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Abstract

The conventional eddy current method for non-destructiveinspection of welding joints has limitations that can examine
defects to a certain depth below the surface of the sample and is not suitable for determining deep defects. This
limitation can be overcome using the SQUID superconducting sensors. The nonstoichiometric composition of YBCO
due to its superconducting temperature and desired critical current density is widely used including the use of highly
sensitive SQUID sensors. The properties and temperature of the superconducting compound are related to producing
pure and homogeneous with a precise ratio of this non-stoichiometric compound in phase Y:123. In this study, the
production of this high-temperature superconductor was carried out using a sol gel self-combustion process with nitrate
forming elements and then produced powder analyzed by TGA, XRD, scanning e ectron microscopy, and EDX method
and optimum conditions for production of Y:123 superconducting nanopowder were obtained by sol gd sdlf-
combustion method. In these conditions, the superconducting phase Y:123 was produced and the impurities were
removed and on the other hand, the need for further thermal treatment and the costly annealing process were removed.
Finally, optimal conditions for deposition of this compound on the substrate for producing the SQUID sensor were
investigated and an optimal condition was presented to produce thin layer YBCO deposited by pulsed laser deposition
method and patterned to produce SQUID High temperature Superconductor SQUID sensor. Finally the SQUID based
NDT test for detecting sub-surfaces defects was investigated.

Keywords. High temperature superconductor, SQUID, YBCO, SrTiO; substrate, Sol-gel self-combustion, Non-
destructive test.

P Sl pesie anin SO glils 5o Lol Sl gose 0L~ oo =1
S5 olibes 81 Lbley il slpe K3 Eoles 4 ol 03le

L Lol 3 S caslie 058 zaS (Te) Sl les

S e 050 SO Jseme G35 0L 0565

‘(’}:‘"":"}ﬂ O 3l 3 b Cpe el Gl

[1] ey al = i

S L caiS Yobes bl ol slse o5 1986 UL s
MOV R VIR LW A LY 90 ;I o ol e lyls
Sbt sl ole Cu S LS 5 L golye as oS YU Les
Slos 250 53 a8 VL Sl UL, ol slos Lo & dzen
53 13 edls e Dl lag S (el mle O %0
UK dien sl WG Sty oS s e Bl ol _olales
O 1y oS5 enl 5 2 bl ol Gl sl (1)
[7-1] aas s

01l Y2123 L YBCO Lzl 4 « YBaCusOry S 5
S les sgd s S VL UL, o sles Ws 4 g
5 i 3 S8 (1) US8) el gl 035
A58 4 oS 63l 5m 03 po st a Ll ol slse o 5 508 5
23l sy Sl Gl i Ll (e 5L SHU LS
ol oy S eslaad b Ll ) ploe Slueslel Lz
Ol oo A bl Olalils 31 (ol sl a4 ol o

ﬁ)Lj cuﬂ.ﬂﬁn.h)l.wj.plﬁc J.:MS\):}.; g_,‘.;sj:)‘ Lﬁuj:j)

S iy ol o3 dle alie sl 5 0355 SV
Sl Sope 0 Oy besle 5o sdddd s s S 0L~
Gor plpls e SeiNl e s e Ges
b Jsome Soas 03 o Aal spdome ol LU alE
CAd (Gees g a gl sk 4 LU S
SoB RIS s e SRS JSKe
ol 3 el e i ol b LS s S
Aal g Al s 55 5 4 S S S50
o "
25 4 I el S Vlles bl ol (s 55

[6-1] sl sal o OLES ol o il 3 53 65V Sl
SISl g Sl gl R canles S o0l
el 55 FGes @ U5 e il Jirs (3 Shes
b Bloy ol o 512550 0pl 53 500 QIS LSS 0500

4] 5505 el o 5 5Ls s Lot &8 55 o
Coglie ol sl gles 53 oS Laea (gal5e Lla ) ol 3l 40

Sl Olsee Ll sy e o 31 6T bliae Olis 5 SO S


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

99 97-113425-4 c1399 QMU;)LQ ‘10)1».5 cv—i-.'.-': ‘JL—: cb‘ﬁ‘ ‘5)&.:3‘,:.- 6)3\&53{!315 4?.1':'5 c.\;.uj"-.\:a:-;d«h) Q‘#

Slye 4 ol ln o el Bl ol ol w58
SYsb e @ el o ole (T Ss3) o pllas 03]
Jol sl Ll 253500 5400 Les o5 5050 53 O3S 5o
35 5 ol s il SRl OS] Gl gin B o5
Ol Sk 3 O3S 0L o 2= 53 315 il 455 900
Al ke 05eaST phena] 3 £ 038 3 s 5 068
920 550> glos 53 O5eS| huadl p3 i [11] 55
245 cole i s esgde 3 1S sl a3 950 G
33 2 61 Yame s Ss EF s bl cela
600 b 400 _,les o3sdoes 3 Lo gase 4ids 3 5l S sl
38 sl 453400 51 a8 glos 3ol 38 le 4o
S S 03 S9N B apd SF S Ll dsed
G VL lales s Ll ol sl sl Kl 4,5 900
455900 31 5VL U3 slse b oSl STy Ws 4 Lo
J10] 55 al o slio sl S il

S S56LE A5 6l K15 e YBCO bl il 35
G35 Sl Sl ISET Loy Sl 1355 LS 4 (o 55!
Olge o Gl 3 glas plS Lajlpl ool s blise HLa
(old e oS slaialsl 5l addae o 28 3 e
53 Chpiay e Db 1) G g wldcag; (S5
Ul sles b slady sSul 5o 590 L b 53 5 o
3 eblie Sl SSE s 1 peddas 28,0 ol
[20-8] 5,57 4y (S

Bt gl Y S oAy Loy $ous 58
Sil- Jlasl K ol ol (A3 ok Jeaie S0 gblu
gi o odsl sudr Jlal Ly chns Jlail S S
0555 3l Wilg e So 8l lacdr b dalpt s
Sy i K bl ol 4 Bl Sl SHE Gl
Sl Ogmd i il 52 b 5 SO sl &S Ll ol adl~
Glos lady Sl 5, S @ L S eIl gl Ll o
sl 5l oS Lag Ll ol S S0 slalie dol YU

.b:jskf oalal GLA dj)j':'.‘." L' a.b}..;m_i.\:- Q}.\.\JJ?

