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Study on the improvement of electromagnetic properties of
superconducting materials by neutron irradiation
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SUMMARY

—

. Project Title

“Characterization of electromagnetic properties of superconducting materials

irradiated by neutron”

II. Objective and Importance of the Project

- Current research interest in MgB2 conductors 1is focused on the
improvement of the basic parameters : the critical temperature, the

irreversibility field and critical current density.

- The correlation between the critical temperature, the irreversibility field and
critical current density has to be discussed with respect th the conductor

performance and applicability.

- In conventional transport measurements of superconducting samples, the
measured quantities such as critical current densities and critical
temperatures are averaged over the whole sample and do not reflect te
local distribution of the quantities.

- The spatially resolved studies of superconductors are needed to determine
local values of important parameters of the sample.

III. Scope and Contents of Project

- The superconducting properties of as-grown and neutron irradiated MgB2
were characterized. The analysis i1s performed by means of SQUID

magnetometry.

- Low temperature Scanning Laser Microscopy (LTSLM) and Low
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temperature Scanning Hall Probe Microscopy (LTSHPM) were carried out
to reveal the spatial distribution of the local resistive transition temperature
and the local current density in commercial YBCO coated conductors near

the superconducting transition.

IV. Result of Project

- We have shown that neutron irradiation increase the critical current

density of MgB:. at high magnetic field.

- Using LTSLM and LTSHPM we directly image the current path in YBCO

coated conductors of different patterns.

V. Proposal for Applications

- Because the introduction of fine defect by neutron irradiation improve

pinning properties, the DC applications of MgB: conductors can be found.

- We analyzed the spatial distribution of the local resistive transition and

current density of YBCO coated conductors.

- The results indicate that the L'TSLM is one of the most useful equipment
for investigating about the spatial distribution of the superconducting

properties such as the local critical temperature and local current density.



CONTENTS

1 Introduction — _

2 State of the arts - _

3 Experimental results ——————————————————————————————

4 Achievement and contribution of project ———————-

5 Proposal for Applications ————————————— S

6 References ————————————————— 1

_Vi_



1T M2

2 el 7=

- 14

3 A7

- 66

= Vi



, AF2] 3 Al

PN
=

F7]

°
<k

H 1 & ME
1.1 AFMake] 3}

AT E E T H L N R T xS A
e = A — . = —
| aﬁﬂ_aﬁMPmMurmOTLﬂu%%oT %ulﬂaﬁ
= ® o M_M 3 ) el N mﬂ_ﬂu M g m_.&w by = 5 ) ‘UT )
— —_ I
° (o P B i s R, - R T
o o A - BTN ey dw g o Low
P T~ T o X P OTTNT Sn oo W
r < 1ZF T K ) o o I ox s 5
— ;oWE:.Neﬂnﬂ ﬂ_lﬂrhﬁedl%dﬂl@u Jmlion_wmx
N oF = %B_o%Zmo o5 ﬂﬂﬂ BT T
hlis X o R L > . X _ M T
T4 E | 2PISCeeesgagsit EeF
) o o) vl —_—
o - %Vﬁrﬂﬁ%ﬁm%%ﬁrﬂoegé oMo_E%
~ i 2 Ty EXTE Nk p¥ B
— o] or N 0 7Z0
T = A e T o %o o T B %
= = o SIS % "
= o — o L X PR B S S AT o gy ®
5 = N~ o R oo B W og K% D= = X
r g BT SBFAR_E5 57T eT ®ywx
= = % = o= N B 5% & £ & N = T it =
Z) ~ N % al ) T — < ey ) S
= %Ei z?ﬂéwcwmoﬂ %_dm_z wﬁa#%
= | o 5 —~ ol ~
X 2 — Lo o)) g A ) oo JJ m dr Pﬂw & Lﬂo ™ ey UMT ) e mum ! =
o ) H o ®a L= 7% %y B T o
o B om MX P o X o x 2w = Mo 0
C 0N ok =2 N do Mo 8B e = — M o) my AF
> Ay T HA ol W g < 0 Tor e
Lf ) HE uy ‘OI Q )AO E#E XL Ny X m\n.mu N L.E o0 ‘U| Jﬁut_l X
- E Jo = M F o o@d H e S By
R I B o T B R I
3 S — X e -
23 TFR| wTHwdment o, 4o ClClG
I = BT RT LU TT o 85 T T
) M| PALLDEBAYE NS @ o o
s T g ﬂ_s_%%m_ﬁar.%mq LS E Ay
B o= X
T~ N = BT R ®T B gphm °
it DT R I o S ~ M
o _.ﬂamm ! EﬂnﬁnB o 1 W )] ) ) ® T o
— X o= RGERe = : = %o =% 9T K
TIzie| REEIr.cEsFIll o+imi
ke o ° ) do M = W T = iy A= 3 gl ™ ° o
5 B om o o TR M LN ERERE ST o ®w
N ] G Y Il i T N M Bl
oW T oo oo HE o .iﬂwlmuﬁaﬁ%% Eﬂﬂﬂ
T KW N amz@zga_,w;ﬂ_ﬂo7m " o
o o m M +T £ m BN M
TR HE R ST T R S Mo do &)

ol o

171

o

i A

I

2 ~(magnetic flux)2] %o ¢

=

=

-

R

(vortex)&}al E¢



H

b

S

1
T

4

S

_(H

7 o] (coherence

=

=

b, ol
A%s

i<

~
;OO
oy

-

YBCO$ REBCO 18] il MgB:

=

=

Aol
17}

E
=

Ag AA e A7)

i

3

A7 %=

LC}

]

by

2191 %

=l

A A ZA}

==
s

b}

kel
i

bl ok %

°©

]

i
e

X
N

o
I
ol

o
xr
iz
ol
700

7o

BN

=A AA L] e v

v

N

O

el

o
i

H

v
) E
!

o

]
—_

<) Al A F(critical

A

=
K3

}Hresistivity),

[e]

w2

H] A

Aot

T

o
el

temperature),

current)®] A71% 54, He, irreversibility line®}
Ak 2 B2 Q914 I AEHE o] L8]

= uu

s
a1

AHow o]Folx 1 A &},
(critical

el

o

——
file)

T
]
]

7

ze)
-
T



94 =

« A

1.1.2 AA

Ho&o:;ﬂoﬂu
J!LJI
@emnvu up o oo O_MI,MMO,MUF_& N TR oW T
o 7 H @ﬁWi%?@d&%ﬂr E?ﬂﬂwo#wx S
Ty | Eitzizeiic Frides 13
IO 0 = DR R e SRR 2 T
% ._%Ho ! o W Ko § W ) = oWy T *
CAFE CEE T R o w o ow oo T
R ~ = ﬂlhﬁzoﬂr@a]ﬂo ]Eﬁh‘_ﬁo T T
= I m T X g TR -
do < _ 0 oo S K X 1o A H O ~e
LR el ed N = oo = = o M "
T T Mo IH o = = Ly R o
o_ouodé ﬁma&rd@ﬂxoﬁﬂnaﬁq ﬂﬂ_imWE e
DL JR<auT P G oo B R T T i
o (= N o N o) w2 F K N TN
ooy T e W W B TR e o —
_i ~o ™ ;ﬁ ﬂ B AN EE - <V J_ML o N AR ok = M _éo AT_ EE
~ — = %t ) X —
o i e aﬂﬂwwxﬂm%in =y T m N o E
o 0| %o Y M BT = X Hnﬂ o oo nm H ol e fﬂﬂ nMNrL A_.Edﬂ
PrRNER Wy g I I o B o ~
SN REE LT S F R 3y 4L22ZTE o d
T KT Ew w o= M T Vﬂ%momﬂ _iﬂﬂpllﬂ% o o
s = oo dnm%ﬁga7ﬁﬁu%,koTﬂ ﬂ;aﬁﬂﬂﬂ .
B oof = © W 1ﬂz,]1rza ~ 3 = N T 1|oT
‘.m-OHJ_/I 10y ﬂmﬁ Blr7 j— _— ‘H_OI‘HAIIULH] 1) d.‘._ﬂ'n
K onl T o ma‘mg7ﬂ17rw}dm %wr%ﬁu%%ﬂ
-~ =
TR 1H%M%ﬁ%cﬂ@% N
o He | 22 by T T oy T X B g T
gy deT| F=wd y B - T g0 TR <
g = DmbLéO1ﬁﬂzlﬂﬂ oT Tz W 7o
o o — M%%TCO on ° 5 W T O Tut] AT
2 M ode o SRR R A TR
BB‘AHTLL O./\mﬂ_ XT:AE <0 —_ LI_ZwUFJIL]
o o T LB o f I T oUW e
T A T oW E . FE oo o G o ® Al T h
= N - B]oeﬂuﬁml%zix LN T o L %)
T LT | B TLERTMET T =y PRw K
I R A= R T T oo T oW W
N °  do i - oA AR ‘..M T ) o mp k) @.o o Re o - ) 0
< T BT fo S Bo X m B odo T gm I T A
* SLE U0 HEseE T e W
| = w0 - i % op X o Al o B — T
ool o N = IR No = o Mo X
P = = I N ~ " o o0 0 o e o )
7_/wA_I$.LEvO_E‘L|JI = OTJH_ i
o X ol o = <0 Wy T oA
= Mo 7 m -

kel
=

o9~ ka3

e

=

Al

A 7Fx

]
H

AAA

-

1

AF7F 7HA

=



™

‘ﬂl
oy

—_
file)

=

o

o]

- 2141719

501:

7% Boko] MErtmA] =7 AAYHS

3}
5}

Al Aot 3t

°

g H

=

= el A

o]

W
O
=

W

fife)
™

o

o

o

<y

A -2z A 7]

4

214|719 At AAE L

WA A% A5

=

=

AE

]

0
iz

A Agd 7] Edof de=rtz2A 7 B4

°©

H

s}
el

P71 =S ol A

H
R

b
|

X
N

™
fite)
N
i

H

.

o]
s

Ak

o
g

4
o

o

0

"I
Ak
Y

o
oF

el

o



M 2 & =de ZlsHg

el

AED

Ag }\51

=
=

914 3y A

HA RS A e gkarn, weka] o

2AksHE W0
S

&l

%

=
=

B

ob 9| Ap71 A Abel 9

=
R=A

Fa gl 28y 2AEA A

Gk

1T

o~
T

o|J

it

wjr

b ANA

S
hul

;F_

il

KAIST®] 1770]

