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AHFFETIL, BaFeAs, #FHHE L CET F—7 %R, FiliA 4 v EHRZMExIG L L TRRL, &
RS FIERE (T) BXOWARAER (J) ORLEE2H I LT, @WETEX vy LEREOERL ik
FEPERTAM, SIFROIEDEIIN, 38 X OWEE R~ K a2 H Y A 72,

5 — B CIXERBAR RS RLLAE OWF RO RE L | RS SR RS E | M OBIREYE & D Ll 24
BIL, AMFROE R, MIEER. BLUOHMZIR~T,

% " TlE Co N BaFe,As, DE B IO ~NT 0 T B4 £ v )Lk R 2 i L T2 K & 5452
L7z, 7V A L—H—HEffiE (PLD ¥5) 128\ T 4 FEORIRIRZ AV T, RS E 2 2 b S 7 i
5 Co WS BaFe,As, DO = B4 X 2 ¥ LA RAZH Y FHATSHER, 2 E TR L T& 72 Nd:YAG
— P — D SR (A =532nm) 7T, EAE (W =1064 nm) R0, FERITIA — IR KR
JER 72T U B X v VERA S OV E STV e KiF =% v L—W— (L = 248nm) % H
WEBAICBWTH, BiETE X X v LR OERII D) LT, BRI EFEE T, lREEHE N
FI3A I CEMERT X XUy VEREBRBELND Z D, REHENREMEZ X 2 v /L
O E %X L CWDHERNTHDL Z LA LM LT,

55 = F Tl Co NN BaFe)As, IR DB — FA IR G IRIBIC 1T 2 FlkFrE A i~ 2 Z &1
X o T, Co ISN BaFe,As, DRI & = > 7 HREZ ] 5002 Uiz, IRAIRIBICBIT DHEEITE (0 &
R—IRIUE (o) OWEND, BER 70 —12Lo TAEULBESIRIUANE L7 AE R B B E ClR 5
LIz, 1~9 T OWTHORES FIZBW T py = Apy! DA =V 7RI LA fRBLT=, B EIE
1.7~1.8 &, 2.0 IVHHE B/ NSREPRELNTZZEND, FEHO ¢ BilZih> 728 =0 72 2 —03 8 J,
DR CTHDHZEE LN LT, — 7, IREZEE L CHSIRTI L5 A1, 13 K5 16 K OFiPH T, g il
1.8 5 2.0 ~HENITDEND BB NEBIIS T, 2O X RiBE G| LR 5| TR e %8 A/~
BliL, SR MgB, 2 & Th, ZNETHRESN T o7z, ZORRR A —V 7 AlL, $R8BI5
ERCIIRE AR AR BE DML D R I EE A~ D TRV TALNAZEIERTHEE 252D,

55 DU B C IR AR R 2 3 1T D B RIRE S, MR E, I A~y FEAM LR
2% Co ¥R/ BaFe,As, IR DABIREREIZ G 2 5 BIZOW Tk 7o, EEWIESE - BlEfiRe b o7
ALY IR (CaF,, BaF,) & REZIRS (K EME 2 & SER b EEM [MgO. (La,Sr)(Ar,Ta)O; (LSAT)] %
MR R & U CIIR L, Co ¥ BaFe,As, WifEIZ 230 % B 5 BOIE S5h B Wit Uz, R RIS
MO DOEFENMBREIZB W T, @B IERZ b oM EoEFIL, EROBUE CEl-ESN D Z &IT &
DENFICHEME SN D Z & AR LT, FKE T OBEREOREZIT o7& 2 A, BIED T, 73
WOFERERICHH LT ER L, ZIREEBICBITAT=—1L > 72X hORN D, Co I BaFeAs,
X c BT OEMEIC L > T T TR0, a-b BNDOEMEIZ L > UL TS ERHWEEZ - &
HMHNTEY, ZOBRGIERNOORGFHEIMERRE T2 T.o R EHATES, £/, &
A= IVHFERETIE, BN Lo TEEOAR LT X v U TEENEMT 52 ERbho =i,
T. L% VT EEOHEBITA N7,

B HE TIIEED 2 THK TE TV A IEEMFE, La W1 BaFe,As, (254 2 AMERE /180 RAZ SV Tk
A7z, MgO HfS L FEMR I B U 7= BGREH B K E 2 T 5 2 & T 2 La IRIRE (x=0.08 — 0.21)
WZbles T, T.O ERBIWAT, = T - T°° ORBDEBLE LT, ZhHIERLET R—78O Co
W0 BaFe,As, TIXA LIV TR, [EFHR—WNROKERI G| A — 33— R =7l % & Te 2k
TX v U T HEEOBIMPBE SN, BIED Co USNTERE L FIERIC, T, &+ U 7HEOEBENE
B S ie oz,

FHINETIL Co S/ BaFe,As, KV & T, 23 10 K 1E E @&V P U BaFe,As, DA LIZ DWW Tl 7z, P




RN BaFe,As, ZfEdh/ NV 7 (K2 —747 > s & VT MgO F&# 12 PLD i CHBY LA AT Z A, P
70N BaFe,As, 11 Co ¥l BaFe,As, ¥ 1 1V ¢ 200°C 1 & @ AREEEE (]9 1050 ) ToE X F v /L
RETDHZEERWE Lz, GoNEEERICITAHEEICBNTE VA= e vy 7Ly MR
HHILT ., mWREEETE (XRD 2 > ¥ 2 7 7 — 7 HEHE Aw,Ad~0.6°) ZHT DI ERnbhole, —H,
LSAT bl I8 L 7= P ¥R BaFe,As, 1%, MgO AR E DB LR THEWERME (Ao = 1.1°, A¢ = 1.5°)
Zor Lz, AEBALGIERE ML (STEM) ([C X 2818000, ZOEIFIX, LSAT-EREIZ BT 5 K
EOUIZL > THELDZED KA AL UHERICL D O &G iwmf 7,

