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E‘ ?_:I'Loﬂj‘lljf:‘ %% R T'EL%L Zjoﬂj‘iv/] Sm832CU3075 (SmBCO)
q

o yerdEE A¥Mow Fushl Esdth Ee rEw
q
v FAAste ASNYELS PPN A% AP AAF

AA, vdd AFA oS o] gste] v AkA 9 8k SmBCO
FAE MY A e rEsilT Al w2 A oA
=2 (Pulsed laser deposition: PLD)S ©]&-3}o] 200 °C = FA &
LaAIO; (LAO) (001) &A% 71 flol FFskqlch. S2d wgd
ATA 2E o] g3t AEH(reel-to-reel) 7] 5] & AT HYA

bl A Tt &, W2 AL EelM e AN T HE F

AL A v AT RS A8kl SmBCO 9] A A S s
TEE = 9tk WA 20 - 100 mTorr o] A<t FZ A

=
AdAow A9 SmBCO A ¢t 93 =M F99 BAAS
H2oAEHS A3l Log PO, (Torr) = 19.22 — 24292/T (K) <
HAAE 22 F AT oF=d, SmBCO 9o A MY ¥
A= SmBCO <> Sm,Ba0, + Liquid (L;)2] pseudobinary peritectic
reaction o] dojub= A& gl ole VIE FUIsh 2
T ARRESS THAE 0 E970dA dojues Aow
227 SmBCO «> SmyBaCuOs (Sm211) + Liquid (L)S] pseudobinary
peritectic reaction ¥} TS 3l AFES 2e AL & F UL
PRREZEA] R o R 1 — 10 mTorr P9 Hup w2 ARt
g ollA] SmBCO o] A} ZAA T3+ Log PO, (Torr) = 17.73 — 22,582/T

(K) o A4S 45 5 Ak =3 o] Abad et oM =



lojyhe A¥Hor EskAch ol€A e ALEtelA
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ZIREo 2 3Fo], Sm,0s-

nanoparticle ©] %3 ¥ epitaxial SMBCO X% Htu} A
SmBCO EMl WA Yolo| 25 % HolE 7IAi= Sm0; EMLES
27kl 5 2o sty BA-E Alxst gl o] &9l
Nd:YAG( A =355nm) #lo] 4 PLD ¥ 2 800°C & 44 ¥ LAO (001)
G4 71 flel &S = 247 AARESE 20 mTorr, =% 7-7F 760,
AT,
1 A3, Smy0; nanoparticle ©] T H HEY Te w0 # 86.1 K
o]31aL, 840 °C oA AAYE AAT A Tc o #4°] 894 K O %
G387l 880 °C oA dA e B Tg L w873 K &
sto] 800 °C of|A] A2l st AL Te e w1 88.2 K KT} U
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F20]: YBa,CuzO.5 (YBCO), SmBa,CusO;5 (SmBCO), AFHAA,

o 1L
FARES, BN, FEAE, GARFEE o), YAZE (Tc wn)
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19861 J.G. Bednorz, K.A. Muller[1]e]l 2]&ll A& o2 THA3EA
ZAEAS A7 weA 3, 19879 CW.Chu[2]el 23]
KA A A(T7K) o] Fe YAIREE Zhe= FEAtstEA 22 A EA
YBa,Cuz0+; (YBCO) 9] o s neFHAEA o 3t a7 0%
FAEY I F JER daE XA e ¥ F 2 (bismuth)
TabskEA FAEAER] o wE olf, HT A 7wt
ZAEAAHA EE AT ol W u2xAEAS gt
Hiol M5 vhg Axd 5 Qe WHERE 2HEe PLD
(pulsed laser deposition)[5], MOCVD (metal-organic chemical vapor
deposition)[6], MOD (metal-organic deposition)[7], Co-evaporation[8-9]
o daw AL wEoer e AAMF @e A:

REBCO(RE: Y and rare earth elements — La, Nd, Sm, Eu, Gd) 2| t]

%% AMA2nd generation coated conductor) E°] AFTFHOZE
AL 3 Qi ofe] XA kA o yolrl 7]Ee] 2holal =
T2 AAE ks A e A5 s A3 E 1 Qi

A ZE "y Ax FHLS dHbdoer ue Ak #¢
71 AxEHw olE oldfst HAstE FHCE Axdl|

A8l A= REBCOO| thst w& AbA #¢F stellAl e 4 kAl
ek A7k Festth. REBCOC theh 4 kA A+ YBCO®l
g3t AFEo] t4E xA| 3l Bormann 9 Nélting[10] €
Hammond ¢} Bormann[11], Lay <} Renlund [12], Ahn -5[13,14],

