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(Critical current density. Jd 6J1"t113J1mvi"nL'i11if"il:;junu~m'VI1.Jii (T)nL'i11~a Jc iiYi1L~3J;jU . 
L1ia T ~~~" 

lui! f1.f'(.1914 aaULUtl Liv'4U11tlu13JLLliL 'VI~ntl13JTHlfi1~1[Jtll1TY.fll1[J1~ti"L~1in 

L "liUL~ [J1 nUnUfl113J'VI U 1LL \i un1:LLtlL ~Yhn L'i11~ a 51f1113J L i 3J"lIa" tlU 13J LLli L'VI an tl"n11Yi1 
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tlU13J LLli L 'VI ~ ninqtil~1tt1 [J1~ ti""il:n~1[J ~111W Liht~1tt 1t1n ~ ~~.yiLi"il1nn11'Yltil~ a" ~13J11f1 
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-n3J1: Kresin;& Wolf. (1990). Fundamentals Superconductivity. p. 10. 
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l1Tvitl~::nElU 1-3 (n) LLa'~'lGl1ult1n~'l 'U.a''U.l3JLLa,iL'VI ~n ('iJ) LLa'~'lGl1Ult11~ fl'l 'l'U.a''U.l3JLLa,iL 'VI ~n 

~3Jl : Kittel (1997) . Introduction to Solid State Physics. p .344. 
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f.l~n ifll~il"iJ::~lJ a'11~1U 1 tl1~ fl'l~ €l nt 'VI 11 ij~ EI'l LLiil::,"nf.l~mf~n iil'lfl113JL "ll1 'l"iJ LU'U.LL 'U.1 
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L~tnn'U.ila'1~~ii~nt'VI1Jij1nf\~i.1idl'U. 35 Lfliil1ll. LUll.a'11~lUlt11~fl'lLLlJlJ:'lL~3J~COnventional 



e:JUI.'V\l1iJGf-\l(High temperature superconductors) 
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anna3J'V\it-\lfiiie:J-1fltJ".l::n e:JU"lIe:J-\I 8'YlL Yitl3J-LL1JL'itl:JJ-~1L 'V'l1"'Yl(Y -Sa-CuO) ~-\l111'V'ltJ1"::n e:JU 1-4 ~ , 
.,:::I A":s At .d~1 ~.cd d 
:JJe:JUI.'V\l1:JJGf-\ltH 92 Lfliil1U ~tI "lfLLiil::~UI.:: (Chu, et al. 1987: 405) 6Jl'-1LlJU~1"-\lLL1"n6Jl'-1'V'lUGfl1"'Yl 

, 'Il 'Il 'Il 
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tfl1"-\I Gf1'l-\l LLUU L'V'l e:Jf1"e:JvJ GfLnrf 'V\ a-\l,;)lnJ Unl1"v1U WUGfl1"~1'tll tl1~fl-\lfirh 1 'VI'~ e:JUI. 'V\l1iJ1nfl ~ 
, 'Il 

Gf-\l 01 luna:JJL6Jl'1"liJnari-.ijlu1u:JJ'ln 
'Il J, 'Il 

nl1"~nlYl tY'l1"-\lGf11-\1"l1 e:J-\I~1Ul tl11il fl-\l e:J UI. 'V\l1iJGf-\l"ll e:J-\I Gfl1"tJ1"::n e:JU L6Jl'1"liJn L~'t'h l-i111 
, 'Il 'Il 'Il 

L~".l-\lGf1l-\1~tJ1"::n aU~1t11"::U1U"lIe:J-\I CU-02 ijanlYUI.::djwiu ') ~-\l111'V'ltJ1"::ne:Ju 1-4 LLf.'l:: 1 U 

1"::'VI11-\1-iUij e:J::1il a:JJ"lI a-\l tiil'V\::"lfii,~ ~ ukua ri~-\I a::~ a:JJd YilW"l~ Li~luu U 1U nl1"Ul LvJvh~-\I Ln~;ju 
'Il 

