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Fig. 1. Equivalent widths characterized for short samples slit
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(77 K) FIZB W Th S WBRE R EZ G 35720 | FrCHIRE
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EDRREETHY, EOT2D O BRI EEL T, OY/RE #
e, @x VT IS RO L), @fMmiEom Eid
%, YRE BEH#ICEALTIZ. Y O —#% Gd [c@E#Li-
Y 0.77Gdg 23Ba;Cfu307.5(YGABCO)#FT 23 YBCO SAF 1T b~
BB EAEENGLNDEMEIN TS, L1l
YBCO 44 DIzt 7 = — VG (7 = — VIR JE:500 °C. fRFF
B3 BRI IXA DM E N TV D2 YGABCO 44 D i 7
= VAT BUR TS CEN TR,

FITCAWRTIEL Y O—H % Gd IZEHLL 72(YGdBCO)
WM EERIL, IRE T =— VIRFEE 300 °C~500 °C L% T
Bl ER T =— VR ERFI L,
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AHFFETIX, YGABCO #pf DIERL S &L T TFA-MOD
% V-, ¥EHE(Y 1 Gd:Ba: Cu=0.77:0.23:2:3) % AL [
L7 HtR BB AT ATV ARG, ABEZITOZ I, BIR
WRE G ST, ARBER OIERIE 0.508 [um] TdhD,

YGABCO #bf DligE 7 = — /L IFOLRFFEFR 1% 3 T &L .,
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M Ot SR BRERE T TN X R EINTE, U
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HERTIX, BET=— VIBEOE LR MM, BiE
B SRR T TR BT O W TH RN i
2o

— 169 —

optimum T, for TFA-MOD YBCO
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Effect of chlorine doping on flux pinning properties of FF-MOD Y123 thin films
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1. Introduction

The chemical solution process is one of the promising
methods to synthesize REBa,Cu;0, (RE123) thin films because
of the relatively low production cost. In particular, the metal
organic decomposition (MOD) method using trifluoroacetate
(TFA) solution has been extensively studied and developed thus
far.  Although fluorine-free MOD (FF-MOD) has advanta-
geous points, such as simple chemical reaction and fast crystal-
lization of RE123, resulting RE123 films show poor critical
current properties in magnetic fields due to high crystallinity
without effective pinning centers. In addition, very few stud-
ies have succeeded in introduction of effective pinning sites in
the FF-MOD RE123 films. Based on the background, we
have attempted to improve flux pinning properties of FF-MOD
Y123 films by doping of chlorine which forms oxychloride in
Y123 crystals.
2. Experimental

Raw Y123 films were formed on 10 mmx10 mmx0.5 mm'’
SrTiO; (100) single crystal substrates by spin-coating of acety-
lacetonate-based solutions [1] with nominal compositions of
YBay,,Cusz3,Cly, (x = 0~0.05). The coating and heating for
decarbonation at ~500°C in flowing oxygen were repeated for
three times and chlorine was doped only in the second layer by
addition of dilute hydrochloric acid. Films were sintered in
the tube furnace at 800°C in the flowing O,/Ar gas with Pg,
~10 Pa, and finally annealed at 450°C in flowing oxygen.
Crystallinity and constituent phases of the Y123 films were
investigated by the X-ray diffraction method. Microstructures
of the surface were observed by SEM. Magnetization proper-
ties were measured by a SQUID magnetometer and J. was
estimated by using the extended Bean model.
3. Results and discussion

The surface XRD measurement revealed the generation of
c-axis aligned Ba,Cu30,4Cl, in chlorine doped Y123 thin films
(Fig. 1). It should be noted that coexistence of Ba,Cu;04Cl,
particles did not degrade the crystallinity of Y123 probably due
to small lattice mismatch between them. The size of
Ba,Cu304Cl, precipitates was a few pum as shown in Fig.2.
The chlorine doped Y123 films exhibited improved J, in mag-
netic fields. Figure 3 shows the J.-H curves of the Y123 films
with x =0, 0.025 and 0.05 in the second layer. J; of the chlorine
doped Y123 films reached ~0.1 MA/cm? (77 K, 2.2 T) and ~1
MA/cm? (40 K, 4.3 T), while a chlorine-free film exhibited
J~0.1 MA (77K, 1.7 T) and ~1 MA/cm? (40 K, 2.0 T).
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Fig. 1 Surface XRD pattern of a chlorine doped Y123 film.