Lindemer %[15], MacManus-Driscoll 5[16] < W& x50



YBCOS A& MAe rEetd x=Hek3itk ey Lindemer
51510 w2 akax w3 &, 12 FHeAE YBCO ol A
UeE Abx JlA7E e Aba B9 AoE ofHA ksl
YBCO & <M= Aes] sty o

Z1wste] Ao AAAe] gl i oS AVIE L,
MacManus-Driscoll 5[16] T3 W2 Ab4 FQF 7oA YBCO2
23l el A A2l (Phase segregation) 7F dojut NS 4717
uj-- olHria Husgith shANE 2 AT o] FS[17] e
ojstd wjgA wuks AFA R o] g3ske] REBCOS et S
Tt s Aba B9 stelAE A A Rall =S
e8] Y F
et de APH oz FgdatA st vk Q.

U}2 REBCOS! LaBCO[18], PrBCO[19], NdBCO[20], DyBCOJ[21],
ErBCO[22], ¢} YbBCO[22] °f #3t ¥ Qb= Hilso] EAsk|RE
A9 100 mTorr ©]5)e] w2 4kA 79k 7oA SmBCO2| 4
Al #E RuE EASHA feth Esk 7]Ee] Bad
REBCO A Aol #st A= £ A7Ae AFE ALlsta
REBCO #%<& AMgste] A+d Aolr] witel HFA 42
LA "ol Qi) wEbA] E A4 = LAO (001) 7%
g4 Sm-Ba-Cu-O =& o]&3afo] W& AbA b SfellA
SmBCO9] 7 et S Aoz Ags] 33l

8 LLRAEAZ AAE S8 Aol AR
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=
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stoll A Bop FgE AT SAS 7HAA 7] flsh daEol
A& e tf. 53] PLDE ©|€3FH MODY RCE-DR(reactive co-
evaporation and direct reaction) W HTF A53JH-S nanorod
e} nanoparticle  FElE  mAlEA BEAAI £ Qlo]

nAgeAqe A% wd B4 el 9ol wrh flaithza)

T2 REBCO B <ol & & HAES tE ol
s, REBCO BMAZ UhE oy AL mz Aol

1

Z42y 7ol #3 H sl BHAAYE Abgske W Ee] FE
AREE I QlvH24]. 7 7EA Rt o]xdo] gl REBCO
wobn vty 271 9 bellA AR AV EEE RS
golgr 4 Q. B AfoHE= HEE SmBCO EFI Sm,0;
EPlS Fi 27hdo] Ed e

S JMA T insitu®R FF 3 =
© =

of XA &3 FHE SmBCOS A AdAHAEE 7HEO

_

FTdxgE AlA3te] Sm,0; nanoparticle?] EWE THE o] z}Atel
Sm,Ba0, 7 W3A 73} F Aol Stacking fault 5= 23l 7]&9]
ATsErRT A7 o stelA FdE ARSI

SmBCO Hle}3 A %38}z a3t
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1.1 SmMBCO Q] & 4 %2ALT EA

SmBCO + YBa,Cus0.; (YBCO) ¢} #& AATZE 7HA
SmMBCO = #HZHAJIOJE  (perovskite) AATZRE 7|HIow
A A unit cell)[25]5 FAdetal Slvh FZBATIOIE (ABOs)
GAARE 3 Tox ATFste] SmBCO & AATE AT &
Itk webA] A AElel Ba, Sm, Ba 9AES SAUE YA A
Aseta, B Agele Cu AxE SAAH oA AF5ko
J8 S AR So)(@nion)?]l AbAaTE 8 Fkel w2 )
2o 3 REEFeA €A a9 211 ¢ o] SmBCO @A}
FAHET, o] B9 Aol Cu-0 AeT-S Woli} chain & °]F &
QEH, Cu-0 Be 24%E AF7 a2+ wWoz T3 4 (Cooper
painE °olF= AApEo] o] M webAd FFET E oE AE<
Cu-O chain <& ©] chain & ©]Fi A4 YA=0] 3 ¥ (vacancy)©]
¥o] SmBa,CusO7s & ¢ @t 0 I 1 Akele] k& 7 & L 1
gholl whel A Fx7F AW of A (tetragonal)  AFE7d (orthorhombic)
o7 WgletA Hrh

SmBCO 9} YBCO °] &% ztoli= sm® o]2o] Ba o]
Az HEA A go] Theettte Aol v ¥ 2.1.2[26]>
SMyxBa,xCus07. 5 11838 Sm**ol&o] Ba® o] ztg|Z X &shi=
o] Wste] wet AR (Te)o WstE Td== FTH ot

