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Fig. 2 The dependence of the critical current density £ on the
magnetic field obtained by the E-J characierstics, where the
criterion of the seciric field is 1.0 10 Vim.

_4

3% 1. E=1x10° V/mY] criteriond] Al 23 ® JAAFLE 9
717 EG (AFL Sl HE)



300nm<e] F74¢] YBCO Y23 laser ablation WO Z A|Z3le 250 MeV
Ag o9 FAIFS WA AVIH JAZEE SAHSATL[2] ol FAE
79KOlA Aot AgS AR 79KelAM 285Ke=  SUtE o
four-probe .2 =AU 2 25 ZAFC wWE 2xU XIS H
I dvk BAREO] FSUHEel W A Sk dAREE HolAl=
= ¢ F AUk ZAE AJHo] 285Ke 2 ojdy H 2o & A3
A 8 & 23 19 37 Zo] AL 7}'9‘3}}§1 He As B F

=AM s olE ZAtel Y& ojxdx W& aHE A9stth

4041

ki el
]
1

.................
e s i i

Eomstrerty (n )

L 0 -
po—simmmmLyne ¢
B & W 1
Temperatare (K}

Fig. |. Hesistivity v, lempomaiure charscteristies of YOO thin
film irradiated with 250 MeV Ag icos ot diffzremt fusaces: (1)
umirrndinied; (3) § = 101 ione cm =2 () 3 % 101 jons an?
(41 1 = 10" jons o2

2. O ZAFEe] 250 MeV Ag ion® 2 ZAME YBCO Htuhe] A dlu)
; (1) ZAREA] ke A$- (2) 5x10" ions/cm® (3) 5x10" ions/cm’ (4)

1x10" ions/cm’

Hoge

o 1

250 v —]
p— L - 1
- -
E 2 ¥
g o e
C 1304
E
—)
Fg s e RS
E i} ';| l..-" 1
[~ s
E S -
55 !
= L] L] -
a® L
i _mEpmmampey ——r—p—t———
4] ] 1 [14]

Temperabae (K}

Fig. 4. Besistivity vs. temperature charsctoristies af YBCO thin
film irradisted with 250 MeV Ag ioms: (1) unimadieed; (2]
1% 10" jons cm ™Y (3) snnealed @ 2805 K

29 3. 250 MeV Ag ion® & ZAE YBCO Hehe] A3t &% ; (1)

- g

ZAPEA] ek S (2) 1x107 ions/cm® (3) 285K oA o]d ¥



A
LR YEE A4S k. Y FAZ o] 2HE CuO; plane ol 1313
g BE4E Agdoz d3le 2HEdS FXse dAAEes B4A "ok
T a2 AQA AT Aol TR 4TS T ALEE UFA 2
o & AEATOR A AAEY o]FLo R gt Cu AAY] Az HW F
%7} BlAbZ HEEzE vy A Ha olE CuO, -lé%l—H hole-carrier ¥ =&
BASHA HERAZIA Hol dAES SolAAl Fn.

Lay,Sr,CuOy ZAEA ] 35 GeV X" Fo]&S =A}slY]  parallel
columnar®} splayed columnar 258 AAJAIA 5 ~ 30K ¢ 2% L
M EY2 M-S AFSATB] 1™ 4= 5 20, 30K watet= At
o S8d YAAFEEE HoAEt. ZANES AJHo] AR & AJH

RE AFFFgelA O & dARAFEEE BAF 12H splayed

columnar Z 9] parallel columnar 238l HI3lS] E& | S HoF

r[o rlr l-

YBCO Htete] AIMF Y=gk 713 1 A A oEst= A
o2 yehdth 30 keVY Ga °]2 HOoZ STiO; @24 7|3 1WS XA
Al7]1aL atomic force microscopydl ¢lste] YA EH HES dolrgom
?oll pulsed laser deposition .2 YBCO HoS Sl th[4] 18 5+
ZAbE Al S HoFal lth. Magnetooptical 57825 H 23
& A 8= ol &5t dAAFEES @:*} ans ds Jee 1H

]