235 R 5 0358 e 5 el S b 1
S hay S5 VL ks sl e s Ll
o LY pde Sl AL hns Sas imen 5 2y
ok Gom DU el 4 (Saals 5 el U s Lays
0 Ol b L e (Sl Olo3 e 3 Bl ol A

[8] wsl s 5 g 1 Sl Gla s, Lo

180 T T T T T T T T T
Hg-Ba-Ca-Cu-0
(164 K, High Pressure)
150 | N
Hg-Ba-Ca-Cu-0 (134 K)
TI-Ba-Ca-Cu-0 (125 K)
120 I 7
Bi-Sr-Ca-Cu-0 (110 K)
3 _Ba-Cu-
e 90 F Y-Ba-Cu-0 (90 K) n
= LLiquidnitogen @7 K)ol
60 [ La-Sr-Cu-0 T
(51 K, High Pressure) 4
MgB
La-Sr-Cu-0 (35 K) 1/’
30 - N
@ ®Nb_Sn | La-BaCu-0
vs Nb-AlGe (18 K)
———eyNo 2] Liquid helium (4.2K) |
0 1 1 1 L L )
1920 1940 1960 1980 2000
Year

L7V Ol bes Ul il slge Sl o sles-1 s

ol J2S s SUlS s & Gl o I3 Je )
S5 s Sen s ol L SKam O3 IS 5 (6 e S sl
e ol 2 el e Sl Sl g s
oot LBl l ele Wls 5 LSSl g gleang

[9] et s
Py Ol s IS e s a sl WSOl e
Sl slpe 5 JolS La 2S5 U spd LSS L sadad 5
Y1123 (S5 Jels 0sble S b s disd pob oSS
Sy o oole o) 3 S sl a5 1040 1 1020 550 s
« > BaCuO, 3 CuO .Y;BaCuOs ol.s ;5 o S
SN sles 5s YiBaCsOr ey 351 5 Al dal i
950 & 900 5 .3 dalss LlLLL 58 sl ax s 650
6/5 3| 1S S5 05nS| lgms il oL S Sl o
I opl 3l esle S1ad aale JUSTS Sltla 5 esy


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

GlalS sl ams 3 3,8 o IS5 YBCO (s s «ls
odd iy, S 5l LS YBCO wils laj o codomy LS
055G allivy S5 SVl 555 o i o5 Y 5 &l e
o=z HTS lang Sl W Gl o028 5k o
ol VL s 5 S Sl de el eslind

1] el Jlast

Bicrystal grain
boundary

YBCO film

SrTiOz bicrystal
substrate
Slals 5e a5kl VU Gl O gud g Il Soles J&L-Z s
JLI] ey st s oalizal 5 40 s S 53

a5 DLl A8 o A &Y 55 Sy ok S 20T
olin Y55 s el VG sl Ll e Sl b il
ot 5 S bl AL e T placs i 51
Jliy SSS 3 el andls (L L clize 551> bl
wils gl S asllss Jals 5 g AL 013, S5
o (B) o asd s s She ol 4 ormes 5 AL
Ol ) ¥y 5 ol e S,y SOkl oo
L S 5 sl 4 e Y 5 5 ok Sen s o0
S5 ik 5 e s aY ) ol Cslin ol L
Lo S 5 S5 O a5 0 s Wl s 350 0Ll S
S o p S a s s Oles s Les b i bl s o
BaFy 5 4 sbomer 5 YSZ LoV 5 oo e 5l (S
(ol Dlllas bl .43l e ALLOs MgO (SITiO;
AloOs S Jols b5 olos o > 5STs L 3
(1) dsds ool 0 MO 5 Zr0, SrTiO,

ol el Bl DL el 5SS e g Sl
Lok Old ek pmblie Sl (5 So3ll gl Kl o0
5, 8w 3

Il 55 ol de g Sl =1 15l 54 5 Ay 5Kl 655 55
5 LS o S dis 0L b oS Ll o) adl> 55 O sud s
Bl ol a5 0 geds o Jlal S ol rf oy Sl =2
S L dslee a3 b s k) U le o oS
S bs ol e (s e G55 O3 5 e
LS o Jesrf

lels 30 Jlasl L YBCO 5 36 ks de oy sl o
b el S3U L s ey SIS cladils a8 S IS
5385 U L bledd atle 0556 oS ulady Sl S|
Wledd sl Jiay s ol 5SS L glails e VL
Lo a5 655 YBCO ol Golsc sy Joli ol ST
ool 53 & MgO L LaAIO; STiOy  Jkew S
a5 o sl La; s sl sy 63, Kkanls
ol S b b S Bl & lsje S oandls
£3° ST LSl dal gt ey e i 2,0 b ol
sl Sl WY 15 655 YBCO (s Gslss sy ol
[8] w8 oo ST o il 5 VL s Laails

303 sy Oged g Jlasl sl sl SSUS sla s,
RS aad Bl il s s Lt ) 5SS S Ll
S e el ol jen IS 26 S pls 23
SIS L by onl 5L e s sy Ll A8
53 Opdir Jlall W5 Sy o s e Sl i)
iy S 53 (5140133 50 0 e g JLil (5 55l (sl S
sl

S Ll (GBY) i S 53 s 0 il (2) IS 3ollas
oS53 N 5 wilsspe (2,0 53 eddesls S s S
ol e Y 55 G (65, YBCO ailos ) b
58 e gz o2 YBCO L3 5@ s STO(100)
S Sy by s w¥ 5 5l eslinad Blew ol 4V 550