L E IR OFEE R E R E D P RN BaFe,As, WIED J, BPEIC RIETEEIZ SV Tk,
MgO FEf FIC U U 7 I (BaFe,As,:P / MgO) & LSAT HiAk FIZ B L 72 75 (BaFe,As,:P / LSAT)D
J R LIZE ZA, BiEITHE LV bEWECHESE T J, (U5 2R L, BE IRV SR L
T, EMSEE TRHIE L IR J, 2R LT22S, J, OEUINES A BEEAEORIEIC L Y . B o8
W ONNRBBR E =0 Ve 2 —2 b O ERboT-, TR OREERIT, J5 LRSI
SRR E = T 2 —OEAN L — RET7OBYRIZH D Z L EZR LTV D,

& 512, BaFe,As,:P/ MgO DREEHE Z 22 Als £ T L § 2 &I2 K > T, BaFe,Asy:P/ MgO 1 & JS =
7 MA/em®, J(9T) = 1.1 MA/em® & EWEERE Dz, ZiUd 2 E TG Sh 8RBk o
R CHREDIETH D, £~ &b STz BaFe,As,:P / MgO Wl BESHEUINA RS 5 LT a7
J. R LTz, STEM BIERIC kv, sEEE DK TIC X » TAEKT 2 KMOFEEN K A A VBRI Bt
FEOEEBAZEALT 5 2 ERNEHERM EOEFRTH L Z L2 LN LTz,

o5\ B2 CIL RS SRR T B 7= P ERIN BaFe,As, IR O /ERIS: 2 T, SR iibs
— 7 MR BT P SN BaFe,As, Wi DVERL 21T o T fE RIZ DWW T2, 15 H4L72 P IR BaFe,As, T
X, EFERICHEET2HN 4 Bz rL, TEX XUy VRENHE TE 20, Battol ik
B HENEDOEMMBPER S, HiESER EOBRICHRT LA 2 KIZEE -T2, 4 KIZBIT 5 J Off
X, HOMESF T 1 MA/em®, 9T T 0.1 MA/em®> Th - 72, 25 OfEIE, FREOEAE (Ao, Ag) &
Fro& R T — 7 AR BICHIR S 72 Co ¥l BaFeAs, WD & D & [RIFLFE T, MgO Bk it Fap iz fd
J X 072 P ERIN BaFe,As, TR L 0 9 1 HHEWMETH - 72, IS 532 J, O ERAFPEORIE D
O, Hllab DR 5T, Hllcllb7r— R —2%4 27 LERWEL, BERE=V 72 —»
c WG TNCEERBEEA SN TS Efffm Lz, 12 K. 3 TICBITD J OfcKIE & /IMED T 0.82
&L MgO b Fapk EICBUE S 4u72 P USIN BaFeAs, D & O & [RFRE OS2 fetk 2R L, BUfE
F COFRBREHEBAIA O P Tl b/ hSWRFME o, S 512, HNEAEDOEN Adyo=8 FED
IBAD MgO M EDIEIE, Admgo=4 FEOHD LV & fiftEIIH 212 b b b3, SN JOTICE
WTHI 1.9 %) 2R Lz, ZHUTHEANBELBEDHILIC L > THEL D RAL VEERM, J2HbEE5 2
i v= 72— LTHIWTWSED EEZ BND,
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In this study, I found the important epitaxial growth parameters for many types of 122-type iron-based
superconductors to exhibit high performance and to discussed/clarified mechanism of their unique
superconducting properties such as vortex pinning, and proposed a new design concept to enhance their critical
temperature (7,) and critical current density (J;) by utilizing the anisotropic pressure and microstructure
engineering.

As aresult, I clarified the critical factor for the fabrication of a high-quality Ba(Fe,Co),As, epitaxial film and
its strong vortex pinning properties. Utilizing the differences in thermal expansion coefficients and the
compressibility (ap) between Ba(Fe,Co),As, and substrates with epitaxial strain, anisotropic pressure was clearly
engineered and 7, was enhanced proportionally with increasing the ap of substrate. By comprehensive
examination of the electron transport properties under high pressures, I clarified that the carrier concentration is
not the dominant parameter for determining 7 in Ba(Fe,Co),As, and (Ba La)Fe,Ass.

I also conducted the fabrication and characterization of BaFe,(As,P), epitaxial films. I found, by developing a
new substrate heating system using a high power laser diode, that the high temperature growth condition
(1050 °C, 200°C higher than that of Ba(Fe,Co),As,) is necessary for obtaining high-quality BaFe,As,:P epitaxial
films. Decreasing the growth rate, high self-field J, of 7 MA/cm? was obtained for BaFe,(As,P), epitaxial films
and high J, over 1 MA/cm® was maintained even under an applied magnetic field of 9 T. This J, value at 9 T is
the highest value obtained so far among iron-based superconductor thin films. Finally, I demonstrated the
fabrication of BaFe,(As,P), films on IBAD metal-tape substrates to show the potential for future practical
application. Utilizing the fabrication technique which is well-optimized for single-crystal substrates,
BaFe,(As,P), epitaxial films exhibited the isotropic J, properties (J,™"/J."™ = 0.88), which is the most isotropic
J. performance in 122-type thin films.
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