602 HE & £ gtk ZAbE %ol SAE R 4Fe T
E‘%‘ Eoﬂ—r;;\ﬂﬂﬂ Z% —L-XﬂLHOﬂ ET’]'Z:]I?_ %3—11\‘ ‘j/]‘?_]_ -J—-’-Xé]xd (ﬂux line

pinning site) 2.2 2-8-3l= FOo =2 AL HT



T=5K HiE =o— uyriidaed
=== parslel salinra

in

Fig. I, The entical cirrenl dessity . as a fanction of e efective
field Hy for the mmimdised specimen, the specimen with paral-
Il codumnar defiects, and the specimen with spluped cobemnar

defizcts. (), (b} and (e} correspond o the temperatures T = %, 20
and 30 K, respectively,

% 4 Aol A AR 94 AW, HAT columnar AFS 2 U=
AlH, splayed columnar Z3HsS Zkal e A tiste] SHE

JAAFLE M3} ; (a) T=5K, (b) T=20K, (c) T=30K



150 nm:

osum)]

1mm

Fig. L. Skeich of the geomeiry of the investigated samples.
Single erystalline S:Ti0y substrates nre patterned with o fo-
cussed jon beam. On top of this structures YBRCO thin fitms are
grown by pulsed laser deposition.

OY 5 AR Al REE

.E:-c1|3:: i |
1510 2y
m:u i i (afm]
B
—BDD B a0
& {um)

Fig- Y. Cirey acale representatson of the magsiude of ihe cri-
ieal curment density al T = 7 K. The bright rectangle refers ta
the paris of the film grown on b irradae] sirectuee

I 6. T=7KNA YAAFLZEE grey scale EA]



EuBa,CusOy 2H2HS DC sputtring®. 2 THE0] 200 MeV Au °]23 A&
ato] ZALES 1-4 x10" jon/cm® &2 WHEAAVIH AL & FxFH W

3} 53] 5] WsE BRSh[S] 18 72 AR F7be mE XRD
(003) #=29] o5& RefFa gtk 1Y 82 A S Wil %
o) ARG ol ZUFst oy 550% FA el ofste] oAl A dE=E
EoleE AL HAF: YTk

I J 1 L
IEUHM:‘H' Au = EBCO
before | : iation —*

INTENSITY (arb. unit)

224 226 228
2 8 (degree)

Fig. 1. Shift of (0 1) peak a3 a fusction of fuence for EBCO
with oxygen content af y= 7.

O9F 7. ZAMF] mE EBCO (003) peak?] shift

e T T T ]
o
-‘g 1190F gencone
e -
£ -
81180 e
:
ﬁ: : !
Er
11— |
] 1 2 | 4 5

FLUENCE (10" ionsfcm®)

Fig. }. Fluence dependence of c-ans lafloe parameter afier
pest-annaling. Closed circles are for EBCO with oxygen con-
tent of p#= 7. The data heloee post-aninealing are shown az a
doated line.

a9 8 A AN EAYF = AAGTFHS W



RF magnetron sputtering Ho=Z MgO 7| 9o F7 300nmY
EuBa;CusOy BH-S FAAZATE Aol A MeV~GeVY oA M o g
ZH79 o]2ES EBCO 2% wtubo] %o HPsA ZAMAZL[6] 18
9= o Ay A-o]&9 ZAlFe| WE c-F lattice parameterd] WIS H o
ZF1 ok B AL UA A 2 AR G WHEE Holu o %
AL olF Aol A e ARG kel WErh Stk 9 oy A o] FAM=
o2 Bl fARte] & FEo] AA Aol SIS oMY W =
< YA ol FAE oW AEE W AAEs HFTHLE
excitation A|7]31 o] 24 AA A7t F7MsAl A ¥ 102 100K A

