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Mechanisms of the flux pinning in RE123 superconductors with precisely controlled
chemical composition

HK- L.

L A, R, Tl E—
WAL - 40t Yeng

Y. Ishii', H. Ogino', J. Shimoyama' and S. Awaji*
" University of Tokyo
? Institute for Materials Research, Tohoku University

1. LIz

FHHUC L D ENREE, F-mBES LT 5
PR D B IERIT 2RV INEERNT b i 2 %8 5 AT RE
VN o T2 R A AR D U T2 @B AR SRR O MR L e FH B %
NS HILTWD— 5T, WBEREREIREE DK
KETH B S ETRFEV) DR 2 i EEFREO
=D Lo TND, BREEA~OWERI RN
WONEALERCLT, RO IEHTHD |
WEAEE (B~ nm) & RIFEE DR E S 2 FFORR E
YOBANJ N EICR B A TH D EEZHRTY
Do

ARSI LB SR & L CRRFOHED i

TV 5REI123 (REBa,Cu;0,; RE=Y, La, Nd, Sm, Eu, Gd,

Dy, Ho, Er, Tm, Yb, Lu)iZ, 90 KL EO&EWT.2HF T
— 5T, MABOKRZEEZRTHETCHLaE—L
VXE%@%K@V@hmkb\:ﬂ%@ﬁﬂﬁﬂ

WZEBWTE, T /A RO OBANRERLE RS,
AW TIZTZNETIC, FFLULTOr=r 7t
U —DEAEERF L CE T2, FTOME., REI23
DA BJE YA MIZSr, Fe, Co, Ga & Vo 7= Rfilidy)
BBICHZ 1%L TOFMERE T N—745Z &1
LoT, ZNODOFEENPHRYE Y & LTlix, B
HFCOINRBINC ERT2 2 2B 6L TE
72[1,2] LasL7e3 6, BRSO 70 E b ik
BICHA R = T X —a G, THOE WG
FHRTOBIRZ V—7RNHENZ OMEIZB W, J,
IS IERIIZETHY . NG L{HL2OE
VOBEFY = T N OIRERIENED . JOEERRLF
PEC 5 2 2 B3+ B ST ey, ekl

Tix, BIEEMR T TlEA A ERo+0/hERY

2BV T HY,,Bay, Cus0, TH SN 5 4B R E btk

FORTZENRE SN TWA[3]Z &5, REI23OD
MERRFHCIIAS S RIS A A 72 UK R v

WX BEFEE = 7 OMWE & BfRT 5 Z L BNEE
T%@

% Z TARMZE T, Bath A b ~DOGdE #afEik Iz X
D e DablC AL FI0 nmiEED KRE SO %
el &2 b HYGAI23EER & FEM e 0
RKEEINab—L I ARELD/NENWEEZEZSNDSr
BELUCo F—7 LIZYI123HfE G2, 512 vy, 4
fese T =— NV EAT> CTIRFR KB EAW S L7IzilEHT
DWTCEMN Y = 7 5 E(F, = JxB)DIRE - 1%
SHARTEE 2 51l L7, S BICF,OREERFEIZ OV
T, = RV X —HAEERICE SN THERZEEY =

T IR DUIERSEARTFIEZ AR L. FEBRRER & el L7e,

2. Fhr

BaZrO; a2 HW/-H 7 7 v 7 AEIT LD ZE
AT Y123 HifESL & Gd123 SR A BER L2, Sr
BLIOWCo F—7 L7 Y123 HfEico>\WTid. 5
MLOENLEFTERRNM LT T v 7 A% HWT
BB AT o 72, Y123, Gd123 HfEf IO\ TE
NEh., 500~375°C, 400~300°C TEEHET =—/L %
1To7, BEREMEIT SQUID BiHFH< 5 IR LW
VSM(<27 THWZ L % H/l e \ZB 1 HRHAGIIE D B 3
L7,

3. FEFRLEBL

TERL L 72 SR IX V3 d 90 K LA EO@EW T, &
BB EEEB 2R L, 350°C TV =—/ L7
undoped Y123, Sr-doped Y123, Co-doped Y123, F 7
300°C T7 =—/L L7= Gd123 Hftih D T(onset)lE<
NFEN91.9,90.6,91.6,933K 2oz, £/-7=—/
BB 5 T, OB I 375°C B LW
300°C T7 =—/L L7= Y123, Gd123 HfEfidF+v U

25 T T T T T T T T T T T T T T

[ 3T 50
[ Hilc ~ 40}
20_‘ < 1
(32
E15— -
Z 3 80 1
(D L 4
LLQ-'IO_- A

5 | ——undoped

- —— Sr-doped }Y123
r —— Co-doped

| —e—undoped Gd123

0 L 1 L 1 L 1 " 1 L 1 L I
20 40 60 80

T/IK
Fig. 1 Temperature dependences of F}, at 3 T for
impurity doped Y123 and Gd123 single crystals
annealed at 375°C and 300°C, respectively. The inset
shows the F(T)/F(77 K) versus T at 3 T for these
crystals.
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Fig. 2 Hy, for the undoped, Sr-doped and

Co-doped Y123 single crystals and Gd123 single
crystal plotted against the normalized temperature
t (=T/T,). The inset shows the zoom near 7.
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Fig. 3 Elementary pinning force arising from the
condensation energy interaction. (a) Disk-shaped
normal conducting pinning site with diameter
D[nm] (D >> 2&,) and height d = 1 [nm]. (b)
Small normal conducting sphere with diameter
Dnm](D << 2&u).
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Fig. 4 ¢ dependence of the normalized elementary
pinning force, f(f) / f,(0), calculated from the
condensation energy interaction for disk-shaped
pin (D>>¢&,,, d = 1 nm) and the spherical pin (D =
1 nm).
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