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

101 97-113W 1399 OMU;)L@. cla)\.«.-i'n ‘r.";.i': Ju ‘Mﬁ‘ QSJK“:"‘J’.' 6)3&;3("31" Aij..";i c.\;.djﬁ-.\:a’jd«};ﬂ) b‘#

il s DL ) g eslizal Ligas & (5 250

J17] o FIUIBM pios Lo 5 b (sl s
S kd s Gl ol Sy S S
R S5 ) W b Zs e L YBCO (Ul
2 S ol 2 sl el b o) e R
(5) U [A7] ws w151 1987 Jlee 55 VU Les (bl ol 5l 4

'MJGA M“)\ a)tjCjL )j‘b M ‘) U’:’JJ U'i|

US gunll
N Magnetron source
Wafer holder

\\
360° rotation

Ceramic heater / Wafer
<+— Target 4‘

Negative lon
Impact Area

Shutter

\ Dark space shield
v

— | ¥Bco
target
o ' | Extended
T . . k| 1D-APCs |
e % ¥

Slice of
2"% phase

YBCO epitaxial film

[18] b o s Sl f‘)ﬂ} -5 Js

ji““"' &QS Lﬁ ujmj.:.c IR L;Lﬁali:.w} Sy 2
wbouﬁ‘@r—:”j‘)—::’%‘lLﬁJﬁﬁJd‘\ﬁ)&”‘

ora by Ll ol S5U Y ws;y ol cnle a5

Film Substrate Interaction

.

VT
A\““““““\““\‘\

«— Superconducting
film

4+— Reaction zone

4— Sybstrate

);J:;Uwwﬁ;,YBcov@wWﬂ&gw-sp
[14] s Kl a5 900

sbebsy 3l a¥a) sbel e SEU AY e, Gl 2
(bl prgey (G ANl L s 0 SSUS
D abard A3 s 5 (PLD) o (o5 A3 5y

[16 5 15] 355 g0 odlanu] (cvD)
S oy el Ol pas iy Sl Al sl
Gk g ol 55 28 Al 5 el AL 4 Wl
& il e eslial BB 5L L 0315 ey (ST ]
5 S3dsose bk Mg O el VL 540 s
ailan old A5 OISl S ol dal gt ) nlin Sl
2l w el Y5 Soml sl glales s Ll
woglite AL Glagten 53 by dal ) R,
s Y oSl aile s ls i sblie G xS SRl
sl BB G 3 ol 6550 s 5 8L ol LS L
b S e LS Ov\*ipg ol DS s

ot (4) UKl dals s w00 S


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

[14] Gl 11 b 36 ohd s (5l i slaa¥ 5 5 =105

S pSss okt (K ol bl (b5 K)o S sl

- 15x10°® 3/88 3/86 .11/67 S s8] Y-Ba-Cu-O
180 10x10°° 3/905 S SITiO,
78 10x10°° 5/16 S Y-ZrO,
9/7 12x10°° 421 S MgO
12 3x10°° 5/43 S Si

318 1x10°® 4/91 5/394 Jb,815Ks SO,
1072 6x10° 4/76 12/9 I 5515 Al,04
15 8x10°® 12/383 e GdiGasOr,
- 8x10°° 8/085 e MgAl,O,
27 - 5/52 5149 /77 Sen 555 LaGaO;
15 10x10°® 5/357 6/66 I s LaAlO;

- - 5/15 .13/86 I 5515 LiNbO;

5 S pshiles (e osae slaai b el 10
P s s Lyl sl els Ol (-T) S
b askd 53 el 150 Aol U bt (s 3 0l
Foske b oo e 90 I sbls i Sy ss e
1yﬁ‘ﬂdtf50;>uaa)w\,ugfltw)\)
Do pat (ot gl ke 05 plil 5 e e
Tl 2> S s Ml i ol il e 5 e
Sluis 5 35 okd Sl SQUID s, cos O b
Cuaxdye Slathe 4 axr 5 L el b had e wbliss Ol
Rl b eblae gledl (7)) UK as o
s el a3 o OLES SQUID Sl eslinal L 1 bs s
eSS eslial b e 5 glagal e Gl
sdalie BB Laosls cpl 5l eslinad b ol (glopls 0L~

o]

gl Ll e 1 L Ol am Ledies oS (e
Sl S s 4 LSl G e Sl
2ol 5 RS e S SS 4 S LSl
W5 IS Sl S5 580 IS XY Gl e
2 e e peblie b3l 5 e sz i e
G35 D S SaS L8 358 s P Ol DS
LT 3 Sl Sk 5 AS e 3L g S
Jows 5 e s Ol Sl s Lsdie el il
L eabline S8 L el oo XY jaome 53 Ol p S >
on o olsr b sk 4 (6) JSa sl sl ol
OLES ) o sl Sm S8 w0 s S 0L e 6

[6 5 4] s
o 2007 Jle s [6] olshea 5 Oldisb
ol 5 sacke 100 5 0 ¢ rerdes 300 sk b o site )T



http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

SQUID output (V)

103 97-113W 1399 OMU‘Q)LQ cla)\.«.-i'n ‘r.";.i': Ju cf)‘ﬁ‘ QSJK“:"‘J’.' 6)-9&-9("31"' Aij..";i ‘.\;.ajﬁ-.\._.q’jw:.u) [)\#