EBCO %A X0 Fo|&E53 oy ZAIHA ZAMAZ] F v Ao HILE
A

>
=

H 2 &gk AstE ojw sttt HIA 3] W= ko] AP WHshel Hl=g
4GS HYS o 5 Tk 19 1S YALES WEE HAFT ATk (a)
= ZAMEY 2x-AF aZola (b)E 100Ko|A 354 GeV Xe o]0 =
ZAFS 300K 7HA] s|”EkHA S48 A 2Eal (o= HHA 100K °]etE &
TE WEdAN S8 2543 agzolr. ol ody AFH}=EN ¥ 3
o A} WF Aoz B F vt
| T | |;3-
15’: Al iy Pl
20K e -‘h o |
| F‘ 4 =
2 4 4 / 80 Mav |
2 "4 -
& A
=] 7/ ABOGN Ta |
05-F 7 oD ]
b N Y -i
I..':..:.-l.+- |.'-'.'_'|'JTI""-”-' il I.-I i
I.'EE:i o 10 15
i1} :' i In'.‘! I:I'I"l-‘?:l
Fig. 1. ¥eines ol {Acice) as a funeios of bon-Nuence fior ERC-
filmn iremdiated with high energy beavy ions. Fog 3.8 Ge¥ Ta'™
irmadiation, (W) duis for the specemens covered with Al foil, and

(12 Tor the specimens walhout Al ol

O™ 9. o 2AF YA AN Al e o= ARG W



| [ P N —

© S& o
id B
1F & & ]
st g~
[ =8
o
- . o

£l -
m |—2 -120MeV Br
O --#--125MeV Br

ﬂﬁg -&-3.54GeV Xe
~ 0.4 08 1.2 16

@ (x102em?)

" 10, o AL oW Al A AR wE BIA Y W)

| 3.54GeV Xe

RESISTIVITY {mfem)
P2

0 100 200 300
TEMPERATURE (K}

Fig. 7. Resstivity—iemperature curves for EBROO-film mea:
sured (2} before immdiation, (b) doring warsing up to 300 K
mfver irekdiatsan with 3,54 O Mo sons al 1) k. and {c} during

the ssbsequent cooling dewm to <100 K,
19 11. EBCO ¥ehe] Ag-2% T Z; (a) ZAF A (b) 100K A AL F
300Ko. 2 F2A] (c) THAl 100K o]st= Wzt A



71 9] sputtering@ laser ablation®] &= =
oxygen® 200 MeV silverE ZAlste] QA 2E9 FHEEY W3slE AF3

o] ATh[7] =2 ol AL AU A= JAE HAATI= ZEE 5t ¢
A 55 2 stal Age =2 XAIFO R st 2RSS @A & &
T Y StAT FH =L kA 2ANFS 23]8 annealingS 2 3]

(recovery) & Hol7|% 3T
Al 2 Aol AN &

A

A% "gatel] oA C12, 11127 183 Au-197 °]&S &
=2 ZASlY] 2 A RAFAZY M3 Fag AR
o

k1

ZAV
=
=

ol

HITh[8] MgO 713919 YBCO BF4to Au-197% C-12& Z=A}FSH § Raman
spectra :-‘f—@,‘é} 9 129 139 YER ). Virging} MgO = sample©l] A]
ZALE A 2 9 71He A AT, AR AR A FALA o3
ZFQF3E 570 ecm oAl 2 broad structure”} YEbG FHolth o]# & broad
structure AL FZ AALZAFAHANA BFEHH, 1 129 139 A&
ZALE Qo] FAHE AFAYAY disordero] ok Aolth. I 1200 A
Au-1970] ZAtE A9E, 9x10” jons/cm’®] EAMFEAAE  Raman
spectrum®] W3}zl gtk whde] 3 x 10" ions/cm’e] A% 570 cm ol A
broad structure’} WEFI ™ 500 cm’olME O@4)e] peake] EA3TE 7 x
10" ions/cm*e] 7% broad structure’} F 23 peak® Ho]A O(4) peak
< He

C-125 ZASE ASE, o]dY HioA 5 x 10" ions/em’®] A& 2
& W37t 91om™ 1 x 10" ions/cm®Y] S % broad structure’} VFERLIH
500cm™ 9] O(4) peaks YAt 28 13914 6 x 10° ions/cm’Y A&
O4) peako] EAISIAT 1 Hxw wl$ ¢slH, ¥EHO| broad structure®™
uj-9- okalth 7 x 10 ions/cm’®] A9-E broad structure’} $AIFS &
F ok Ao ow =2 dosedlHE (2 x 10" ions/cm’) spectrum®] EE
TZ7F AT, ole FxY 4H% disorder & BIFASE JEHATH
% YBCO qu‘:””ﬂ«] A9 distortion®] AlZE = YA FAA ==
C-129 AL+ 6 x 10” ions/cm’, 111272 5 x 10" jons/cm’©] 3L Au-1979]