X #ol 005 7FA= 90 K o]de] dAEE FAsHARE x 7}

;O

-
>



AAFE Te 7F F43] stobA x 71 0.3 o]/do] =™ 40 K ©]3te]
Te #S zhe Aoz 48A 9k

SmBCO YBCO HU} & To & 7HAH 7|3 3slollA <]
AT EAo] Hu wHojurh ¥ 213[271 HW YBCO ¢
SmBCO °] #7173l ®gle] wE JAAFHUES] WHIE HQl

g =olg, x| Fo] F7FEEE SmBCO o YAIAF HaFHol

rir

YBCO 2o dAAF A =

Sm*o] Ba* o] zAFE AFst] Foirbes 1gA FAo
7o R #gsts aroly, W2 A4 EQF SkelA] SmBCO
Azt 1gAE AAAA F AT fds] AAsE A

2obsol Zhgth webd ngAst Sagolets A3 SmBCO
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Figure 2.1.2 The critical temperature dependence on the excess amount of
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10 —0— PLD-SmBCO/IBAD
—— LTG-SmBCO/IBAD
— YBCO/IBAD @75.5K
- ®- LTG-SmBCO/MgO
106_ <] NbTi @ 42 K

| @77 KB //c \

103' i | | | | i 1 " |

O
0 1 2 3 4 5 6 7 8 9 10
Magnetic Field [T]

Figure 2.1.3 Magnetic field dependence on the critical current density (Jc)

for the YBCO and SmBCO.[27]



1.2 SmBCO 2&] A ¢AA

o Ak ®ob 3loA REBCO o tiEk A oA A=
MEANN  M&d ukel o] YBCO o #I Byl UFE
A3 H ¢kE] = GdBCO[17], LaBCO[18], PrBCO[19], NdBCO[20],
DyBCOJ[21], ErBCO[22], ¢} YbBCO[22] ol #3+ B 50| EA)3c},
SmMBCO 9] A <HdAel didt ®ii= Wende S[28]e] <3l
AF4E%) 1bar(750Torr) ¥ 0.001bar (750mTorr) 7F4] SmBCO °] 7
e}, wall AAAE Wi A7 Rause 19 2.2.1[28]
EAEATE | o] Bae] wEd u18A4E 7FA A ¢k SmBCO &
7)o B AbaResl, 1070 °C ol EANRSS 1Y)
Sm211++L o] &3l A== 7FA ™. Imbar (750mTorr) & AFA%k

BT EAUS 07 sm211+ L 9 23 AAHYES 7R

s
k=
(i,
=)
S
|o
i
(>
[P
B
zl

750 mTorr ©]3}ol A 2] SmBCO & A
53] §71¢F 22 AT 297104 SmBCO + =AML A

BREA Rglo] 753k, Smy,,Ba,CusOr, & 1EAE A3l
Sm,BaCuOs, BaCuO,, CuO &3 ¥EshA df olgst 11849
F4L2 37 T 2L A EdstelA AZEA FEEAH

& AR EgstelM e Eolenh a® 2.22[29]00 F7]S oA g
Sm,03-Ba0-Cu0 A &4 AHl %, 7% 2.2.3[30]¢] AFA4+-¢t 100 pa
(750 mTorr) oA 2] AHdEA AJH=E YeEbd Tt

In K



Oxygen partial pressure log(p(O,)/bar)

1200
0,5+

T°C
1100

0,0-
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_1’0_-
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, +Cu 0O
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45

I
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Temperature 1000K/T (1/K)

0,95

Figure 2.2.1 The stability diagram of SmBCO between 1mbar and 1bar

oxygen atmosphere.[28]
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Sm,0,

Sm,Ba0,

Sm,BaCuO,

Sm,CuQ,

\

Iv

X $m, Ba, ,Cu,0,

R

5mBa,Cu,0,

-
=
=

vl

BaO BaCu0,

CuQ

Figure 2.2.2 The ternary phase diagram of Sm,05;-BaO-CuO system

prepared at 950 °C in air atmosphere.[29].
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BaO

Ba,SmyCu,0,

BaSm;CuOs

. v & v
0 205m26U0440 60 80 100
1/2(Sm,03) Mol fraction, % Cu0,

Figure 2.2.3 The ternary phase diagram of Sm,05;-BaO-CuO system
prepared at 810 °C in 100 Pa.[30]
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13 A& YRl Be A7

REBCO%} 2 o]F ZHZA|(Type II superconductors) oA+
E4 A7 ZH(Ha<H<H)°ll A superconducting state®} normal
state”} ¥<E3F= vortex state 7} =41 = T} FAF3E ® magnetic
flux(vortex) =°| <At =H=
3l (Lorentz force)E Wrol A LA WFoA 2L & AA H
w20l vortex=°] FH AS olFE AAEL AU T=E