Obr e s Ghas ) e ol Sldlas s
Uit 5 e pmisp 4 S sl S SaS w3 S
e Hob 4l sl s p Oladad 3w blise glajsle
soop w2019 Jl s [6] olshSes 5 Ll bl
53 BL6L wlakad e 553 o W Sy b sl O S b
IS S a8 s e Kl ek
23 logas a8 0 Vlles Sladas 53 oIS RF
a5 B16L SUT 55 53 il e S Jlal Jome
xS, o Do 08 D S ek » ok
4 o Sl Ll cud 4 YL gl s b sl
3l sgmy opd e fAd 35 B o sl s La)lS
S5 G @l el g 5B s W Sy b ae
bl (31 oy 3 Sl 4 a5 Ly dal ke o S
Oy GhasSal bl gl Ko oS L o
o3 skl by e ) Gl GBS Sl
S s Ol (S ol o3 Sl
Ab el e o5 sl 4 s Wy B 5 Ol

.;)ﬂwsgﬁj«xﬁf)&j\ Solme cpl by 5y ols

0.5 -

-0.5 4

0 llI](I 2|I]0 360
Distance (mm)

s 3 7 (0 5 oseme ol b g sin ll anbad (1 - 7 IS

[6] s 5t S b

FLL
Electronics

Liquid helium
cryostat

Input

Reference
—@mpliﬁer

[ Oscillator ][ Micro voltmeter ]

SQUID|
Excitation|
current
Pickup loo Voltagel
ploop Outpugt —
Excitation coil —

XY controller
(x,y coordinates)

Sample
[2]6.,\,&_9&‘;.‘.}&.«54;uj>uﬁ9 o A&NJ-GJQ

amio S 2007 Jle s [6] olishSan 5 Oldr b B
Sl 5 ek 100 S5 50 ek 300 Ul b o T
53 8 b Oler (g o sias Glasal b ek 10
P s s Lyl s els Ol (W-T) S
b askd 53 el 150 Aol U bt (s g3 0l
Sk b oo e 90 I sbls ki Sy ss e
Lo e S0 Koo a5 ol e Loplil
Do pat (ot gl ke 05 gl 5 e s
T 2> S s Ml amis ol il a5 e
Sleks 5 35 okd Sl SQUID s, cos O b
Cuxdye Slathe 4 axr 5 L el b had e cwbliss Ol
Rl b eblae gledl (7)) UK as o
et ol a3 e 0L SQUID Sl eslial L 1 La il
S oslinal b b 5 slaal pasiS sl
sdalie LG Laesls cpl 5 eslimad b ool glopls 0L >

o]


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

Ao DTl S 5 T o 5 s bl S e
sl zo S 5 INOs lad g Coyso ol 4ol sl
Slakams 13 85 St Aol el 3 5 550 0 2o (5L
A el OF Sl S e S8 G b B L g
5 80 sl b ol plem s e sl L
s LS esls 8 pbliae Oen S s 2 @l S Sl
Lgm il 2S5 UK, ol gl O i s 5
e cplpl sl s Sl 0L B L HCIE Oy
355 35T e 4 Dlon 53 sk SLaOs 3 s JB
Lo ol ol s 5 5 o g L) welsl L &S azils
S gl gy e 9 BAS RS el DS 4 Dadne
S o Sl gy K25 s 4y Jskon S5 Sl
A fleze s Ceon 4 0L Dl 2

3ol S 3 ol Sl O S S
S Ul 4 psel S K i Ol S0
Sl 3t Ty Jsloms PH ol 3 b 65533
CS 58S spde MK satn b G laog
Wl bl s Gl s b s S

Jols Ky Gady Jgoee 5 Sy 3 sy DIl 5o
453100 sles s i s ol s aalsl s
P SeS 4 ol e Bl el ol > sl sl
sbul wle J5 esle ol s Wy, aslsl Lol halS
sl oals Ol (8) IS js ksl Ly, A sl
sl

eSSty s 4 J5 S Sl e (8) S Gillas
38 Glacl oSoS paipel LS sita 5 SOt A
Al JS s

Pl b 5 L sy e 6 G 1 o 5 oKl
s 250 sl U yS Jls s Gl s sla Sy
| VY SN VO e IS L I Vo iy Y\ P sl Kl
S Ll gl p @y 5 s S g aeS sy cola
el a STy ol SOL

SLpts 3 38 GOk 2 sl Gl K5 e
on Jyene st 3 6 a0l 51 SQUID wl
23Sl Cslite o pd e edlinad o S 0L = Lo e
Sl IS5 Glopls Jo S S o o Faome S
o3l 3o el Gl Lo S a8 somme Sl 30l 50 (22 03
s isad 53 oS 0L il sl 558
S bS5 STl 5L s, Oles b ite wbline
38 Ol SLls et s e Sl le s
b Jusl oblias Olbs s esline SQUID ;e
Obr s 35 5 s aalr Son L, SQUID
Sge de sy Ll o 4 Sl (Sas eddedil S S
Jo ol a8 il o 5l gl Slme A gl Ll
3l bl Ol Sl s Ll s ol 5o s S
[2] e oty LBSQUID Lau g oose s
Olgs & cor S = b i e W06 > 5o ol i
Dyh e KT SQUID oy baws i JWKw ks
GBI slos s aalad s blite W 5 S Loges
38 s (sl p G Sl S S Jl s 00y 0 s
e Oy slas 53 Sl S s s bl ) I
G e sl o Sl S Ol s sazme 30l 13
Chile o b o L eblie ladlte L
LS 53 0Lz sl el abline Olis Sl ks 353 o
PRl S SS S ) s i S
P R gt X L IR AN C VP P L]
ol S e bl XY amin g 3 1y G0 b Sem
Clatie b ed jsax 5l i K S L
[452] 55 el ool LG ad Jo

el 5 sl -2
sobe Dl b Jsle W5 Gl Sras )
i uslie sl Gl 355 U5 sbl 5 YBCO ol
5 CUNO3)2 ;35 5 Ba(NOg)z 55 Y(NO3)s ols 5 5