-
R

Sl A

e

Nl

&7

2.2

713 diH] 100%

:’1

9] B @

-
S

:ll

Aol ArA A4 S

|
a

%

d

=

N

Dl oiE] 100%, =9 thH] 90%

T
9

A9l VA A7H 54 2

-
a-

Z

Sl

il

offy

nA

=

o2 KAISTS

AT

e

ShA Aol 25 mmx20 mm® ¥4 S nmé 4

01 nme| A=z x4

=
=

== 4

It} =il A

o
A

T

%
&

FAA 27| ZHES] & 3F

]

LR olF
T3

afo] KAIST A7€< 97 4

=1
te] MgB, =

5]

235

A7 AT

E
=

T ARt AL AR AAe =4

&l

°]-&



2.3 Trulell A A7

A7 & A

A E
T

so] 4]

°]-&

KR
=

v okel ZelEy aeln A & addn)d

—_
o

4+
il

3/

%0

A
i

</

N

o)
i)

TR

J)
NK

ojy
o
~

Jl

b} melA el

o Ao

_‘:r:

#4271 of

A

o

Atk

e

npgo =

ol=

Az} AR 2 A

S AT web F44 24}

Cx

7A

Nfo
ol
e

alol

F71 wioll =7

5]

Al oF

s

ol A Bat olujel A H o7 o] Fofo

J)J

ox

¢+

L

;OE

o
i

==

A}
L.

ek ofuet S

oFo] 43}

=
Aoz 7HHth

of Sl wel AT

=
o

SHAl =71 o

= M

o

s}
=

of A efniA|



A3 A AL ] 2 A

31 TR Aol WE A=A =A4WE w7td S

3.11. A&

2 AT Al 2AE AsY] AANAY] AA7A 24 L wA A 274 54
& A ZAE ASFE BATOEAN 2HE AR EAS HASE F Ue F
AR A o] et S wFY S-S A AS HE ATMNE HRE
AAsta k. 13 WxEolE MgB, ¥a9F Carbon®] =3 H Az o3k dAL
=, v A AdAHAF A7 EA, He, irreversibility line 54 T4A 2AF A
Fo vl FA T g YBCO BHpe] wiA A dAE 2 AR JELE
4359 o™ YBCO 4% ¥hee] wAl 4 Seebeck AlTiEE FA3IAH. &

3.1.2 A7 A3
3.1.2.1 MgB, 2d=A19 93, @A77, A71% EA H7}
A A7 7 HET SAHOA Az AUH EAAS AL A AT + A

= AAZS=AHAFA (MPMS : Magnetic Property Measurement System)ZS ©| 83}
MgB; 838 2% A59 A7|EHES 7|4 H 2% o|E44E 5K ™ 40
0

SEg 0 HEw T 7 HEEe A Gl SASAT @ Ar1de] 10
Oe A& AHolA ZFCH FC A7 RAE FHOoRFE 715 AR dAeE
2 Z4stglon, Fig. 31194 & F sl= A

=

147 2 ATeld & F 12709
T ARl wEkA 365 T 36.8

=
|m
o M =
r>~
|o
fr
i
Al
P
)
k1
__>‘4_|9
=
-
=
il
-
ol
D)
N
o

S wrEdsth olw A% T.2 Fig. 3.1.10 TAE AL Z3) 9
KS A&39th. Power lawZ o] &3 fittingS Zal Ho=140 HE#S A4
a=1349 #FS Ao o= 7|Ee Ay Aol & F3tslir



MgB: 2% Alge] #7] o]g34E 5 K ™ 35 Ko &% Jdea A3}
Fig. 3.1.391+= 20 KellA 43 A7jolg=pido] vety dth 94 o] =44 &
AsHAl HEE = vpep o] A EHES] A7] oW 54 Ar|AelA EdHHow
Wslelal ot o]¢f 2 AV|RWEV EAdEHAoRE ¥stste @4 flux jump
of o] 7IQlE Tk &HA lom ofn
= Ao E BT Flux jump AL Z2AEAY AAHDF
wvmz st E3E of7] A7IBER 2HEAY &8 s wh
k= EAlolth & ATl A= flux jump RS AAH R #FE o, EAT
oA T ANgEL 7|Fo Hiud AFdAyEs v 22 35 K7HA flux jump

el

= T

o] HAHE A ot FAANA A7
o O o
==

=

o

O

rE
fot,
N
N
oz}
o
>
E .
=
T
il
Ho
i3
ot
i)
rr
>
>,
i

0.0
Y wn

0.4

|
1
|
- ]
e T =36.5K 1‘,
(&)
E -0.6 ‘
o N
0. —
§ oo = :
- -
g 1
= -1.0 {
g o e" T
2 -1.24 e/ \*
2 | i
S 144 %2 ; i
J H
-1.64 355 36.0 36.5 ZFC
.

