u 10° ES =] k
b7 Eir v F 5 ed 102 ~ 7 b h
T ® B|7 v 7 v | rad 1eV=1.60218x 10-'9J 0|7 A da
I K B|2FIIT | sr 1 u=1.66054x 10" kg |l F v 4
i 1072 ® vV F c
107¢ N 1 m
%3 EHEOLHE b SIAT M 0o | =420 u
=4 SIEIEEMIIC »
- 10 + / n
& 5w |es | BRSIEL S B Bk ol e a| b
5} i #Hl~ » vl Hz st % W iL 5 107 7240 f
7 Za-tv| N | mkes AvIAbD—a A L0 P A a
E h ., B Al 2 A | Pa| N 3 - > b .
ik HE BE |V 2 - A J | Nm P ()
TR, BWEER|7 v F| W] Js # W Gal 1 #&1—513 [ERBLAR] H6 R ER
BLAR, B&FH|7 — o ¥| C A-s * a2 Yy - Ci ER®E 1985 FHITIcL 3, 72751, 1eV
|hy, B|E, BN | £ o | V| W/A P N 2 R HLU 1 udiEiZ CODATA @ 1986 4EH#E3
w8 & B)7 ., 7K F OV 7 k| rad MBI & > 12
E S B i - ] Q V/A v A rem N
av Sy VvR|T-2vZR| S A/V 2. FA4KBEBE /ob, Tow, AP
B # v = — | wh| Vs 1 A=0.1nm=10""m THEBENTLIHERORMBOTE
® O®E % E|F¥ 2 5] T | Wb/m’ 1 b=100 fm?=10-2% m? ZTIHEBEL I
~ > ~ ~ —_— 3 3 B
4 v 57 VR :/ 2~ / ! E‘I Wh/A 1 bar=0.1 MPa=10°Pa 3. barid, JISTHREGEOEAEEDHTE
tr v o 2BE |ervorE] C { Gal=1 cm/s?=10-*m/s® BRBHHR2OHF T —BFIhTO
3 Winv — X v Im cd-sr %
2 1 Ci=3.7x10"° B °
" v 7 2 x| Im/m ' o 4 ECEMEFAIES T bar, barnbd
® & te|l~ 2 L | B ~1 1 R=2.58x10"*C/kg N .
" a | s . U MMEDHRE ] mmHg 2%2045 37
% X & &l L 4] Gy | Jike 1rad=1cGy=10"*Gy CRARTOS
# B % BRjvy-—-~Xwnmph| Sy J/ke l1rem=1cSv=10"?Sv °
#® k=3 E.
711 N(=10%dyn) kgf Ibf FE | MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 411 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
5 E 1Pa-s(N-s/m?)=10P(£7 X) (g/{cm-s)) 1.33322 x 107" | 1.35951 x 107® | 1.31579 x 10~* 1 1.93368 x 10°?
BHE  1m?/s=10*St(R b — 7 2) (cm?¥/s) 6.89476 x 107° | 7.03070 x 10~* | 6.80460 x 1072 51.7149 1
x| J(=10"erg) “kgfom kW+ h cal (tBH:) Btu ft » Ibf eV 1cal = 4.18605 J (FHRH:)
p-3
ﬁ; 1 0101972 | 277778 x 107 | 0238889 | 9.47813x 107 0.787562 | 6.24150 x 10*¢ =4.1840  (ELE)
] 9.80665 1 272407 x 107 | 2.34270 9.29487x 1073 7.23301 6.12082% 101 =4.185J (15°C)
% 3.6x10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 265522 x 10° | 2.24694 x 1623 =4.1868 J (EBEE R
M 4.18605 0.426858 | 1.16279 x 10™¢ 1 3.96759 x 107? 3.08747 261272%10°  HHE | PS (LEH)
i 1055.06 107.586 2.93072x107¢ | 252.042 1 778.172 6.58515 x 102 =175 kgf-m/s
1.35582 0.138255 | 376616 x 107 |  0.323890 | 1.28506 x 10~* 1 8.46233 x 10 = 735.499 W
1.60218 x 107*° | 1.63377 x 10-2°| 4.45050 x 10-2¢| 3.82743 x 10~ | 1.51857 x 10722 1.18171 x 10~** 1
i+ 4 Bq Ci 3 Gy rad " Clkg R B Sv rem
5 1% & a
1 270270 x 10! & 1 100 & 1 3876 u 1 100
i " i# it
3.7 x 10% 1 0.01 1 2.58 x 107 1 0.01 1

(864 12 A 26 HEIE)
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