2]
QoA AAAF EAS Azt AHEHSZ REBCO

(¢

fl

D2FAEA 9] vortex 7Fe] HA Ag+= 10-30nm, B A5 2
3 nm ALE e Ao AVATe S&sked o]yt
vortex®] S-S oldflgte] A& AP AS Alolste] vortex =2

$A9e Aol IANY 2ANNE ZHE AFT AT

2AH4: 9 Aloj = Lorentz force ©]4+2] pinning forceS vortex S o]l
ZGA A vortex?l £AUS BAATE WHolth. A% IY
Aots HslMe =AE A Skl Ad(defec)y==  TIAISHI
wAAlA  AdE9 potential energy wells 2] HlFEel  vortexE S

o7  wAEH

BAAA A% SY AHE BE 5 Qbd oE AF Y
7

AFAZIE Aelnh ol dgEs e

A3

v o

-
k=
o
>
1o,
Wi
Eal
b
o
)
won
i
O
rO

artificial pinning center)2} &
A3kl nanorod, 7 $](dislocation) 2-D<!

2%

Dl AE<3l nanoparticle 5°oZ vz & Qlth. FuEd [31]01]
4
-

[4}4
- _W‘L
—~~

HIE vortex® TAAZL F A= A
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In-plane misoriented grains Threading Surface roughness or
Precipitates Twin boundaries and grain boundaries dislocations a-axis grains

Figure.2.3.1 Many thin film defects have been proposed as flux pinning
centers in YBCO; anything that locally disturb the crystalline perfection over

a scale of 0.1-1 nm is a candidate. [31]
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11.3.1 PLD 3435 o] &3 A&E99d &4

PLD ¥74d<= ol&3 AHAYH =9lol #% 4= MOoDu
MOCVD &9 <2z ¥4l Hsl ®o o &od A7}

&t YBCO EFAY Y,0; EFAS o] AFE3] PLD &0 %
=4 A7E vl AlEHA

o|\
Zl_g
ol
i)
e
<
ug]
O
O
P
)
kr
o
2
=
X
L

BaSnO; 59 HEZHATIOE FXE JHAE AEES

A7rstel SRS % WFoF ek nanorod FES 1-D A
g AHE 7 e 2HdE gEE AxE 5 HH33]. ©]
nanorod®] AE& FUXUEE vortexq] RAUS Al
ettty 53] c-F WFoR Aeby] witel -5 WEFow vtz

AN gl Fe A% W wdHE AT wastn gk
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A3
I11.1 SmBCO 9] A ¢HAA Ay
111.1.1 A|BF1]

.1.1.1 84 Ax

= 1o A= Smy03(99.9%, SCI  Engineered  Materials),
BaC0;(99.9%, SCI Engineered Materials) £} Cu0(99.9%, SCI Engineered
Materials) -2 (powder)s ©]g3to]  UREAQ  uAARHESH O =
SmBCOE /st A4zte] EadEg 3steEz <l A4 A
24713F b =Y Skqlth d¥ - 880 °C Air =917] oA 12431
Zol &tA4slon XRD(X-ray diffraction) pattern 2] A 3}of A
BaCO; o] UEhA] oFs wi7h+] We 2 stas 33] yhHskaivt.
24L& 8 F471E olgdl FH(mold) ¢rel ¥l 100 Kg/m® 2]
o2 A3 3 CIP(cold isostatic press)= AHE3lo] 190 MPa®

S ER HAdS H3l 980 °C, 1 % - Ar 7]l

1.1.1.2 719 £89 4 Sz 33

LaAlO; (LAO) (001) 27 7] 1ol Nd:YAG (A = 355 nm) Laser=

AF4-3F PLD (pulsed laser deposition) H]E o] &3] oA WX,
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AT 71t A, 3 29, S 2k, dolA FarE 2
Jem?, 6 cm, 400 mTorr, 200 °C, 5 HzZ g A|A H]Z SmBCO
AFA we SFSIY. 19 31121

AA v 39d g ARE B Qo

11.1.1.3 443 33

Aedo=w AAdst7] £l 1 mTorri-E
100 mTorr7bA] 2] Ak B9t sloA G it dxe Wye
reel-to-reel W29l A= FH HYAE o]&3le] LAO (001) &2 74

715 glo] Ze w4A SmBCO ATA vHe B o] 9ol

ek
W]

SmBCO9| 4 <M=

Hu: il

11.1.1 SmBCO &] 4 ®4
11111 XRD % SEM 4]

Zbzt o2 zdelA dAE & smBCO Hbe] A4S A5
el A X-ray 34 )&l (X-ray diffraction patterns) & 41331t} 6-
20 +25 =Y Bruker AFS] D8-Advance H]E o] &3to] 20 ke

=

]
570" Abol= Wg} A7 hvl BA s,
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A7y A, T sSmBCO uuto]

TEE

24 3t7] $13 FE-SEM (Field Emission Scanning Electron Microscopy)

A& JEOL A}l JSM-6330F, HITACHI
o g-3to] HAjshgitt
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SEI 50KV X30,000 100nm WD 6.6mm

1‘um

-~ .