Fig. 2 Surface secondary electron image of the chlorine
doped Y123 film (x = 0.025). Ba,Cu304Cl, crystals are
indicated by dashed lines.
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Fig. 3 J.-H curves of the Y123 films at 77 K and 40 K.
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YBCO #BTEE 7 — 7t O K D 7= lZi, YBCO 77—
B O 2 MERFREO O E S TH S, BIfE, YBCO 7
— MDA TV D NI, Ni-WaBEROMRb v Ic%
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ENTENE, TR OMEIa X M EEETE B,
Fk 2 13 RABITS ¥ (JEJE & 2VLER) (2 & A Zfilfidm L 7=
{100} £ A#AME ({100} <Ovw>) O Fe &)@ 3t oo Vel 23k
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B TIEIES OBULPRIC L 0 A SR ET S, —
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REAT- —RIBTEAE & SR (ZEREALE) D%,
S B SWIBEIE 2 e L7-. #igkDZSfietE Ak %
EBSD (Electron BackScattered Diffraction pattern)
IZX VB L.

2. RERAE

BT 99. 99%0D IS Fe 2 HV M7= M8 11mm X & & 23mm
XJE X 3mm [ZG)H L 72 ARM &2 FH 22T 700C, 1 K[
BB 24T - 1214, IR CHE FRN 80% 72D F THE
NAW KW —RIELER S L=, =Dk, HEZeth, 950°CT
WEGALFR 26 U 7. fligkiX 912°CThee (a k) & fee (y
B L OETRENE X 5. 912°CH 5 1394°C DI E P Tl
fec MEETH DH. S HITE TR b0%I/2 D E TLE /A
WXV TRGTERE A i L7=. SEM-EBSD #5IC X AHEAHL
st Cr, BIERICEBRIEIZLY Fe 7 — 7 ORMEL
HE2ITo72.

3. ERRERLER
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575 T, {100} EICE L Cix {100} <011 >HEOES
AR I LTz, Fig. 2 ICE BBV OfEYE R T L
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FElEc L0, EREEAMB IS L Tz {210),
{310}, {410} [ 5hr7e & ORIE “WRIELE L 0 {100} i )57
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Fig.1 Standard stereograph triangle for the specimen
after first cold-rolling at 80%.
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Fig.2 Standard stereograph triangle for the specimen
annealed at 950°C for 1h after first cold-rolling at 80%.
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Fig.3 Standard stereograph triangle for the specimen after
second cold-rolling at 50%.
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2R EE ] O R[BEEIZ DWW TOREE B I/ ->TIND
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AEHWBEEE L, JFREHZIE Y, Ba BXLTY Cu @
dpm $E{k% thf WA LTIZ B — D77 VIR TR L,
280 CITIRTEN T KALAHT LD A& 38 4 | Ar X VT
AIZEoTHEL, BEZEEREINTZEIET v N —NTlE SR
HALBREESNT-#%, b—F—B IR L —F—BHI2L0 5y
fELC, FEM BT YBCO REL THERES B DV AT K725 T
Wo, fEHLIZL—Y — 3T R R (1.03 um) 25 -0k
GRS RO FEEL —F—ThHD, ERiciE, &RT—7
12 IBAD(ion-beam-assisted deposition)-MgO J& %5 ¢ ¢ F1 ]
J& SRS ATz D A A B s, BRUEHE TR TRk
RRE TR &N, BG4 Table TIZRT,
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TIVETIZ, AR AKX 5 O TENELT
a BHELTE L 72 RIS LR BB A BY , SHICH K5
LAE OB GERICH T2 =4 vy L E) 2 0H 0
PMETRLIR ST ZEN DN T, ZDEE | HOHE
MIZH LT BL OO AlfFE B EFUBHIRE B o eI BIfR 1
PREFSIVTRY (D FY R B O BN 113 L — W — XD
— I FRHMAG B TH D, Figl ), F-EMEL T
7 BD YBCO MMNE RSN TVDZ LY TEM BEIC LVTE
BENTWA, LEER>TL—HF—DEENTEL T, b
E~OHEFEHE M LS EI2HDLDOTiERL, EHIC
YBCO D EFRIZHDHDTHRL, DM T —% EIFHZ
LIZE0EFT e U EREE S, SHIZEWVT RV
F—E AT HIEICL ST EHEROICESREEIND a Th)7
PLCIEe) IVBT BN R EESND ¢ SRR AL i
TDNENRHDLEDZENE 2D,