18— SN Sy 2 SN = TS S

Temperature(K)

Fig. 3.1.1 9¥x}7]%0°] 10 Oe Z& % A= AHAA =A3

[e]
MgB, A& 2] ZFC ¥ FC #7] ZWE 4



1 Ho=140066.1 Op ]
a=1/33775 , ———
IE . \ i
3 -\
2 - - - - - -
. N
1 Hirr:HO(l’Tirr/Tr‘)a '\.
T.=36.8K
04— .C. et ’\.\.\"'*- .
15 20 25 30 35 40
Temperature (K)
Fig. 3.1.2 MgB, A189 Hi, I4. FEA7IFo] 2eiA Ae
Blell A 4% ZFC % FC FAolA 5 =40 dAdh= 2=
‘%’ Tin= /g;g]_a]'o% 0]% H}'Eo]——g—i Hirr(T) ’2_}1\_—% Oé(;\)iq_
1.0x10° L L R B R L | T T T T L
8.0x10% T=20K
6.0x10” -
. 4.0x10° -
5 _
g 2.0x10% -
5 _
= 0.0
kel 1
_g -2.0x10° 1 -
5] L]
c -4.0x10° -1
(@)]
g _
= .6.0x10° .
-8.0x10° e
-1.0x10° — T T T T T T T T T T T T
6 5 4 -3 =2 -1 0 1 2 3 4 5 &
Field (T)
Fig. 3.1.3 20 KollA =733 MgB, W= A|89 A7)olg=
A
Aol FaowRE AAFHE ALH AR AR AAAFAEE
4 Ath Beand critical state modelS ©]&3tH AAHMFLUEE



20Am

o 0Am
Je= TVati—az) 07 ¢

Keli= 2 gl&ete] ej7a71ge]l deld sl el j,=1.3x10° 4/em® & AA

facs

Bulkd MgB; A=A A AASA FAEE flux jump A4S B A=
f

o

A #238t7] 984 E magnetic diffusivity D/ /“¢} thermal diffusivity D, S

BatA Z43 et Aok Flux jump @4 DI /0> Do) s E ddxz
oA Aty d# A ot wEbA thermal diffusivity D, & AlAEst7] flsiAE
MgB9] €82S SA3tdoF dt}. Fig. 3.1.500= MgByo &89 2xo|EA o]
Uehhglon 9229l 368 Kol =A% ool <3 d&%e Hzrh rel

MgB, : #1 (as grown), T=5 K I

1.4x10°
N

1.2x10°

1.0x10°

_. 8.0x10°

6.0x10°

Jc (Alcm

4.0x10°

2.0x10° w
\ .
——
" a
0.0 i

0 1x10°  2x10*  3x10*  4x10®  5x10'  ex10'  7x10°
Field (Oe)

Fig. 3.1.4 5 KelA 543 MgB, A&
g

PARAFRES] A7]7Fe

N

_10_



‘ Polycristalline MgB,, : m=803 pg (1. 748X10° mole) I
0.040 ——— e ——
[ = 20070913 (1=1.99X10’ A)\

ooss LT e e b e f (I
0.034 ff‘:‘
X <

(I/mol*K?)
o
2
8

= 0.030
= N I
® Y=A+B*X
0.028 —
T % T I Parameter Value Error -
0.026 b
2

TC:36.8 K
0.024 T ] I I I

T T
1000 1200 1400 1600 1800 2000 2200 2400 2600
T2 (K%

Fig. 3.1.5 MgB, Al59] 4839 &xo&
/\é_

3.1.2.2 Carbon?l =3 MgB; A=A A7|H 54 B7}

Carbone =33l MgB.ol dAHNF 5o Wststtty dHA Qg & A+
carbon®] =3 ¥ MgB, A &89 #7174 H

] —]‘:12:_ = i
Aol =23 Hd3 WHOZ carbono] =HE MgB: ZAEA L A7

il 4 545 @7rstlth 10 Oefl 9%-A71gel SA %
ZFC o238 A 2585 SAskglon w3 5 Kot 20 Kol A AAd #4710
=4 545 Fd dAdF 2= Aerth. 1 297t Fig. 3.1.600 e

Doped MgB2_No3@10 Oe I Doped MgB2_No3_J Set '

02— T rrrr e T 3500 T T T T T T
0.0+ ame-0—4 A
[ 3000 4 p
* A
0.2 | i R
i | 0] & ]
5 044 (] 1 a
2 ‘ i i .
£ .06 ‘ 4 £ 20009 8, [=o—>5 B
- . N \ )
c < A °
S -0.8+ | . < 500 ] N " 3
‘g ‘ o A L]
N [ - BN %,
g 1.0 | b W[—A—20K] %,
=1 . 1000 a %, ]
g 124 . - 2 o,
A
.’ i 500 “a o ]
e 1 1 GRRED| ] M‘“ \
-1.6 T T T T T Y T T T u T T T MM RARAL
10 15 20 25 30 35 40 4 1 2 3 4 5 6 7

Temperature (K) Magnetic field ( T)

a) b)

Fig. 3.1.6 Carbon®] =¥ MgB, A|§9] ZFC 4 a)9} YAHF
b). a)ollA] A7 EHE Fro] 00] H&E 2%+ 367 KolH, o] £x7} o] A g9 dA
Lxo|t}

_11_

o 27132



3.1.2.3 TAAI 2AHE MgB; 2A =A< 7|8 54 H7}

thokat fluence® =4 A7F ZAFE MgBy, 24549 A7 RWEES =A51o] 9
A 2w 2 AARNF BEE =489t FAA fluence”t 3.77x10°91 A& 19 9]
A&E= 365 Koz TAHAAE ZAFEH] A9 dA2%= 368 K Bt} ¢F 0.3 K &
ol Th & AFdA ST Almo FALE fluence= # 3.1.19 YEY 9o, F
QA7 2AE AlE 19 AR F 2E ®gkE #3120 YERSlTh E 3.1.2¢0 A
B 5 olE el o] AR 13 A8 2 aga AR 304 FEHor TAA A
of o AAPNFEEL *F2 A7 FelAe 288 Tastdon 4 HEg o9
o A7FAAME i Sk AFS EAad