A T b O A DI SN MG I

SEI 50KV X30,000 100nm WD 7.2mm

Figure 3.1.1.2.1 (a) Surface morphology of the amorphous SmBCO film (b)

the cross sectional image of amorphous SmBCO film
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112 SmBCO %AXE uvleto] z1& mygd EA Ao
Ay

11.2.1 A HFEH]

11.2.1.1 A F£H]

© AddelMde 919 A 4 AP 22 WY eRE SmBCO
S Al AEA T 3 Sm,045(99.9%, SCI Engineered Materials),

S AFEEte] Sm0; EMLE AF sSitE smBCO ERL AlF)
W v R 23S fE FEVIE olgs TRt ¥
100 Kg/m* 9] f¢ke=z A3 F CIP(cold isostatic press)S
ARG8Ee] 190 MPa® 4=F3k3ith 1 5 B 9= 913l 1650 °C
4AZF EQk s S E Sm0; EHS SmBCO EFA WA 9
25% & FyE  xZhfo] SmBCO ERCl =9 3§t

11212 7|1¢ 4] 4 & 33

LaAlO; (LAO) (001) &+27 ~7]¥+ 2loll Nd:YAG (A = 355 nm)
Laser & A} PLD (pulsed laser deposition) “&H]E o] &3l oA
A5, B2 7|ade] A, 3 AMs 29 2 =25, dolA
= 2 Jem? 5 cm, 800 mTorr, 800 °C, 5 Hz & LA
Foct.

)

=
o
T
=

o

Jf'
ol
38
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11213 €43 37

A ke AYy mpIEA R reel-to-reel HUAES o] &350
Ab2E9 20 mTorr 271, =77+ 760, 800, 840, 880 °C 71 o)A
30 &<t AATE Aol

11.2.2 SMBCO A X 29 A} 2

[

IR

112.2.1 XRD % SEM £4]
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Figure 4.1.1.1 The XRD pattern of as-deposited SmBCO amorphous film

on LaAlO; (001) substrate.
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4.1.1.2 The XRD patterns of as-quenched films after annealing at (a)

924 °C, (b) 928 °C, (c) 932 °C in the PO, of 100 mtorr for 5 min
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5.0kv  X10,000 Tum WD 6.5mm

SEI 5.0kvV  X10,000 Tum WD 6.5mm

4.1.1.3 FE-SEM image of as-quenched films after annealing at (a) 932 °C, (b)
928 °C in the PO, of 100 mtorr for 5 min
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Figure 4.1.1.4 The XRD patterns of as-quenched films after annealing at (a)

892 °C, (b) 896 °C, (c) 900 °C, (d) 904 °C, (e) 908 °C in the PO, of 30 mtorr

for 5 min
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SEI 5.0kvV  X10,000 Tpm WD 6.5mm

SEI 5.0kv  X10,000 Tum

Figure 4.1.1.5 FE-SEM image of as-quenched films after annealing at (a)
900 °C, (b) 896 °C in the PO, of 30 mtorr for 5 min

31



20mTorr 5 5 1:SmBCO
230 SmZBaO4
3:BaCu0,
o 5 : LaAlO, (Substrate)
—
o
= (c) 888°C ,
2
'E i 3 3 3
< 2 3
—
2> [ 1 (b)ssac i 1
- — 1 1
[72)
c
[¢}]
]
£

(a) 876°C

rrtrryrr1rr1rr1rr1rr1ryr1rr1ry1rr1rrr7?