ALE 3 x 10" ions/em’PS & & AUrTh

|



iradiated wilh 252 Moy " A P
-
=~ "
e e e ot
1 ar §
T 5 _._d—.-'- E h"""\._
. - _—
oo e et .
! -.
i ! "
el Tk N A e M
i Fa10™ krsioes’
[T - ™
|. N r b N e =1
2 e I
Ia_-;,;ﬂ__h_? e g
.
g
I -y

Rarnan shift {em™)

19 12. Raman spectra of YBa,CuzO; films on MgO as deposited (virgin)
and irradiated at the indicated doses with 252 MeV

| wencisied with 10 MeV "C

—
PR R

Pl -1 .
e =T cam'em’

—

=

| =ie

LRl PR - .

3 s g e i S
1

Taf’ oemic

£ i

R Sy A S

()

‘r..h‘..-".u [
= R R sl
i 10 e
" .l'. ]
far AN . e ™
[ ——_ = g »
I| af I —— -"""-_.F
""r“-'\-"\-l-\.\_'_\_l__"__ R e e o Rl e e e
——— - - - i
W) X0 30 [ lna ] W30 &0 jn ]
Boman shift (cm )

719 13. Raman spectra of YBa,CuzO; films on MgO as deposited (virgin)
and irradiated at the indicated doses with 10 MeV

_10_



agEkgHoe =z 438k Pb-doped Bi-2223-& AFE3}e] standard probe
tech. & 2 resistivity & % Atk ZARZAL (1, 3, 5, 7) x 10 ions/cm*¢]
ZA O Z 100 MeV AFAE AFESFATR[9]
LA, —
10 i“_';“_"_ L
:.I!: B
:.l'll- |=-:Illlﬁ'|I
g oot 22
? I'i'"l: .II,;l |
;'1 zaeal | F, ]
T, Tais- ] -
Z vom| fiis e "
. I
o i
oot i =
ﬂlﬂl—"'—" R e — —— T
HH:Il:lll"lll"l‘ll‘llﬂ"lulﬂ"lﬁ'll‘n'lﬂlﬂ
Temperalure (K
19 14. Resistivity plots of unirradiated and irradiated
Bi(Pb)-2223 superconductors
9 09 e e 2ARY exd WE Age] WEHE HolFth A
o] 27| HAANL e ZANFY AlHoA BAEHAT 2 XA
AlHEY Afv 2318 Aol FUIsIAT. E 12 AT oy W
gatel el Qo
Tase |
Wit paremeicrs characierintic ol irediaed sad unrraliaiad BiFERI22) samples
Flsence. TalKl ToadKd ATJE) TEM T 3 D ision ] Lt
e ]
“Usiresdimed | 167 LIl 4 D4 140 .4 2@ D@ies  1aer
[ 167 11} ] LR 134 a7} n @43 (1.1
1510V 17 ik f 11 s a3l no06% | 098
1.0% a0
Jilll:l"\' [ir 111 [ a4 1igs 048 i i i (1814
180 2LF
o 123 113 I 074 1S O3k n 0.0203 1493
54 in
AL ©]2L unirradiated®} irradiated A]¥ 9] fluctuation induced
conductivityE E#STH F 18 B ZAMFo] F718HH dimension©] 2Del

A 3DZ W3lsl

Pulsed laser deposition

e o

T Ut

H BixSr,Ca;CuxOx (Bi-2212) films

Jat3 E ghol A

Ho=g

2}

vJ__

=
9 )



o] AbAo]2FAL9t  thermal annealing &S A3 TH[10] Power
transmission cablesol 4| 5-E Josephson-junction-based electronic devices 7}
A AHEE A= BiSnCaiCuOx & o8 WH e wgS2ow AFEHS]
o a8y A Bi-2212 WS HAtHuto] 2ol &t whEe] F3
z3 5o] HA 3} stofof gt
lon implantation technique A&9 THEZFo|L} A|xd di] AH&H
TAoY 2AEASAE 32 T80l oAtk @A 122
PARAFEEE MAdste Aole HITHLE AREHJIAR dAREES
+ d4ES 259 Ton implantation®] ©-& 3 71X £ A5
ion-beam-induced crystallization 3l= Zojth. o]2H& o] &3 Si
recrystallization &78°] A& AFHJS W, o] TF2 ¥ 2=4 o
ANF 9] epitaxial filmse] Aol HEHA FGIATE A2oM e o] 2Rl
o] &% A=A AR B3 A= ATA [Tk