4 

lu1"::ulu"lIe:J-\I CU-02 t~tlii~h~n~1"e:Ju"lle:J-\le:J::Iile:J3J Cu Lilu~1nl1"iilflqJfiYil1-iLn~Gf111'V'lUlt11~ 
fl-\lLLf.'l:: 1 Unl1"f.'l lila UI. 'VI 11 iJL~Yil1 'V\1~1"-\lGf11-\1"l1 e:J-\lt:-J ~n LtJ~ tlU LtJLLiil::nl1"fit~1"-\lGf11-\1"l1 e:J-\lt:-J ~n 

, 'Il 

LtJ~ tlU 'ttJd Yil1-i Gfl1"na:JJdLLGf~-\I Gf:JJU'1i~1Ul tl1~ fl-\l 't~ L 'V'l1"l::U::,t UGf111'V'lUl tl1~ fl-\l~-\lij , 
~11:JJiilflqJ t~tllil1"-\ln1J-.ijlu1U1"::U1U CU-02 fiijluL:JJLf.'lflf.'l ~-\lnal1 L~11nl".lU1LvJvh"lla-\l 
8L~n~1"aU~1Ult111il fl-\lluGfe:J-\liJ~ 



5 

Q .. 

111vuJ':i:::ntlu 1-4 lfl':i..:l,ri\.1"l1tl..:l~1it1£J1~~..:Itlru'VIl1ij~\, YSa2CU307 
1 'IJ 'IJ 

vi1l1: Suckel.(1991). Superconductivity Fundamental and Application.p.222. 

l~ijtlru'VIl1ij~nq~tl..:lvitl~ 
1 'IJ 'IJ 1 

2. ~n1!}1a'lIu'1i't11..:1fla-mf"lltl..:ltl1':i~1it1£J1~~..:Itlru'VIllijtl..:ln&i1l Y-Sa-CuO 
1 'IJ 'IJ 1 

3. L ~ tl a'i'1..:1fl1111V-1i'tl111 'U.n1':ifi1..:11'U.~i £J~1'U.~1it1 £J1~~..:I tl ru 'VIllij tl..:l 
1 'IJ 'IJ 

'lJ £)11 L'lJ Gl'lJ ih1 r R ";i\J n T'i1~ tI 

tl1111':irl tl..:lLfl':i1:::~~1it1 £J1~~..:Im:ill Y -Sa-CuO LLUUntl'U. viii tlru'VIllij~nq~lh::::l-l1ru 90 
1 1 'IJ 

Lfl~~'U. ,,~ 



. .::c 
1JYlYI 2 

1lt.:Jllt1,)£JYlf.:Jd Ylrn::~1,)£JL~~nM1Lana'11.:J1lt1,)£J.yILfitJ1-na.:Jnun11L~1mJ 
'II 

~1ti.1£J1~fl.:JmbJ Y-Sa-CuO LL~::n111~a'3Ju'1i'YI1.:Jwa-mf 6i1.:J~::m:h1L~~.:Jd , 

. 
n1'iL(;1~tJ3J (;}"nb tJ1(;1 U" na3J Y -8a-CuO 

~ 

Liia.:J~ln~1ti.1tJ1~ri.:ln~3J Y-Sa-CuO LUlt~1ti.1£J1~ri.:ln~3JU1n 'J fiflmiwwu 1lt 
, , 'II 

if~~ult L~iin11L~ £J LL vd1in11L~1£J3J a til.:JLL ".d'VI ~1 £J'YI1.:J altL~ afL lt~6i1.:J~1i £J~::Lt(i an ti.l La'lta 
, 'II 

Ad..::l I A a." Q.,oO.J' 
1nn11L~1£J3J~a.:lU1.:Jn~3J1~£J~.:Jlt , 

1lt11 YI.Y'I. 2003 u'i';-'Y1 tYi h11 t~YhL~af6Jl'lmr (Colorado Futurescience. 1988: 

online) L~ti.1La'ltaiTIn11~.:JLTlt1::vf~1ti.1£J1~ri.:lna3J Y-Sa-CuO L11~£Jii1a'~mJn1ru.1ltnl1 , , , 
~.:JLTl11::vfa'11na3Jd~.:Id fi'YIL'YI1£J3JaanL6Jl'~ (Y203) LLUL1£J3JYl1fumlt~ (SaC03) , 
TlaULU afa an L6Jl'~ (CuO) L~lL~larn'VIlliia'.:I ti1 £Ja~iilt1 LL~::ii16Jl'a an6BL~lt 