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

105 97-113A:=M 1399 QMU‘Q)L@. cla)\.«—i'n ‘ri..ﬁ Ju cf)‘ﬁ‘ QSJK‘:‘J’.' 6)-9&3("31"' Aij.:i ‘.\J.ujﬁ-.\._.q,jw:.u) Q‘#

oy gl -3
5l S Glesgdee 53 YBCO (g kil sles  Jslas o3 5dme
Sllas Jgams Ll 5 53 osyls 3 51 S sle a5 1000
o B oo & 0 S Sl (S S
LS 5 e framen 3 Y211 56 O SLS 5 SIS
Olomar oSS Dlkas 3 S5 0L cule pde o550
oilabe b dalps ool S S Al dal el
i 05l s e alST gy BB s
Sowbie Ol 5 o2l Ol o 2eS L (Y1123l
900 VU L3 S 5 ol pde @ ax 5 b OS] e
A w Guspe DSt ] RS 5 oS sl 4 s
£ Y1123 56 oul LA e s il sl S0T 5l
DAl o eSSl slos men 5 355 e Yi211 56
a3 5 YBCO (g 058 gt 8 oS 5 53 QST
Glos cpns 35,5 0 O GUluy ol glos 5 ol 2alS
Lol b Gl S o My Sl 53 Coeal ST e
a5l 53y wses 3 (TGA) alo S o 035 05031 LSS
2l S s Ol end Jlsas (9) S5l 4
sareia (9) IS5 51 a8 jskailen s oo 0L 1) ad sl & sa
1S ol am s 840 ssum 5 L el Wy g ol
Sl Gl Sty eSS 4 bge S cud Ko sl
3l Sy ol i es Yi123 56 4 Lol L 5 eS|
4 00 s 5wl s e AS] 5 BACOs (slajl fis
a3 B0 5y e o I ASL e Y1123 50
Sl Y2123 56 (g5l o3 gdoes 4 55,5 s 4 5l S sl

Glyee b sl w0 O 0us LS 5 56 cpl e 5l Lot

s e YL O5S]

Nhles bl ) 55 Bl 555 J5 o s X5, -8 IS5

Sl o J5 Joo oy SeS s Llay ol o A5 51 ey
Larg b as S 8 gl S v 0550 Jolbs ol
A b OF (6l eSS )3 0051w

900 los b ap oy ojsr Slalllas w0 a5 L1 el
9 ;\;du'l.w a5 930 Gles U2 £ s ;\;u.:jl.w 4y
cr Loaw ,» ‘:|j§du'l.w a5 970 les U P g
Dyad A e 3 LS sl S 6,5 53 3 °C/min aske S
G e s 1 °C/min oAb 315 sle ax53 700 gles
5 Lds S 0/5 °C/min Ak 315 sle 55400 Lo
m;)bé b‘)T LS‘)A)JJ C)l:- ﬁ)ﬁ)‘ o

eSS 359 slane Ll s el U5 3 g Sl 4 gel an
E R O R IV KRS SR
SRS Solo g pal Ay 4 e s ae
O3l 5 Sl axdl gl Ogesl (Sl s xS
2k S 5 e e W) ] (51 amecib
1 6305 5 L s 5 g el g S5 0L
W3S B ol s 055 2550 Iadoes

S & Sl oy Al L eddA) 5 g aslal s
;bfdu'l.w a>,5 930 gles 3 03,25 (5 e lw 1 BB
osle Q‘_,.& 4 dol>= U..Ajﬁ )| oslazul Lq LA k;;_,:—;u“
@Y s Soo 2 PLD (s iy Aulp b g e
o S0 Y 5 s sbel 2050 Culis 4 il STO
o o5 oaly sles 3 Sl ler Ul Ogesl Al
28 S 13

S S pane 5 axal b as Sl 3 S L oLt s
i S A S 2 e sSel slle ol e ol
A sl


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

DTG /{%/min)
0,
TG 1% Flow /{ml/min)
F25
1101 250
F20
105 ¢ 200
F15
1004 S
F150
MassChange:r-B_DB" 10
95 =
s
" s 100
Residual Mass: 96 88 % (999.1 °C)
o P--....--..-..-.-q...n--.-.A.---.-..--...-uu.---a-a--...-,.H.-.-._-h-a,w\p»ﬂ-—.-w-n.--..-v.um.-n.q~..._\,,_.._.~h "_,,.,.J\.m'-s.-\.-.'ﬂ‘ 0
g 50
Peak: 843.9°C 5
80 1 11
0
100 200 300 400 500 . 600 700 g0 esn 10
(IR ST IRCE (DS TR i Temperature IDC

.aMJJ}JJJﬁ‘;uﬁWQj}J‘JF'gJQZ

i S s G e (12) S
ool anie (12) K 5 S jskailes s
b oSl CsSas Sn gl 53 S e Sl 28 1)
LB oo glaals Olbe L3 s Al Sods, K
andl (55l b 4 a5 L b s ol sdalie
O3St YL il U gblie (11) K5 55 € e ol oS
O3St (5 o 5S gial Gl b glasl s S 55 &S
s eSS STy eSS pde 5l EL 5 el VL

s o 0 dallin
53 e e Ol 1) 2 s WSOl ansl (801 (13) s
2l Gl ol S sl a5 930 b LSS sles & gel ]
S Sl GlS 5 S 58S edalie Ol e S plas
Gy cib 5 cal s po S s S s
Dl Sdd 4 romen ol YI123 56 L LS e s
5ol @ gt Y211 OS5 L b sy oS

Liles gad sl

2 el i3 3 sy o TGA losed @ x5 b
b S sl am s 844 S 5l 5L les 63 sdea
970 5 930 900 5 & Latised sly LndSS sles s
A eSS glie lales 53 @sed aw g LS Sl a5
b gad oz 42 Sl andl Bl S S8 @ e

AL s

b oS d sl WSl andl Bl oS s (10) S
Ol 1y el ol LSS 518 Sl s 900 sles
ool aria WSOl andl il 5l S jshiles cas e
BaCO; 5 CUO O LS 5 Y123 LS5 sy »odle
Ll plileds Sl ol nl il e S5
ol eSS sl &S L s s LS b 4 ST
g Dl ey S Sl VL les eSS