iy o 1o rr
P>

| T d
! g W U S -1
= fu.._AJL_%__JlL._,L_A._, Uﬁn"t‘
> J'__J_JL_H \ | sic
E M L TROC
= 750°C
o T00°C

L. P L as-deposited

0 20 30 40 S0 60 70

Cu Ko /268

19 15. XRD patterns of the heated-only films ;
The peaks marked by open circles (o) indicate the Bi-2212 phase and by
solid circles (®) the Bi-2201 phase

9 a8 15& MgO 71%919] Bi-2212 vtute] I gujo] #3 Aol
S22 242 gAo] vefstal, wHEAAHQ AVASE EHA

_12_



__>|’]_'4/
rr
K
o
2
X
lo

ZAEA ASHFY pinning centerd] FAHLZ FHE

AADFLEE= L S7H8kAl ©of ©] 23 pinning centers 2 EA] Ul Fo
datA dAdske AR WY T 3 THAE, oY dH e =2 EA 9
stof A ZF-9] pinning centerS F/dst= Aot ERZAPEHE S A
+ E4o| watA Proton, electron, charged ion¥ neutron ZAF F°] AL
o, SEAZALE AL3 e 2APHS 2AMEE AR (ERAEAE F45
= €74, Y, Ba, Cu, Sme)9}e] AJautgol st oy 74x] AL IBAHE
= AR, 2AHE AT EdLAd 2dF8e 484 Yy =+
AAEAS] A= A AREE Qs YBCO A=A FAMH R
AeWe] A3 25 FAsHA Aot

FTAA A BEHE HoF = dlolHolt 5K
3 Aol wlE st F7hgko
i J. 57F= HllcEYg H
TAe 54 Aie 5K
el A%, 7V & J. S7PF &2 A4,

O

AAHu F o2 YBCO ©AA %*éx}a /‘P‘]‘_ T A% s #
Zste] Byttt 10 keVE W= primary recoil ¥9AE9] tiFE2 defect
cascadeE ¥oFt} 2~7nm Z7|9 AES zZte 2SS HFgA A
SRt B AEFLS 4nm AEolal FH strain fieldE 318 SHH
10nm9] ++ FElE EA5tA E}. Flux line¥ coherenece length+
T A 1.5nm, 77Kl A 8nm A= =©] 10nme] Z7]= flux pinning
sted AAe A7dS & Ak TAFO] FUHE wet 2d e
7VsbAl "tk 2FAE, 100 eVY ¥l E e oY A| recoil 2nm HU} Z&
Ato]Z9] point defect clusterg AAGA71H o]Hd AHEC] ES pinning
site2 ZH&-gtt}.

YBCO Htuto] F42 XAl dAAFEE

P

1 ro & &

18 MU

rr

ro ofN to rlo I fu

i
W
=
ot

EAFNA FstaL



sy FAsE AYTEE Yaats Ao B FAY 1Y dHow
£ R 2ARA L) 2A8R0E BaE Qo Aoz vk 44
ZA & musitka 4 A ok

Al 2 A. Melt processed YBCO ¥ STAA ZAF &3 [11]