, 'II 'II 'U 

1ltn11v11lt1rn~~~1lt~a.:la'11:-.:J~lt~lnU~n1£J1'Y11.:1LTlii~a.:la'11n~3J Y-Sa-CuO 
.,. .,. .... .,f ... 
3J a'~1'Y11.:1 L Yl3J ~.:J,"Tl a 

'U 

(2.1) 

~1nu~mtJ1'Y11.:JLTlii~.:Jn~11 a'13J11flv11lt1 rn3J1mUltn13J a an3J1 L~ t~£J~::'WUi1 Y 203 

6 

,,:S aA d I e:f A ..d A.A a I • Q..I 

~::'VI3J1 £Jfl.:l3J £J'YI1'YI1£J 3J a £J 2 a::~ a3J LL~::3J a a n6Jl'L ~lt 3 a::~ a 3J 6Jl'.:I3J1 ~ a::~ a 3J £J'YIL 'YI1£J3J3JTl1L'Y11nU 
'II 

dA.c:t Q..oI d 23 I A e:f 

88.9059 ~::'VI3J1 £Jfl.:l £J'YIL 'YI1£J3J 88.9509 n13J~::3J 6.02x1 0 a::~ a3J a'1ltaan6Jl'L~lt3J3J1~ 
• Q..ot A A a...o.c:t 23 

a::~ a3JL 'YI1nU 15.99959 ~::'VI3J1£Jfl.:J a an6Jl'L~lt 15.9996 n13J ~::3J 6.02x1 0 a::.~a3J 

~.:Itflt~1'V11Ufi'YIL 'YI1£J3Ja an L6Jl'~(Y 203) 6i1.:J~::LL£Jn aamult 

1lt~1lt~a.:ln'YIL'YI1£J3J : Y2= 2 X 88.9059 = 177.8818 

1lt~1lt~a.:Jaan6BL~lt: 0 3 = 3 X 15.99959 = 47.9988 

~.:Itflt3J1~ t3JL~n~1lt~1lt~a.:J Y20 3 iifllL'yi1nu 177.8818 + 47.99877 = 225.881lt , 
~1lt~a.:JLLUL1-£J3JTllfuam~ (SaC03) ~::lh::nau~1mLUL1£J3J 1 a::~a3J Tl1fualt 1 a::~a3J 
Add al IQ...o f:' 

LL~::aan6Jl'L~lt 3 a::~a3J 6Jl'.:J3J1~a::~a3J~a.:JLLUL1£J3J3JTl1L'YIlnU 137.33 3J1~ a::~a3J"lJa.:J Tll1Ualt 
~ 

A a I I a...o d. I Q.;' Q.,.I Q,..I 

12.011 3J1~a::~a3J~a.:laan6JfL~lt3JTl1L'YI1nU 3 X 15.99959 3JTl1L'YI1nU 37.99877 ~.:Jltlt3J1~ 

t3JL~n~1lt~1lt~a.:JLL1JL1-£J3JTl1fumlt~ (SaC03) iifl1L'Yhnu 137.33 + 12.011 + 37.99877 = , 



197.35 n13J LLa::ltti;l1'""lJa.:Jflm..htle:rfaanL6]f~ (CuO) ';')::t11::na1J~1t1 flatlLtlaf 1 a::fila3J 

ua::aantifiL,;,)'U. 1a::fila3J 3J1a a::fil a 3J"lJ a.:JfI atlLtlafiifllL 'thnu 63.546 LLa::3J1a a::fil a3J 

"lJa.:JaantifiL';')'U.iifllL rhnu 15.99959 ~.:JJ'U.3J1~ t3JL~fl~ 't'U.~1'U.~a.:JflatlLtiafaan L6]f~ (CuO) iifll 

Lri1nu 63.546 +15.9994 = 79.5454 

';'):: L~ el fil11~1 'U."lJ a.:J3J1a dj'U.n13J,;,)lntl~n1t11 Lfliid~ a 

U'YlL'Yl1t13JaanL6]f~ (Y203) : 0.5 x 225.88 = 112.94 
.,. 6' 