SIS 3 A 5 ) S S5 eib Goomes
Ao ag Lojles ds S5,

sl g Ju S oS S s (11) IS


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

107 97-113amiae 1399 okl 5 Ll cla)lmi ‘r..i..‘& J Ol ) LSJ‘S“:‘J’.' 6)3h33r315 @ S L B e g ooty O e

Y:123
200
Y:211
2 =
100 (o] o= d o Y
= U o = i
] = = Y
Al A 8
Y =
k L‘Lw i I
| |
AT A M‘
T T T | R T
40 50 B0 T0 2]
Pasition [*2Theta] (Cobalt (G o)

oS Bl 53900 b ot ST s (oS0l andl zencib =10 S

SN @SR S Sl By i o n Sl
Spod S S $5A Pl e 5 S
bl Dy 2 sl

Wy S S G S S s (14) 52
o oS S 65 il (15) IS8 5 2 ol
Loobdslb d14) Ko U llas cdas o 0L 1) @ se
Olge & Y1123 56 s 5l alie slal 5 555805
S5A i Sl (i 5 dledd sbl J e
Y123 56 (558 sl ol S Sl 505 S 5
Sl a5 b S glae Lol
03 adsl g eSSl e (15) UK s sdeslsolis
Sl Ao TS5 3 cd 518 sl x5 930 gles
le 5 e Sl o3 22 ol o) s TAIT ()
el Y1123 ol 56 a5 Kby oS 55 dalys O3S
1S ale a3 970 b WSS gles [l 531 3 &gad 5550 3
andl il oS (16) IS0 @ s Lol Ose
S syhie edalie was s Ll |y wsed ol SO
3 s leds JalS w4 g0 YII23 56 & by e e
el les S A, Y211 56 L b ey s Ob
Y1123 bl o 56 bS5 ag slos 3 LIS SOl alies

el e3be ey 53 Y1211 50w

SEMMAG 2000 ke Det SE VEGAN TESCAN
SEMHV: 1500y WD:7.6302 mm 2um v

1 AJKidﬂgjfﬂ‘&j&)J&ﬂ)@—llp

sl s 5 oS5 bl pud Sl alies oyl
N U s Y211 56 Sl ke ool Y211 o Y:123
Joes bli ol ag dalgt e Ll ol Ko S5
a3 s 3 (g bl iU L O LB
a L5 00 8 BlE ol Bl ol 45 A5 5 5 sboeen s
Coe b BlE s gope DL DASJB 5 le I SIS

23 gal dal gt SaS WS Slis )3 O35St J gl


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

97-113 420 1399 DMUJJL@. ‘1a,L~..':. cr...:-ﬁ Ju ‘blﬁl 6)&53:.- 6)3h33r315 4.;’.:.1' "\;‘“)5"\2'“"36“:”") b‘# 108

cpsfeV
4.0+
304

] Ea

] 0 [Cu b4 Ba Cu
204
1.0+
0.0 |1M.' -~ I .|-|...JJL.‘L.~.|.

5]
1oled 6505 WSl andl 55173, =12 K

Poshion "2 Theta] (Cobalt (Co))

31,8 Sl 453930 (gles 55 ol LSS 45l w&\w\w%b-l?)p

36w Sl S 5 05mST Ol (Rl e e 0L
b s eS| 5 Y211 glasl 4 Y1123 bl
aibate 5)l5 gles esgdoee (ul 53 Y1123 (S 5 5y dals
S s 033 Sl se3 5 45 5 sbOles 5 353 0 LG
L nles e3sdme (nl 53 05 Gutm JU 5P el 5 sy
v Y23 56 dols SLS S O3Sl Ol il

A Al

s S Sl pnpal 53 elad Wged Sl anes
AEag SOl a5 il @S s s S
b ods oSS 535 s g 5SS s (17) S
S ol sl das e 0L 1 sl S Sl ax s 970
Sl SediS ekl Ca @ S350 (555585,

as e 0L | Y0211 & Y3123 gl J

13 sl € yad Sl andl (6550 e b (18) s


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

109 97—1134:#&4 1399 DMUJJLQ cle)u “...i'...f& Ju ‘b|ﬁ| 6)&53? LSJJL";JCJL’ 4.;)..';'.1' ‘.\.'..wj"-.\:a,jda:.a) b‘#

L4 = 116.33' nm

1

A ¥~ L3=8595mm
L5 = 80.20 nm

L2 =67.95 nm

L1 =58.10 nm

SEM MAG: 50.00 kx Det: 5E YEGANL TESCAN
SEM HY: 15.00 kY WD 7.8459 mm 500 nm i

2 A)LA.‘:I dﬂ))ﬂ“.@j})ﬁ‘;}fﬂ‘ ‘jjg.wj_)g.:nji)aaj‘l4‘)§.&

cpsley

10+

8_

5 Ba

i 0 Cu E Ea Cu

4_

2_

O_ T T Il . |I ||= I| L | T T T

0 2 4 g 8 10

2 ojla b gad WS 5 55 il s,81-16 IS

s e Aol aS 35l e atiie Bgb el ST @ ged 3 anslis L
b e3gdema 5> e S = 19 KK a-g L Sl ol a4y Copo 2 o le 4 gad Slp eSS g
35930 VL b Les 2l 580 L Isdome 5 3,005 35 5 ST O35l 2 ojlad Ggad eSS Al oSS sdome s
A e ol 5 Y1128 Ul ol 506 4 5m ol S Sl Wbl s S S ol 2y 3 gl S s

el 43 S ) g O3S (Gl gie il OLis 15 2 o)led &ged ol S ey s ses (19) IS


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

97'1134?&5:«0 c1399 DMUJJL&\ JUL»..Z cr-.:-:l dL.e gb‘ﬁ‘ 6)&.5"’.- 6)3‘}33{".\5 Aif.:.s' ‘u\:&a‘,"’u\:&-’j&;ﬂ) b‘# 110