5 10 15 20 25 30 35 40 45 50 55 60 65 70
20 (degree)

Figure 4.1.1.6 The XRD patterns of as-quenched films after annealing at

(a) 876°C, (b) 884°C, (c) 888°C in the PO, of 20 mtorr for 5 min
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5.00um

SNU 5.0kV 12.9mm x10.0k SE(V) 5.00um

Figure 4.1.1.7 FE-SEM image of as-quenched films after annealing at (a)
888 °C, (b) 884 °C in the PO, of 20 mtorr for 5 min
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(f) 888°C
(e) 880°C
(d) 876°C

(c) 872°C
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1(b) 868:’C
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t szBaO‘
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:Sm, 0,
: LaAIOJ (Substrate)
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Figure 4.1.2.1 The XRD patterns of as-quenched films after annealing at
(a) 860 °C, (b) 868 °C, (c) 872 °C, (d) 876 °C, (e) 880 °C, (f) 888 °C in the

PO, of 10 mTorr for 5 min.
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5.0kv  X10,000 Tum WD 6.4mm
3 .

)

SEI 5.0kv  X10,000 Tum WD 6.4mm

SEI 5.0kv  X10,000 Tum WD 7.4mm

Figure 4.1.2.2 The FE-SEM images of as-quenched films after annealing at
(a) 872°C, (b) 868 °C, (c) 864 °C in the PO, of 10 mTorr for 5 min.
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(c) 860°C
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: Sm BaO,
: BaCu,0,
:Sm, 0,
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5 10 15 20 25 30 35 40 45 50 55 60 65 70

20 (degree)

Figure 4.1.2.3 The XRD patterns of as-quenched films after annealing at (a)

852 °C, (b) 856 °C, (c) 860 °C in the PO, of 6 mtorr for 5 min.
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5.00um

SNU 5.0kV 13.0mm x10.0k SE(U)

Figure 4.1.2.4 The FE-SEM images of as-quenched films after annealing at
(a) 860 °C, (b) 856 °C in the PO, of 6 mtorr for 5 min.
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:Sm 0O,
o : LaAlO, (Substrate)
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Figure 4.1.2.5 The XRD patterns of as-quenched films after annealing at (a)

880 °C, (b) 844 °C, (c) 848 °C, (d) 872 °C, (e) 876 °C, (f) 880 °C in the PO,

of 3 mtorr for 5 min.

42



| i
SEI 5.0kvV  X10,000 Tum
. .

) D
™

SEI 5.0kV  X10,000 Tum WD 6.4mm

SEI 5.0kvV  X10,000 Tum WD 7.4mm

Figure 4.1.2.6 The FE-SEM images of as-quenched films after annealing at
(a) 844°C, (b) 840 °C, (b) 836 °C in the PO, of 3 mtorr for 5 min.
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(g) 864°C
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Figure 4.1.2.7 The XRD patterns of as-quenched films after annealing at (a)

780 °C, (b) 800 °C, (c) 816 °C, (d) 820 °C, (e) 824 °C, (f) 860 °C, (g)
864 °C, (h) 868 °C in the PO, of 1 mTorr for 5 min.
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SNU 5.0kV 12.9mm x10.0k SE(U)

X10,000 Tum WD 6.4mm

X10,000

Figure 4.1.2.8 The FE-SEM image of as-quenched films after annealing at
(a) 824 °C, (b) 820 °C, (c) 816 °C in the PO, of 1 mTorr for 5 min.
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Figure 4.1.4.1 The stability diagram of SmBCO in the low PO, regime
ranging from 1 to 100 mTorr.
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Figure 4.1.4.2 The stability diagram for YBCO, GdBCO and SmBCO in PO,
ranging from 0.001 to 760 Torr. Red line for YBCO (a) by Lindemer et al. [15]
(PO, > ~2 Torr), (b) by many groups [13, 14, 15, 16] (PO, < ~2 Torr) the
decomposition products of YBCO (PO, < ~2 Torr) are referred to the work of
MacManus-Driscoll et al. [16], Blue line for GABCO (c) by Iguchi et al. [35].
Purple line for GABCO (d) by lida et al. [36] (7.6 < PO, < ~160 Torr), (e) by
J.W. Lee [17] (PO, < 100 mTorr). Black line for SmBCO (f) by wende et al.
[28] (760 mTorr < PO, < 760 Torr) and our present work (g) (1 < PO, <100

mTorr).
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Fig. 4.1.5.1 The stability diagram of SmBCO in the low PO, regime ranging

from 1 to 100 mTorr, including the stability lines of CuO «» Cu,O [37],
Sm,CuQ,4 <» Sm,03 + Cu,0 [38] and BaCuO, « BaCu,0, + BaZCuOy [39]
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IV.1.5.1 Pseudobinary peritectic reaction: SmBCO <«
Sm,BaO, + L;
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2 Smy0,

szBa04

Ba,CuO,

Figure 4.1.5.1.1 The isothermal section of the Sm,0;-Ba,CuO,-Cu,O system.