% 311 /A7 2=AHE A159] FAA} fluence

T Fluence (n/cm’)
ANE 1 3.77x10"
A&7 2 2.26x10"
ANF 3 7.91x10"
AE 4 3.39x10"

¥ 312 =AA7 ZAE AR 19 dAAE U W3}

Magnetic field (T) Jo (AJem®) : As grown |]J. (A/cm®) : After irradiation
2 1.3x10° 1.11x10°
3 6.5x10° 6.0x10°
4 2.9x10° 3.0x10°
5 1.1x10° 1.4x10°
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AL FA dlo]# dn 7 (Low Temperature Scanning Laser Microscopy, LTSLM)
o 7% 2zt 97F Fig. 321004 2 & Jok[1-9] 2A% wek Ame LxE

A 2R 25 2 GHE DAHANATE FHCAA Als W HFH dolA
WS FAbeH FAE A Gol o449 7FE (Local heating)e] dojuA Hia &%
Aol mE A 7 AVIA Hol Algd ARE EEHE A A9 A5 v
E}LtA ok

o] w el

A AE= Fig 321 (b)&F o] aA F 7HA e 1g==
BT 5 Ak £ g BE g wah gue] Aoz s Pl A 2

T<Tc

‘ K4
P2
T AW i r- JUL
VI

~ - Fooused laser beam
-

-

Y
-
—
-

Local heating (T+AT)

{a) Operating principle of the LTSLM

F1 Pz

# ) E
!’/\ . ."_\H i ; -
4R I N
AT Temperature AT Temperature

(b Eesistance wersus temperature at two point on the sample surface

Fig. 3.2.1 Principle of Low Temperature Scanning Laser
Microscopy
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o] Wo] 3t F(Transition width)o] o] w4 2% Aol el A& F7H7F 2
S AeolE Hude E=olh vu §e FEE UMK E 2zt HXv P2 A H
ol Wolggke] Eo] Fof WA 2k FFol i A St Z Agole
el wol7b ¥3 FL BXE e 1Y ZE A Hnh Eme 2S FEHO 1
HZE ZHAEESE HA o] YEs 2529 Aol YA dn

TRl 7hEe Almde] el 2ad e r AS s oA e FAbR <
g oubS AZTF AlRde] jo] AAFHF PR 7|FHo] Ha o] HelHE 22k
T2 3adow FA4sE & vk AAA g A5 e] wste folA Wol FA
He A w429 543 wde] 9l

AL o wol=o] HE FdA717] felA dlolA WS Chopperg ©l&aiA =4

3}o] Lock-In Amplifier®= 2135 =% 33t}
322 #HeolA W FALY] 93 2T AR HEE-
3.2.2.1 dx¥rA<Q HEE o] &

golA Wl &% %7 = AAT A4s Plyz)= Webd 5 vk o714
(x,y)©= AlsdHe oA WMol HYgd x|F3xola z = AxWel 21 FixolH
t + AZrolrh. FFol #F A HolA WY A, PhyzbHe AFRWHAA
Geo(0),y0(t),zo(t) B AR FHl 399 Deposition®] dojy= A Ho|A Hdj7F 2 A
ojtf, &9 AAH HES /A= H &dls &5 (Beam resolution function) olx,y,z)

g &3 Zo] YJehyH
jdxdydw(x, y,2) =1 (1)

P(x,y,2,t) = R () al(x =%, (1)), (¥ = Yo (1)), (2= 2, (t))] (2)

s & o

Shia
ot

o714 Po(t)= AZF ¢t

of o3 AA ¥ 7}s3k g Zrolof i,
dutd o g Az o whgo EA3 ukS dh4=(Specific response function) F(x,y,z,t)
2 Uehd ¢ ok vk kg F 7 As P ool vlEgitd, A8 g &5 (Linear

response function) G& AF&sIA AlbE o] A 4 9l

oMol W Ae HIolvh Hee a2 H
5|

F(x,y,zt):jdxdydzjdtG(xyz XLy, z'\t-tYP(X,y', z't) (3)
AZIM £ -t = 0 4 A5 AEol olHA Foermr G =0 7F "k vhef AL
of WA Plxyzt)7t HHs w®WIgH wg F = P & $A40=
(Quasistatically) W& Aoltt o] A5 A4 43y w§ 5 (Static linear response

function) G7F AF&E 4 A 2] ()l A7 HELS A = ).
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3.2.2.2 A2 A9 W&