Samplal- Y:211

Postion [*2 Theta] (Cobalt (Co))

oL Rl a3 970 3 0 oS €500 oS0 an! W;A.:b-lﬁjﬁ.;

53 o e el IxD sl (STi0s s Sss
Fr S s 38 B eaSe S s, Sas 518 om alsls
oils 1,5 Hz 5 585 L 0/2 ACpulse™ 50> s,
Sloio slagsl iy cpl 53 esle (31 @31 JUast s«
S sS 5 pshe sk el Jlw S skl il
olo (525 ol (nlply 5 Npdor Jite @Y 5 4 Saa
s SRl Ll el GLSy G el b s
1-2 Jem? 55l (KrF) 248 nm g dsb s oole
d mbar jLis 3-4 cm Gus Aol 3 mm? Gua dbi
S sl a5 780 Y 05 sles

e bl 0sa31 Gesb 5l s 03 55 S b el
140 eslial o550 OLr 235 U3 s 2550 sl
s Sl op Sl T s ksSss 3l 5 el
|y eddd 5 3Lk bl ls 5es (20) Koo oslina
Slos das o 0lis (20) s oS boles cdas e OLES
bz oS ol S 9 s s 5L Sl bl
Ak s ol S50 S ol bl sl e Sl
S o SlsaY SLL abs e B Ul gl ol Lais
NGB Y

L YBCO iy b S iy psas (&-20) S
50 N cules B S0 aY as jidg Aul b das e OLES

S |.\.341 4l

4 -
SEMMAG 1500 ks Det SE VEGAL TESCAN
SEM HY: 16,00 kY WD 8.0066 mm 2pm "'

3 n)wuw‘j}fﬁ‘ ‘;ijg“”)_)g':"ji)d_l7jg“;’

Al oslizud PLD gy 5l 56 Y Wb as il ¢l
ot i 3 OB x o365 K s YBCO Gia
Sle ks el S KIF ¢ 51 1 JPUlse® 50 Ll o
= s ejlsen Gis Oley (b s o3l el 4 ) 5,5
Gllae (L &y ey SaS LG ol B
A o e a el mb g I i s a0
ol y3d S a5 Gl SIS OV PLD iy 5 S
N5 A s) STO Jltey - UL G S Y 5 555 0


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

111 97-113425-4 c1399 QMU;)LQ ‘10)1».5 ‘V’;‘:‘ ‘JL—: cd‘ﬁ‘ ‘5)&..2‘,:.- 6)3\&53{!315 4?.1':'5 c.\;.uj"-.\:a:-;d«h) Q‘#

cpsieV
10+
8_
5 Ba
d oy Y Ba Cu
4_
27
o—m "‘""\""'wl'|"'| “
0 2 4 6 3 10
3ol 4 yed Sl anil g5 B 5@1-189}&.2
DTG K%/min)
TG % Flow /(ml/min)
1204
250
- 40
110 - 11
//_,’//) t30  [200
100 { — -
Resichual Mass: 108.80 % (586.3 ¢y [ 20 150
90
L 100
80 1
o o o i st < B s | et e e e e T g Y i -—.---u-a.-h-\-wf--v-v.\y.p_.'--ﬂ-iw.fk\"j 0
! 50
701
m [10
sn{ 0
A L B A 4 A o 1 e e AR A B S 14 . AN 8 1 B s i G
100 200 300 400 500 600 700 800 900
Wl RIEM AP was v Y Temperature fwc

oSS Al e 2 s ples el e S s 035 s — 19 S

ol JSE 5 eslS Jaw 5 03 S 303 (Soslpenr s
S e W Sl S5 R ol
Shaag dalg plail BB 5 s skl ST 4y (5 S
S A un S St S0l
b aghe 2 Gee b e S S b b i
Slp dusSel e Slagiens Sl cas e el
U ol UB 5l iy Gas U SGims g ol

G5 4 i O (5 5SSl S e (S 0L s
20) IS5 o sl iy S S eme L3 L s S
s e Ol el as Sl L olg K s (o
L5 G s el gl Olge S ol
303 oslitul blae sl Olge 5 s (3LayISST
S O e g e S S sk
S 5 s SAIXY K5 SQUID s Sm s i


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

97‘1134’55&4 c1399 bl:"",‘u.})l'e clB)LMz cr-:-n: dl.w gb‘ﬁ‘ 6)&..:"’: 6)Jujr"lﬁ 4.;;:-1’ ‘M)"’..J?“,Jw;"’J b‘j«‘“ 112

LSS L Jyeme Hsb 4 Gy oo Slacus i

[A] e s LB sane

S S -4
P S 2 gladle 3 Vhles bl ol &V gams A
3 4 S8US Glas IS 5, a s ol sl (o SKatr
SlaelSins 353 03533l ol nl 5 Shos ol e
Olr SaS L bl Dlmio 55 e e pd el
Gl b S tien baelis der 35S
woed ool oo Wb Lo bl ol slpe SHU Wd L edia) 5
Cae Gleld edle LlSies il b B
303 13w g Ry Ges 53 &S e K30 (ke
DSl ks Gats BB, Jsane sl sy dhews
o Sl o J5 e ulp e b GRS ol Lo 5l
L witls; YBCO bl il 53 A5 ol (oilutings
Vo okt L Y123 Glle, el LldSS wie Jal i
Sl ols Gt o J5 o dul b abs 4 0ddl 5
LSl as 930 Lol s B o8 5o ate S
AL Sl s 700 glos b 0AaSEs s
o5 ol am s 400 gles b 0a st walsl s 1 °C/min
ol e B85 g s 5 05 °Cimin £ 5 L
fs 4 SOl Sl s el ST slsa (o me 3 6y S
SaS M5 osle s ol ausa RalS 5 Ayl
SoS Ll 5o sl dal Gl el S
il LiE s & PLD S5l eslind 5 STO &Y,
Ay S5 sl STO Jbes U a5 65 2 2
g el B0 S s s b s Sl S
Sl Oole &8 ws ol s Pde ¢l wg bl
S ki 1-2 Jem?® 550 (KIF) 248 nm e U
&Y 5 sles I mbar Lis 3-4 em Gas Aol 3 mn?
04 sy 55 &Y 5 bl il slos 31,5 sle x5 780

e ) @urkﬁstg\ﬁ%éu;‘«s.uéﬁﬁjw rsls

03 g eslaal

T,=93.2K

R(?)