T2, R LRI RS RS T D L I B AR I, Fex
OF v ABT DIRAR DS, B AR U W ST
—NZhHDZLarmmELTEY, FEEE, AufBM% CVD 7'nt
AT D EIR - m R REE RIS W T RICR S S
RAEHBORRRICH DL L TET LT D8Iy, JFoBHI R
HED T EESGHRHTELZ N DT,

Al JFRMEE REEZ N ETORAETHS 1.0 g/min 7>
LILITHRL, L — W — R = LF — 72 8 O IESE D
WIE b E R /a7 R, Rl KETHD 2.0 g/min £T
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Table I: Typical deposition conditions of YBCO films by
IRL-MOCVD.
Precursors
Solvent
Molar ratio

Y(dpm)s, Ba(dpm)s, Cu(dpm)
tetrahydrofuran (thf)
Y:Ba:Cu=1.0:2.0:3.0

Molarity (total) 0.18 mol/LL
Precursor delivery rate 1.5—-2.0 g/min
Additional thf rate 0.2 g/min

Vaporization temp. 280°C

Carrier gas flow rate 0.6 — 1.0 L/min (Ar)
Reaction gas flow rate 1.0 — 1.4 L/min (02
Total pressure 0.67 kPa

Heater plate temp. 700°C

Laser power 460 W (max.)
Substrate trans. speed 2.4-8.0 m/h
Deposition zone 3 cm (single lane)
Deposition time 13.5 — 45 sec
dpm = dipivaloylmethanato
- 3 T T 2 T T
g A-- RS
o 2 - -’ -
<
= 1k & ‘A a-
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—_ 0-a =
< 100 &
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£ gofme Mg . e
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&
a  80- -
4x10 B
z -(005) e
— 3 . S -
% R TRER e .
g8 2fF o .
E ’
s a-(200) _
> L. /
oLs D N AP | o—1 o 1o
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Laser power [W]

Fig. 1: Laser power dependencies of the XRD intensities, the
deposition rate, and the J. performance for YBCO films
fabricated by IRL-MOCVD at a precursor delivery rate of 2.0
g/min.
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[2] & HIE, (R T5 B E A2 2012 FRAFATIHE, 1A-a08.
[3] S. Miyata et al., Supercond. Sci. Technol. 26, 045020 (2013).
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Improvement of superconducting characteristics of long YBCO coated conductor
using TFA-MOD method
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Fig.1. YBCO film thickness dependence of
critical current (/) of short sample.
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Improvement of in-field properties for long REBCO coated conductors
fabricated by the TFA-MOD method using a batch process
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Figure 1. Distribution of Ic of 80m long YGdBCO tape

with BZO at 77 K measured by Hall probe method.
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Figure 2. Angular dependence of /. for 80m long YGdBCO
tape with BZO cut from both end at 77 K, in 3 T. (a) Om side,
(b) 80m side.
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