4 ol W Tl o@ 2HE wup o) wge ALW ne F A B
Ao ol 1T % z@ up

At
23} Substrate =& A}o] <]
olym FAIS whF 27} st Aottt T &
FHol Hed 235 v} Substrate &2 9
A2 KA 435S Wastes Fd 245 Az uE %@_; Afo] o A <]
Acoustic mismatchel] 9] oF7] %= ¥ty Substrate Albo]eof| Aol A2 HA A
(Thermal boundary resistance)®]th.[10-11] wpebA vlul zpA oA o] G =% ] 3l
Hlal] 9Fek3t Substrate Abeloll Aol A4 BA Aol X A Ha delA W F
Aboll o]t 42 vt -S weba Rk giko] o
AL B 2 vt glo]A W FALR dF Ao ¥1h4 S4ks Fig.
32291 YERY. Hrabe Aol dSHik(Heat diffusion)< 9] €A =% (Thermal
conductivity, #r)®} <48 #(Heat capacity, Cr)oll <&l AAHt}t 18]a Substrate
29 dAdg(Heat transfer)= @A A5 (Heat transfer coefficient, a)°l ]3] 2 A

|t

Laser beatn

superconducting film Diffusion region
M A /
- + K,
¥ ¥
o
Substrate

Fig. 3.2.2 Spreading of the laser beam induced perturbation

at low temperature

dojA § FAR gk A= vpubol wbg-o AekAk w4 (Heat diffusion
equation)S EolA & F Atk o/ 2r= x5+ FJFE dolA W
o X HEe vy e How A" 4 )

P(pit) = 2 (1+e"‘") ()5(/3('[)) (4)

o714 &= t]gr dEl d<4=(Dirac delta function)o] iz vl oA Wo] HdH %4

oMol A plH)= vhedt 2ol xdET
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p(t) = (X=X (1) + (¥ - Y, (1) (5)
9 @ Ae (3) Ao Y] EwW o e AR ubg wgAo] Folz

o} [12]

F(p't):WO |:KO(£)+ 1 K{Pm]em}

? \/1+iCUT Aac (6)
o714, Koi= W& WA 3+ (the modified Bessel function)e] 0z &o]t},
G4 AF PP W Flp 0 & L% 4% 6T 0 % AN 5n o3
2 AES 4S U
PO
* 27K d (7)
x-d
A: F
. (8)
~ C.d
i 9)

o714 A = €% 38 Zol(thermal healing length)e]il, = ¥4 WS-
(thermal response time)°l™ xr Cr 183 d © 22 2AE vhdle] dAdE®
&%, 18 FA et

3.2.2.3 A2 A9 ¥-&

277 K)ol &= 4% 83 Substrate Abole] &4 AA A gko] vrul zpx) 9
G2 Ao vlaf #olxlth, wetA ol Fo = TEsE 918l I Substrate AR
o] Age FAEHTH

AgE #olA el ojgh 2HE vkl wkg& vt A7 FAE A5 (d>R)
o oS BFd<R) F 7HA=E A4 = Ak oAVIA ® 997 AF R o v
of #sstA dafjxltta 7t (Fig. 3.2.3)

ZAE vtero] Hkg-o o 3hal w4 2 (Heat diffusion equation)S ZojA AL &
UL

ve_Ces Ole iy g = AKY.20
K g Ot Kes (10)

AVNM, wrs®t Crs £ 247 W3} Substrate?] @A =T A& #Holn Alxy,z e
SAAZE ERAIA G Aol A Woll 3 FFEHE oy x| ot
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Laser beam
(a)

\ (bl

superconductng fitm

T k\‘_y lr l \ ‘Ir ) j

Substrate

Substrate

Fig. 3.2.3 Laser beam irradiation of thick (a) and a

thin (b)
superconducting film
ol A Wl ojgk A3 He> A2zoAAt FASHA the 22 Ao=w ndE
9.
Prt—"1+e"”t o(r(t
(10 =2 ()56 0) "
with re) = \/(X— Xo (1) + (Y = Yo (1)* + (2 - 7,(t))° (12)
A7NA r(H)= Bt A o] HFE A HoZHEH Aol
F(Isotropic)?] EAEEE 7FQGethd & FE¥Y = tp33 o] Aozt
P ]
F(r,t) = —2>—{1+exp[-kr +i(at—kr)]}
Ke g (13)
kelo | @
Im 2DF,S (14)
D :KF,S
with e CF,S (15)
o714 Dps + "4 58 Substrate®] & &4F&(Thermal diffusivity)©] t}.
Hlo] o A7} 27 Re ®E “—“:0}74 Asfetar 7HAstE g g A g
A g ol ol
F(rit)=F,|1- [1+e"‘"]
for |rl<R/2 (16)
iwt
F(r,t)— for |rlI=R/2 (17)
3R,
. Fo =
with 27k R (18)
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R wLd (20)

oA71A Az wpEpel F el aga FAE A4 W, L, d= UHEHeH G =
golA Kol oaf neh¥= Alme] AlFolal, Vs Al Zhelizl dsk, Rz Al

A el A oln.

eor

A= gotol e AL LS Holed AAR AFHSR G / WLd=
10°0] FFFoloF . Coob oF 1 oA 10’ AEO)ER AR XL 10 °m
A

HU} Zolop stk o]eldt o]f2, LTSLME o] &8 Zajye Heule 7ze
gFo upul A|mel po 2o Aol Almo] Agsm, Wa Alme] dpe oyt

3231 &3 AF Hge 4

Asel Exp A oS Aw 149 49w AT & vk of A4S #olA
o] Fabol of@ A8 Aol Wt Ther 2ol FojAy

oT (x,t)

R, (x,1) = inXM
wd 0 o, (22)

T

e Aw el Age] exol e o] ety /14E T L% Profile
of g HEES STOA 2 2AE At dol4 Wo] FAE AF7} 2k A
2o A AEE g gol 2 4 Uvh[13]
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-, (23)
A7 sTo(x, )= wolA HWo] FAE A
= e Al dei A delmg 85Ty =
A (23)ell M & F glol V(e ZFe Aol el p(xJg)/dT o wdEe
2 V(Y X o&AS Z=HTozw  0p(XJg)/dT 2 A8 5 9t}

Ao Lw Asolth WE, 6T) & %
=]
o

3232 F42% Y7 AF Lxe =4

A QDEFE FAE F fle S (6R=07F A= v g va3t

Zol e 4 gt}

1 op(x)| & (x)\
RO =g 1000, ot T (%)

A71A, A B oA Wl 9% A Aol M 6007 Jlodl HlaA
Arpi= ojw]o] ).