0 LJ LJ LJ LJ LJ
100 150 200 250 300
T(K)

Ll 2l S50 o (slalaii sl oL, Ose3l s s =20 Lo

G 5SS (0 s YBCO idp b iy s (1 -20 S
ol el JMJKH

Gees o olle s ablae gl jasliS ioces

dbuly 4 oS osd e eslanal et Ld Ul Dlio


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

113 97-11342“ c1399 QMU;JL@ ‘10)\».5 ‘V”;‘; JL-: cd‘ﬁ‘ 6)&.&}9'- 6)3\&53{!_,15 Aij.:a' c.\;.aj"-.\:aa-;do;-d) Q‘#

New High-Tc Oxide Superconductor without a Rare
Earth Element", Japanese Journal of Applied Physics,
No. 27, pp. 209-210, 1988.

[9] Schilling, A., "Superconductivity above 130 K in the
Hg-Ba-Ca-Cu-O system”, Nature, Vol. 363, No. 56,
1993.

[10] Bednorz, J.G., and Muller, K.A., "Possible high T,
superconductivity in  the BalLaCu-O system”,
Zeitschrift fur Physk B, Val. 64, p. 189-193, 1986.

[11] Liu, R.S.,, Wang, W.N., Chang, C.T., and Wu, P.T.,
"Synthesis and  Characterization of  High-Tc
Superconducting Oxides by the Modified Citrate Gel
Process’, Journal of Applied Physics, L2155, 1989.

[12] Roas, B., Schultz, L., and Endres, G., "Epitaxial
growth of YBa,Cu;0; « thin films by a laser evaporation
process’, Journal of Applied Physics, L 53, pp. 1557—
1559, 1988.

[13] Koren, G., Polturak, E., Fisher, B., Cohen, D.,
Kimel, G, "Highly oriented as-deposited
superconducting laser ablated thin films of Y;Ba;,Cu;O;-
4 on STiO; zirconia, and Sisubstrates', Journal of
Applied Physics, Lett. 53, pp. 2330-2332, 1988.

[14] Kumar, A., High Temperature Superconductors,
Springer, pp. 110 -120, 2012.

[15] Lee, H.K., Kwon, H.C., Kim, I.S,, and Park, J.C.,"
Influence of the calcining temperature on the
superconducting transition and critical current of
Y -Ba-Cu-oxide compound", Journal of Applied Physics,
Vol. 63, No. 2, pp. 568 — 570, 1989.

[16] Tinkham, M., Introduction to Superconductivity,
McGraw Hill, New Jersey, pp. 20-80, 1996.

[17] Saxena, A.K., Principles of Modern Physics, Alpha
Science International, Oxford, UK, pp. 510-563, 2007.
[18] Méee, P., Matsumato, K., Horide, T., Ichinose, A.,
Mukaida, M., Yoshida, Y., and Horii, S, "Enhanced
high-field performance in PLD films fabricated by
ablation of YSZ-added YBa&Cu;O;, target”,
Superconductor Science and Technology, Vol. 20, No. 3,
2007.

23S gl S et s andl as S 5, .ol YBCO
LS S 4 iy b s Sl (5 S S
3 S 5 e g Sl S

@\;.a
[1] Maozemoff, A.P., Fleshler, S.,Rupich, M., Thieme,
C., Li, X.,Zhang, W., Ctto, A., Maguire, J., Folts, D.,
Yuan, J., Kraemer, H.P., Schmidt, W., Wohlfart, M., and
Neumueler, HW., "Progressin HTS Coated Conductors
and Their Applications', SQuperconductor Science and
Technology, Val. 21, No. 3, pp. 1 - 12, 2008.
[2] Nagendran, R., Janawadkar, M.P., Pattabiraman, M.,
Baisnab, D.K.,Jayapandian, J, Baskaran,
R.,Vaidhyanathan, L.S, Hariharan, Y., Nagesha,
A.Vasan, M., Sankara Rao, K.B., and Ra, B.,
"Development of SQUID-Based System  for
Nondestructive Evaluation", IEEE TRANSACTIONS ON
APPLIED SUPERCONDUCTIVITY, VOL. 17, NO. 3,
pp. 3824 — 3828, 2007.
[3] Geshkenbein, V. B., Larkin, A. I., and Barone, A.,
"Vortices with half magnetic flux quanta in heavy-
fermion superconductors’, Physical Review B, Vol. 36,
No. 1, pp. 235-238, 1987.
[4] Omar, M., Nondistructive Testing Methods and New
Applications, In Tech, Croatia, 2012.
[5] Leggett, A., "What DO we know about
high Tc", Nature Physics 2, Val. 3, pp. 134 -136, 2006.
[6] Repdianto, A.S. and Kasai, N., "The Improvement
of Flaw Detection by the Configuration of Uniform Eddy
Current Probes’, Sensors, Vol. 19, No. 397, pp. 1 -13,
2019.
[7] Tanaka, S., "High temperature superconductivity:
History and Outlook”. JSAP International, No.4, pp. 17 -
22,2012
[8] Maeda, H., Tanaka, Y., Fukutumi, M., Asano, T., "A


http://iutjournals.iut.ac.ir/jwsti/article-1-306-en.html
http://www.tcpdf.org