LL1JL1t13Jfll1"UElL'U.fil (BaC03) : 2 x 197.35 = 394.70 

""' n1"3J flatiLtlafaanL6]f~ (CuO) : 3 x 79.5454 = 238.64 

't 'U. 'Yll.:JtI~U~ l.l13J11"fI'tielfil11~1'U."lJ a.:J 3J1~ri,"a tI~.:J L~ tfil m.ilia ~~il.:JU'U.3J1 
'V\11"filaafil~1t1 10 ,;,)::L~11 

U'YlL'Yl1t13JaanL6]f~ (Y203) Lri1nu 11.29 n13J 

LLUt.1t13Jfl1fuaL'U.fil (BaC03) L'yi1nu 39.47 n13J 

flatiLtlafaanL6]f~ (CuO) Lrhnu 23.86 n13J 

i afl11"1::1.:Jel'U.fil1"1t1't 'U.nl1'til.l11"Lfi ii ~ afl11"ii'V\ 'll'1n1nnU~'U.LLa::n.:J 1i a L yj au a.:Jnu 
~ ~ 

~Ut-I.:JL il'Yll.:J~3J'V\l tI hLLa:;n11Ltla:;Ltfa'U.'Yl1.:J1iElLL~:;~1u<iil.:J ,)"lJa.:J11.:Jn1t1 tfil mu vn::a £i1.:J 

fl.:JLLUL1t13Jfl1fuElL 'U.fil (BaC03) LUUi.ll1ridJ'U.elUfil1"1t1 

- n11"t-li.l3Ji.l11"Lflii (Mixing the chemical) 

- n11"L~lL~3J~'U. (Calcination) 
::. 

- n11L~1"lJ'U.na1.:J (The intermediate firing) 

- n11"'t~aantifiL,;,)'U. (The Oxygen annealing) 

1) n11t-1l.l3Ji.l11"Lflii (Mixing the chemicals) 

7 

n11t-1 i.l3J i.ll1"LUun1::U1 Unl1L~3J LL 1"n"lJ a.:J n 1"::U1 un 11..r.:J VI 3Jfil~.:J,;,):;~ a.:J 't 'ifl113J 

ff1Yltya £il.:Jfl.:J<ii an1:;U1Unl1"dtfiltl'U,1i.l11U'YlL 'Yl1t13Ja an L6]f~ (Y 203) LLUL1t13Jfl1fuElL Ufil (BaC03) 

flatiLtiafaani.6]f~ (CuO) ~.:Jiiim!tru.::Luu~.:J tfiltl't;rifil"1U"lJa.:J3J1mUUn13J~.:Jd~a 
U'YlL'Yl1t13Jaani.6]f~ (Y20 3) Lrhnu 11.29 n13J 

d 6' I Q..<I G...# 

LLUL1t13Jfl11UElLWiI (BaC03) L'YllnU 39.47 n13J 

flatiLtiafaanL6]f~(CuO) Lri1nu 23.86 n13J 

~ i.l3Ji.l11"J.:Ji.l13J't 'U.fl1n aaiiUl flan 't iLi1nu';')::ii;L 'Yll 
'1/ ~ 

2) n11L~lL~3J~'U. (Calcination) 

'U,1l.l11~L'Yl1ri1~,;,)1nia 1 't~'t'U.rl'1t1aaihi1LLa1L~3J~Un1::u1'U.n11Lt-ITYiii 
'II 

aru.Vllliii.l.:Ji.lfiltl1::3J1ru. 925 - 950°C LUUL1al 18 - 24 ,T1 t3J.:J ..r.:Jitaru.'V\lliiriLVl3J1::i.l3J.yii.lfil~a 
~ 'II '1/ ~ ~ '1/ ~ 



950°C n'l::1J1Unl'lL(:,Il ffl'lL~ll~U iiLi]unl'l"lJi'~flTf1Je)\l, L~H) an L6jf~ a amnnLLUL1£.111flTfum U~ 
(SaC03) 

~ 
3) nl'lL(:,Il"lJUniill-\1 (The intermediate firing) 

ih~1'liiL~'J1nn'l::U1Unl'lii 2 LtJ1J~ lvid'Ju(:,I-\I iii:: La £.I~~1£.1fl'ln a iii ihb 
'II 