The T - PO, condition is given at the points “a”, “d” and “g” in Fig. 4.1.5.1.
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Y, Sm,0,

Sm,Ba0,

Ba,CuO, BaCu,0, Y2 Cu,O
Figure 4.1.5.1.2 The isothermal section of the Sm,0;-Ba,CuO,-Cu,O system.

The T - PO, condition is given at the points “b” in Fig. 4.1.5.1.
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Sm,;Ba0,

) Sm2CUO4

___,_A =
Ba,CuO, BaCu,0, 2 Cu,O
Figure 4.1.5.1.3 The isothermal section of the Sm,0;-Ba,CuO,-Cu,O system.

The T - PO, condition is given at the points “c”, “f” and “j” in Fig. 4.1.5.1.
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2 Sm,05

Sm 2Ba04

Q) szcu 04

Ba,CuO, BaCu,0, Y2 Cu,0
Figure 4.1.5.1.4 The isothermal section of the Sm,0;-Ba,CuO,-Cu,O system.
The T - PO, condition is given at the points “e” and “h” in Fig. 4.1.5.1.
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Y2 Sm,05

R Sm 2CU 04

Ba,Cu0, BaCu,0, 2 Cu,0
Figure 4.1.5.1.5 The isothermal section of the Sm,0;-Ba,CuO,-Cu,O system,
The T - PO, condition is given at the points “i” in Fig. 4.1.5.1.
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Figure 5.1.1.1.1 XRD pattern and R-T curve of epitaxial SmBCO thin film

on LAO (001) substrate.
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Figure 5.1.1.1.2 XRD pattern and R-T curve of Sm,03-doped SmBCO thin

film on LAO (001) substrate.

63



VIL21 3gx8 IS olgd A&EIIEA]
45 SmBCO ®hre] Az

Sm,0; nanoparticle ©] =3 % SmBCO ¥ruS AFAR-QF 20 mTorr
7oA ZHzF 5712 AJHS 77 & % 760, 800, 840, 880 °C o A
30 w1t FAAY sto] AEHIEEA] FYE SmBCO A=

=

sk 1% 5121 oA 27k AHES XRD

A4S 3K o] A%e Aoz Mol 894K S 7| E5kqi) 3k ut
880 °C ol A A gt wuke] -9 800 °C oA Al vfutr o)
UhO T Lo 3O Z7HE B9lom 760 °C oA A E]d wue T,
oo WL ol A9 dojubA kgtkth 800 °C o]/ ZIellA

AT HHF To o 7F ST OlFE B2 T wo = /IS
o]

FTEAEC] SmBCO A bgA ThrtoloA dAEE st 3AHAS
F3 SmBCO XAS 7+ 3E= dF Hgst= Aoz

AFRE L Qi) of&#, ¥ 5.1.21 o 9 x7]stelA 2] SmBCO
WO Jo(H, T) 3= dERSlEE 271738 ek SmBCO Bfute
-3 FH3AstA Q7tET. ¥ 5121 & Hol &S A
3ol A Sm,0; nanoparticle R+ T3 3 A]H o] 65 K self-field Z=7 o A]
Je #°l 153 MA/lcm® & XHolm 04 T Z7elA 0.7 MA/cm3, 0.8
T 274 001 MAcm® & Hlth A s AJHe] Ae EF

64



o] A7|gstl M AL Y 540 Ry FdE adE Koy

3] 800 °C &% FollA dAg st AldAel Jo #tel 04 T oA

0.45 MA/cm®, 0.8 T A 0.12 MA/em® 9] 3t YElo] 24 ¥y
E4o] 71 wo] 4w dAE 2uds & 4 ATk SmBCO
wuks o v HA oA FAste] Adsithd Hold
A& 5AS 7= SmBCO vtebE Az 4 Qg AoF
WA=

65



LAO

! (003)|
roon |

|
r | 1002) h

Intensity(Arb. unit)

E‘"\WL.\,J\

r \ Reference \u

LAC
(001) o

(0086
(005) !‘

| 800°C ‘A \W'W]”)\Jf
T e
bl ”\U
"J*‘ML..,._J le | u \\.‘J

Tl W) M
r 840°C |

I

[

(002)

(ow)

yes

\J\ww/‘lw

-

20 (degree)

5 10 15 20 25 30 35 40 45 50 55 60 65 70

1200
I —=— Reference
‘E‘1000 L ——760°C
] ——800°C
% 800 | —'—84000
= ——880°C
a
3'. 600 |-
= i
=
® 400
»
&
200 |-
O . 1 T hd T Ll b 1
0 50 100 150 200 250
Temperature (K)
500
—=— Reference
——760°C RS
5400 [ ——s00°C P DI
g ——840°C /-:'//"”'
..ol ——880°Cc 7 S
0_300 /' ‘:_—:;4__;1_ ]
2
=200 |
-
N
h
]
o100 |-
0 pr— et —TT
85 86 87 88 89 90 91 92 93 94 95