PMG) ¥4 71&=°l <93l

%= THlE F°] melt-powder-melt-growth (M
A=AE 7Fgste] Y2034

YBCO ¥aAE A=zttt MPMG 7e2 =

Bol HA g F oA o] AFAE vA FHste 2117 HFo] He &

T2 71483 & 11@—3}04 FZAHEo ,]o]] ZAT AAo] AAHA = vt

HHolth 211 Ao 242t 12.8%, 17.5% /% MPMG-13 MPMG-3 A1 =9
I

o 5} o XP“ H C) 7] W& I z;‘qﬁﬂr T AE BT Aol Sk
e} J. Arste AR HPgon 2114 o] =S MPMG-37}
MPMG- 101] H];}O# EE A 2dA AUy oez =& dAA
HoFAda A2 A 2] At Mo ad 17L&
AR 2x10° m?9] FALE (E>0.1MeV)e] MPMG-3 =9 Ao w
AXRFEEY HEE HoAgFY, HE 77K 52 2&=9} 6T
M= Jo S7H7F mlulekAIRE 1 9] o] djFi el J oA o F
o} o] AEFo 4x10" m?9 RANFS RANSE A, 1o F7HEQ b
F Aes & F AMeH ol *E3} (saturation) EHE T 1
ol BXo]l Hll el AF =2 ZAEOA] irreversibility line] 1A 1
o Z °F7F shiftdS E 4+ A3 HllabolA+s 238 #A42ddsS 2 4+ Aot
olot gt Mo 2= FUHAQ Aol Hasitta AF3tAh

Flux pinning capability®] 7}¢ & 42 ZAF A 23 7271 A9
o] flux pinningell 7}g F2A o dojxth. =, Addo] A9 gle
o AF, T4 AR st WAl Aol A st 1008 A= T F
4 AAJh wbd weby 2

Av)
rlo
kit
9
e >

o% 1o

iy

av
i
PNz o 2R

s
] < 239 .8 #AE oF7IAZIT Melt process
T, o] F7A FEHR Apoleo] EAjste] W z}AFe] 77Kol A

=
Bic)
—_
(@}
=
1o
oo,
o
Y
=il
=)
Frl
o
ox
o
N
)
ok
4>
% r
32
ui

_14_



o't E

////

il
10| T g |
0 1 2 3 4 5 8 7 B
B (T}

R 1l Eﬁ&um_uunrmmdu:up,h-wr-
sngla cryusl BRI The ssmbals Ofrom Beasas s kg of B g mier 15 0
Fallvering: meuiron Asewcen (of. slos Fig 3100008, 1, 2, & wed & 5 A0 g3
. I ) T, e ) T, M b T, B 0 T7K, W

et ]

LofE

w_
- 1
g :L}a’ﬂ\ i
o, [ = 1
:E__ - {
aly '
1o .
10"k 1

tofE \
[ Hle T=77K

o 1 = 3 4 5
B (T)

Fig 1 doh, Criboal poreet demitien e forcrion of the stciion 8 (8 i waphs i
viagie syl 1AL, The apmbals (frew boiom i mop of the i geesi rekr j ke
Eallawing mesticey Mhiri: B, 63, 1,2, 4, ansd W 0 1081 oyd [Full AbEVL (TwTTE,
HxY

I (a/m®)

——
o S

. Hlab T=5K
g i B 3 4 & & 7 8
B (T)
Py 1 L Creloil e i al P B i e i o

wirghs rystal HWTH, Ter vowids from boiom woop of fe Ngom) sies e
Bullowng peovon Mescen: 0 G4 8,1, 4, and B g [P P Bl TieVl  [Tem
LA

oy AT

. Hila,b

T=7TK

1 1 i i

2 3 4 5 8 ¥ &
B (T)

F‘Iiﬁ.ﬂhﬂn“l--lﬁqﬂ-ih_nhﬂhh-ﬂh

siagls crpssl HWOL. The symbob (o botion i wop o the figorer) wiw 15 6

lalkrwing, newiron Neances: 0, (L5, 1. 2, 4, el & 1090 3 e, | MY} (TP,
ey

oo

a9 16. AZH T4 AN WE JARFTEE WHE
(@) T=5K, Hll ¢, (b) T=5K, Hlla,b (c) T=77K, Hll¢, (d) T=77K, Hll a,b

_15_



1.(10%/m®)

Tl mbals  ; usirrgdiaksd
upln.:'!:"mhnli i ir:!l'.!l-'qmﬁ

0.1 | 3

,unH"i{T."J
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goh 2SS ol F= dA= AT AYAY FAHA ZAKHF keV in Y, Sm,
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meVe| AUAE 7H A& FAHA= AVIAES pinnings & F Sle
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19 19. Effect of neutron irradiation on J. of SmBaCuO sample
at (@) T=50 K and (b) T=77 K