REe] Ao wekd Az 949 deA  pldl, o A I0T = ez J1A
3ttt 1A &% Profileo] thek HES STo(HA 2l SAS FHstd e S o
S F A
Nt =g, W] A
ajc(x)‘J:JE 6T ‘T:Tb <26)

3.24 243 A

B oo e 7 AL YBCO ¥yt A2 = SmBCO ¥k A A (Coated
conductor) & ZZHE F2E 7IA& FHZE W s ¢ 344 T A 2= 2
A A5 2EE FAsets Zlelth ol& 98 YBCO P B SmBCO wheh A
A A= F A1 B AR{TE QUVME AR 2HE EAS AR F
Astal AA 2dE & 7717 AHEE Ao dEE 77 K 2o 4L 3
74 ol A Aol ool gt Wl o} AR &FolA AF B HolA W
S AE JHEE F Jde FAE Aok SR o] 2AES F5T F e A
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25l Jhako] A g &brt[14]

A 20e 587 A8 AFS LTSLMS A 59 A58 uAss &9, 25 4
A 2 3BV AAEE As fFAsteE A A4 &9 ol5& xE AH
o JEF 3= o MF &2 FAHAEY AF A AdAFPE FAS] A3
dd F o FE ﬁ%&%*ﬂﬁnm%-%ﬂﬂdq LTSLM2 A2 A& &7
(Cryostat), YBCO 4t @ SmBCO ¥t A Alg FHo] 4% 7} (Local
heating)S 3}7] 91§k dlo] A <} ;S%Eﬂi(ObJectlve lens) ¥ 2¥, Fd oA
S ANsqxHy 2xdd oz yekst wadoz GuUstA ol sAlZ 359 olF A
aga dolE £ FAEE FAE Atk 2 AAed tid dEe oy AolA

A3 AT
LTSLM®| 83 ®a5e ol &
ol

olg o] FrHEojof &l o]E A = AZEY o T3 g&AHoE ZEdof
3hth, LTSLMS PC2 Alojslr] Y& g #Alo] A= LAZEQOE o] &sle] AY
£ TS A FsES
p Laserbeam
Cryostat o (ZPIB or Serial

s——a Elocirical siznal

—=1
Current source ——=
PC .
Q0
[
Temp confreller
LH; tank
Lock In A
Chopper
Heate
Termp.
== Lens Laser
SEnSor
Sarrple Motorized-¥¥VE stage

Fig. 3.2.4 Schematic diagram of the LTSLM
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325 24344

IL

2 APatrtr] gaiM A or F 7Aool Aagsofof dhrh WA
F82 YBCO wret 90139} SmBCO Hef AAlE A7Ed g ez HH 3
A feke FEe ARE AlFtsiop ek B9 7}7<lc 2% vt AR 9

)
7 EEe FbA FEES wEsy] A dnd 92s sk= dolA
g

1o A4S SAsoF dvt
S A7l o7t ArlolHEL S Fol7] feiMe 2R where YolE Fofof
goh =8 of¥A AT Ag A= wee] Fuk Folev] Wl dA AR
EY sk "o of#d o= Ar|ol¥gELS Higtstal dA ARE AU
3 e Ao A= AR Fxdd Wi A Aol Ha vk o o
5 3 IEAZE v AAE FdsHA midE FEtE xR AlAes Aoz
Aol A& AlRE Yol dedE Yo BEA(Bridge)E M= TE2E A
gl o] FAA YBCO ¥4t A&+ Chemical etching 342 S84 18l
SmBCO 94t 7] A5+ Physical etching 345 SalA Azt 4ol did
AA g W& vk Ao A AH skl
A= W A8 ¥3E 54 EXE BEer] 9 AL FAF delAdAn A
(LTSLM)el A =] F3t4 &3] 5 (Spatial resolution)s AA3= Fd 82
150 Aoz FAE= fH3d dolA Wel AAolv. Hid el HAo] &
TS Bilee =oAL F o AW FAo] Jbeet oYl o2 & ATl
= FHao a3t A4S FAs= A2 g T

3.25.1 A& AX
3.25.1.1. YBCO 42 A&

ghuk Pejo] 1 2AEA BHdAdS ATEH]
2ol 300 nm T4 % Coevaporation W2 o & 7} vl
Adste] Azskgh W4 YBCO e 2ol 20 mm, ¥ 10 mm= A3t F
AFEA G Wi F7ro] Jbe dedE F2E AAE FHE s 99