Temperature (K)
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] 2 Post annealing condition:
Magnetic | Jc (MA/cm?) ]
Temp. . (20 mTorr, 30 min)
field (T)
Reference 800 °C 840 °C 880 °C
Self field 1.53 1.34 1.49 1.33
0.2 0.36 0.88 0.63 0.73
65 K
0.4 0.07 0.41 0.15 0.42
0.8 0.01 0.09 0.03 0.13
Self field 0.38 0.43 0.58 0.44
0.05 0.22 0.38 0.40 0.35
77K
0.1 0.09 0.31 0.21 0.27
0.2 0.02 0.17 0.41 0.06

Table 5.1.2.1 Magnetic field dependence on the Jc(H) at 65 K and 77 K for
the reference sample and post-annealed sample at 800, 840, 880 °C in the

PO, of 20 mTorr for 30 min.
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VIl Abstract

In this study, we accurately constructed the stability phase diagram of
SmBa,Cu307.; (SmMBCO) in low oxygen pressures experimentally, and also
on the basis of determined stability phase diagram of SmBCO, studied the
enhanced flux pinning properties of SmBCO superconducting thin films via
the post-annealing process. The details are as follows.

First, we report the phase stability of SmBCO in low oxygen pressures
regime from 1 mTorr to 100 mTorr. For this study, the amorphous Sm-Ba-
Cu-O precursor films were deposited on LaAlO; (LAO) (001) substrate at
200 °C by using the Pulsed laser deposition (PLD) process. As-deposited
precursor films were annealed at various temperatures in the PO, regime of
1 mTorr — 100 mTorr and then quenched using the reel-to-reel furnace. The
stability phase diagram of SmBCO was precisely determined by analyzing
the phase and microstructure of the as-quenched samples.

The stability line of SmBCO in the PO, regime of 20 — 100 mTorr on the
the PO, versus 1/T diagram is expressed by the equation of Log PO, (Torr) =
19.22 — 24,292/T (K) this PO, regime, the pseudobinary peritectic reaction
of SmMBCO <> Sm,BaO, + Liquid(L;) occurs at the stability boundary of
SmBCO. This reaction is different from the well-known pseudobinary
peritectic reaction of SmMBCO < Sm,BaCuOs; (Sm211) + Liquid (L) in
high PO, like air. The stability line of SmBCO in the PO, regime of 1 — 10
mTorr on the PO, versus 1/T diagram can be expressed by the equation of
Log PO, (Torr) = 17.73 — 22,582/T (K) and in this PO, regime, the ternary
peritectic reaction of SMBCO < Sm,Ba0, + Sm,0O3 + Liquid(L,) occurs at
the stability boundary of SmBCO. In addition, the monotectic reaction of L,

< Sm,03+ L, occurs between the phase region of Sm,BaO, + L; and
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Sm,0; + Sm,Ba0, + L,. On the basis of the SmBCO stability phase diagram,
the isothermal sections of three different phase fields on log PO, vs. 1/T
diagram were schematically constructed within the Sm,03-Ba,CuOy-Cu,O
ternary system, and the solid-liquid phase equilibria in each phase field were
also described.

Second, we report the enhanced flux pinning properties of SmBCO
superconducting thin films by the post-annealing process. Initially, we
modified a SmBCO target by attaching a Sm,O3 sector of which area is
about 2.5 % of the SmBCO target surface area. Using this target, Sm,0s-
doped SmBCO thin films were deposited on LAO (001) substrate at 800 °C
by the PLD process using Nd:YAG ( A= 355 nm) laser. Subsequently, as-

deposited films are post-annealed at 760, 800, 840 and 880 °C in the PO, of
20 mTorr for 30 min. While T¢ . Value of as-deposited film is 86.1 K, that
of film annealed at 840 °C is increased up to 89.4 K. After annealing at 880
°C, however, Tc, .o Value of the film is 87.3 K which is slightly lower than
that of the film annealed at 800 °C (88.2 K). Also from the Jc-B curves, we
could find that the flux pinning property of all post-annealed films was
enhanced compared with that of the as-deposited film.

Keywords: YBa,Cu3O;; (YBCO), SmBa,Cu3;O;; (SmBCO), Phase
stability, Peritectic reaction, Monotectic reaction, Pulsed laser
deposition (PLD), Post-annealing, Critical current density (Jc), Critical

temperature (Tc, zro), Flux pinning
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