U. Topal[12] 9 d7E2HE, 44 A= Sm-123 A=A 9] IAA
FTEE()E T7M7I= BEdARITHeH, 442 S Y-128 23=A B
o Sm-123 A=A flux pinning®] &EZ7} 531H o= Yo Sme
thermal neutron absorption cross sectionzto]o| A 7]Q1gtt}. welA| Eu-123
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oA o AAARLE ZFrphMol Bestth UwkH oz HTSCO) A
pinning centers= AFLUEE F7/MA 71 A2 HuFEI 9o, 1&4&FA
2} ZA} (fast neutron irradiation)t ZZHE=A AFE Wo] vluwFd T3

=rE A7)e AgxAS FA4%Y. 18y ebw 9
FF A ZA} (thermal neutron irradiation)<
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1% 20. The decay of radioactivity in the case of Bi-2212 with impurities.

| H7He Bi-2212 A=A 9] AZto] wWE activity W
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Ca-45 9} Ar-37 52 ZHTAY AAHQ activitys Aot 17 212
Y-123 A EA 9 activity 73 #4S& WEAT Ba oy CuZFE 719
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TAA FAE Te Y ofyEl, ARWFA Z2ds FAs] AR
pinning centers ¥ /J gt} ©] &3 pinning centers= pinning forceE %7l
71H, AafA o2 J. gto] F7tstAl Hoh. 122 53] low-energy neutron

irradiation ARFEE &S F7HA7I= 233 Wyolth

250
— T=77K
§ 2004 _

g,

F‘JD fa{
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19 25. ] calculated using the Bean model, as a function of magnetic
intensity. J. is increased by 30% for the irradiated Bii7Pbo.4Sr2CarCusOy

sample, compared to the virgin sample.
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Aol 7HAE ZHSHAl . Low-energy neutron irradiatione Bi-ZJ %
A 7148 dRolss Mt Fo.
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(mechanisms)2 FAHM, 1&EFAHAS] B¢ inelastic interactiono] &J%H
ozl Heoli, H&EFAdAe] ZH-$+ neutron capture reactionol] <23+ o
UA dgoz ¥ dAu. 2EH0=F Bi-2=AZA A low-energy neutron
o
=

S7MA 7138, 7147 E 9] resistivity S 7FASHTE

Loy
N

irradiation< T.
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Al 3 & T84 ARl 93 REBaCusOx 2 =A]9] AL B 7k

A1 A A
1L 2HAE A5 Y critical current densityE A 7= 718 el
WS magnetic flux linedl pinning centerE =¢3t= Ao|th. thafst WAL

A, F84, A, 44, o2 5= A
centers FAGst=H, I T FAAA AP BE WA =

o #8stth. 53], /44 Ak st AR HEATY £E7F dHHe
2 homogeneoussttt. 1y 2HE AF5E T
/Al ZAEE WAL} (activation)H o} BHFRE F
710l ol & A¥Hom Hrlst= @AV Basit.

-

o r

Ol

Al 2 A AL B

474 HAE #43E NAC (Neutron Activation Analysis and
Product Isotope Inventory Code System)E 43t F7}oll AL A Th.[16]
NAC ZEv= TR ZAME 943 AzdA WEH= vk activity S
Atk = WAFs M7 (radioactivity)= TAA ~HEJ, AP A 2
ZAL F A3 AR gz 2Ao] " o8 A g
ol Folof Itk SHARE A ARt TR WSl A4
3 sdae FF R O PAbe Al e AR AR B3 AR Al

3

719l ®ists AlE g
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A 3 A AR A}
1. AR Z=AF 24

2 AR JEARERE A& dARQ] SuERe A AAE F IR
holel] FAA&S o] &3ttt =AM o] &3 T4A SFER ] 19 26
o el ok AAZ NAC ZE=d+= FAA AUAE 4 group (0 eV~1.1
eV, 1.1 eV~ 55 keV, 55 keV~0.82 MeV, 0.82 MeV~10 MeV)o.2 &3}
A& or st wEb 19 269 AHEHS Fo3 groupdl REEF ZAL

stel A shack

_26_



IR AbE Wl 1 FL (168 A7t &¢ T4 =AM 23= A7
o WAE AEE ALY g AREE 539 AR ABEA
NdBa,CuzO,, SmBa,CuzO,, LaBa,CuzO,, HoBaxCusOx, YBaxCusOx&} base &
& 71#oz @d A7 Ni, Cr, Cu, W 4 F& H7}3dh