= AEZH S vt2aE CADE o] &34 Azt th.(Fig. 3.2.5)
A EAo] sr= FJEe] YBCO =M Al Fig. 32694 R A3 2ol
Chemical etching 374-& &3llA A=ttt Yol W17kst Z2 <1 PR(photo resist)
5 YBCO u o] 1=2A =xA7]a 22904 PRE 1xAZ § mfx3aE
YBCO 4tet fjef "RAI7] a0 2o ol = A AT Ao =58 39 PR
Development 4% E3l4 #| A7} =3 YBCO etchant (HCI : H.O:FeCls=10:1:10)



i © .
obAE, e, THT TOE A 7"4‘311/‘1 ;‘*01 PRZ A 7%
.l

F aglh ol
1=

|
Aol = (Aw) S

S puthin film

Fig. 3.2.5 YBCO thin film sample

Thin filrn (YBCO)
/

N

“— Zubstrate (A1;0:)
<Sample>

- |

PR coating & Baking

:

Efching

R -

Lift-off

<Mask>

i

—

I irradiation

E 3

Developrment

]

Fig. 3.2.6 Chemical etching process for making the
YBCO thin film sample
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3.2.5.2. SmBCO ue XA} A=

YBCOSH #AbeE 241 % 54 Kol SmBCOZE uhyt 2 8]zl A% A4
Azl Az YBCO HFe AlgAzh iats ge] Ao]d o el #lolA
& A3 AEH FAE A A ZFeiul= Physical etching 3485 &34 Al zFst
Ak
217245 3F7] 913 #@lol A= Quantel ikl Brilliant b @2 A #o] A9 Fr=ef vt
375 PCE ol &allA Ao 4 ATt 355 nme] A2 g Ao #olA
B A 2 HFS WA R AFY 5 Uk AZES olgHA Azwd ¥F
AA A7ts asich deolAe] st FARG L FALAL npEsbuA v
Ae & F AL FA Ade 2L 44T F AFHoz ARE ANY
T AU o HAANA oA A= wolA AA A Alojstla FASIS
FAA LS Labview= 219 A 23 & PCE A o] a4l o},
Beamsplitter  Convex Lens Bample & Holder
Mirror
— [RRSRSY N R S S ———
|
: <Darkroom
o Nd:YAG F
P Motorized
pulsed —=
—= HYZ stage
Laser PC IE'

Fig. 3.2.7 Schematic diagram of physical etching process for

patterning the SmBCO coated conductor sample

Fig. 3.2.8 Partial image of the patterned SmBCO

coated conductor sample

o] e AL MA AFA S&o] sttt AR whule] R 7)ol 7}
A w oA Arleld AL 2L vpuke] wolo] Hlggtia g A 9l
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Fig. 3.2.10 Critical current(Ic) of YBCO thin film at variable temperature
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Fig. 3.2.12 Single line scan result graph of YBCO thin film sample
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4.0x10"

- Point A

Ibias : 10mA !
bias : 10m —e— Point B

Chopper : 3kHz

oo 0
3.0x10° - Filter : 0.1% trans. o

Pre-amp gain : 100 i\

2.0x10™

Lock-in Voltage (V)

1.0x10*

87 88 89 90 91 92
Temperature (K)

Fig. 3.2.13 Temperature vs Lock-in voltage at arbitrary two point of YBCO thin

film sample
3.2.6.4. 2x4d & &4
32641 94 2= X

3.2.6.4.1.1 YBCO 9 A5

YBCO et Alge] £58 SAHOR Eo7uA QA &5 FH4 Fxwss

#AsATE olF A AR FHEFE dolA WS 2xdom A7 rh 90

Kol A 2x19 02 2735 A3E Fig. 3.2.140] YERHQITH o] uf A ge] Z¢F A

F 10 mAolx oA 8 HAgE 5V Ak o)A Wel ArE w7 9
] A

A B3RS 01%9 FEZ oAt AFA= Ao
Reference® A& Chopper-‘ll —’FJJF—’FE 3 kHz M__u:] Pre- amphﬁer ol e A Al
A
o
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(a) 870 K )b

(c) 880 K (d) 885 K

(e) 39.0 K (f) 89.5 K
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(g) 90.0 K (h) 90.5 K

1) 91.0K () 815 K

(k) 92.0 K () 925 K

Fig. 3.2.15 2-Dimensional scan of YBCO thin film sample at variable
temperature (87.0 — 92.5 K)
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Fig. 3.2.16 2-Dimensional scan of SmBCO coated conductor sample at 81.5 K
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Fig. 3.2.17 2-Dimensional scan of SmBCO coated conductor sample
at variable temperature (79.5 — 85.0 K)
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Fig. 3.2.18 2-Dimensional scan of YBCO thin film sample at 86 K
(Bias current : 60 mA)
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(a) 40 md (b) 50 ma

() BO ma (d) 70 ma
(el 80 maA (f) 90 ma

Fig. 3.2.19 2-Dimensional scan of YBCO thin film sample at variable bias
current (40 — 90 mA)
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Fig. 3.2.20 2-Dimensional scan of SmBCO coated conductor sample at 80 K
(Bias current : 20 mA)
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(a) 15 maA (b) 20 mda

(o) 40 ma (d) 60 ma

(e 80 maA (f) 100 ma

Fig. 3.2.21 2-Dimensional scan of SmBCO coated conductor sample
at variable bias current (15 — 100 mA)
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