Normalized Neutron Flux

10™ 10° 10® 107 10° 10° 10* 10 10° 10" 10° 10" 107
Neutron Energy (MeV)

a9 26 ATE AAE FUE ZALE IR F29 FAA ~HEH

(total neutron flux = 3.93 x10"* n/cm’ s)

2. A4S A8 HALE

PAEE FAULEZRE GFS TR kel BEaEn lstd 2
A= ARZRE f28 FA929 7, WA A7 B AFES Bl 4
B3l wded, T4 24 F 10080 ARE ANHL VIFLR gk 2
23 A|7re] W dose rate W3S 1o AT 3714 dose rate= W

218t 1 gram®] 2AE AAZRE 1 m "ol FoA AXE zrolth
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7F. NdBaxCuzOy

E 2 FHAEA 1009 A% F 3AshE NdBaCuO (1g)9) Abs #4E

Isotope activity dose rate
P (mCi) (mrem/hr)
BA133M 3.97E+00 5.44E-01
BA133 3.97E+00 7.51E-01
CSs132 1.71E-05 5.53E-06
BA135M 411E-21 5.23E-22
CS136 8.01E-05 8.85E-05
CU 64 9.92E-51 9.47E-52
CO 60 8.04E-01 9.56E-01
ND147 4.04E+01 3.50E+00
PM147 2.87E+02 1.65E-02
PM149 1.34E-09 7.29E-12
PM151 2.68E-22 5.52E-23
10° §
10 |
IS
SL 10° u
% \.
E
o 10°F
8
g
10" -
100 1 1 1 1
0 20 40 60 80 100

Time after irradiation (day)

9 27 A 7ol wE A AEE WE (A & NdBaxCusOy)
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1}, SmBayCuzOy

3E 3. FAAEAL 1009 A2 F WAREHE SmBaCuO (1g)9] ¥Abs 4%

Isotope activity dose rate
(mCi) (mrem/hr)

BA133M 3.94E+00 5.39E-01
BA133 3.94E+00 7.44E-01
CS132 1.70E-05 5.49E-06
BA135M 4.07E-21 5.19E-22
CS136 7.94E-05 8.78E-05
CU 64 9.83E-51 9.39E-52
CO 60 7.98E-01 9.48E-01
SM153 2.96E-09 1.51E-10

Dose rate (mrem/hr) at 1 m

10° 1 1 1 1
0 20 40 60 80 100

Time after irradiation (day)

19 28, A 7ol whE AM AEE WE (A R SmBa;CusOy)
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t}. LaBaxCuzO,

I 4 TAAZRA 1009 E F ¥A13kE LaBaCuO (1g)9] WAFs #

Isotope activity dose rate
(mCi) (mrem/hr)

BA133M 4.00E+00 5.48E-01
BA133 4.00E+00 7.56E-01
CS132 1.72E-05 5.57E-06
BA135M 4.14E-21 5.27E-22
CS136 8.07E-05 8.92E-05
CU 64 9.99E-51 9.54E-52
CO 60 8.10E-01 9.63E-01
LA140 2.00E-12 2.32E-12

10

Dose rate (mrem/hr) at 1 m

o
N
o

40 60 80 100

Time after irradiation (day)

19 29, Ao wrE AR AdEE W3t (A 5 LaBaxCusOy)
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2}. HoBaxCusOx

35 FAAZRAN 1008 A F waslE HoBaCuO (1g)9] WA

Isotope activity dose rate
P (mCi) (mrem/hr)
BA133M 3.86E+00 5.29E-01
BA133 3.86E+00 7.30E-01
CS132 1.66E-05 5.38E-06
BA135M 3.99E-21 5.09E-22
CS136 7.79E-05 8.61E-05
CU 64 9.64E-51 9.21E-52
CO 60 7.82E-01 9.30E-01
HO166M 1.37E+05 9.40E+04
10°
.
- 10" | u [
E
E
5 10°F
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