LLGt11~n~1J LtJ1Ul11 £.I aiilihbanflf-\l LLGt1l'b LtJL(:,Il1uL~lanflf-\l 1~£J lviatil'llnl'lL ~1I"lJa-\laru.'1Ul~ 
'II 1 'II 

mh-\l~~lL~1Ia~uii-\laru.'V\11~ 500°c L~1Il~aan~L~uL-nlLtJluL~lnl'l1~aan~L~ud ~£Jnil 
1 'II 

Oxygen annealing ~uaru.'V\11~ff~'t'il£.1"lJa-\ln'l::U1Unl'ld~::arjii 950°c LLGt1fl-\liiaru.v.11~ii."i 
1 'II 1 'II 1 'II 

a rjl-\1Ua £.I 18 .r1111-\1 

~lmf uiiI~a ru. 'V\l1~iiI-\I tA-\lnl'liil til a ru. 'V\l1~fhtJui1~~ £.Iii «lTl ill a ntJ'l::nl'l'V\'rt-\l~ a 
q... q cu QI 

8 

A • tJ;I e!I. A Od 0 A g., 

fl1'liil~aru.'V\111liil-\la£.ll-\1"1fl ') fla"1f1-\1aru.'V\111l~ln 950 C fI-\I 400 C nl'liil~iiI-\I"lJa-\laru.'V\111l~::tilfI-\I 
1 'II 1 'II 1 'II 

L3.i1l1nnil 100°c ~a.r1 111-\1 ~un'l::~-\laru.v.l1~ii-\l 400°C a~'llnl'liil~iiI-\I"lJa-\laru.'V\l1~ mil~:: 
1 'II 1 'II 

1Ilnnil 200°c ~a.r1 111-\1L~~uii-\laru.'V\11~~a-\l 
1 'II 

Lrl a iii ~ii-\la ru. 'V\11~'vi a-\lLLGt1'\.b~T,}iiL~i.tJ1J~ anflf-\l~:: L~LtJU(:,l-\l ~~1 ~it YlLtJ;1u 'ltJ 
1 'II 'II 

~1 £.Inl'la~ l~u uuri au ii~::'lllLtJL(:,Il~-\ln'l::u1Unl'l~ a LtJ 

4) n'nl~aan~L~u (The oxygen annealing) 

'lllffl'lL~~lnn'l::1J1Unl'lii 3 1~lul11tJaiiliJulanflf-\lLLtf1'lllLtJL(:,IltA-\lnl'l1'vi 
'II 

aru.'V\l1~ LLri~l'll wffu~ au ii~::L ~1Iam'V\11~a rjl-\1ff~lLff1la ~un-\lam'V\l1~'l::'V\il-\1 950 -1000" C 
1 'II 1 'II 1 'II 

am'V\l1~ii~iiff~~a 950°c fl-\l~am'V\l1~ii."i 18 .r1 111-\1 l11aru.'V\11~ii~1111nnil 1000°c 
1 'II q 1 'II 1 'II 

~::LtJunl'lL~£.I-\1~ a nTl'Yl1 iii 1 £.I 1fl'l-\lff11-\1"lJa-\lffl'l~-\lm:h1 LLiiI::al~~::r'h 1~ ffl'l~tilnUl11 tJaiil~ulL~ 
'II 

~-\I'If ua ru. 'V\l1~iiL 'V\ 1Il::ff1lii ff~~ a 950°C LLtf1 ~3J l~a antnL ~u ii a m 'V\l1~dL 'yhJ U 
1 'II q 1 'II 

nl'l£l~iiI-\I"lIa-\l a m 'V\11~iifl1111-;)lLtJUL "liunu~a fl1'l£l~am'V\11~iiI-\la rjl-\1il G1 111£.1 li 
1 'II q 'II ) 

nl'll~"lJa-\l a an~L~Uatil'llnl'liiltiliil-\l"lJa-\lam'V\11~L1ifl1'lLnU 100°C ~ a.r1111-\1 lu"li1-\1 aru.'V\l1~ 
1 'II 1 'II 

950-900°c ~::ia-\ll~aantnL~uarjl-\1~m;ia-\lLL£l::nl'liiltilaru.'V\l1~£l-\l~ln 900°c ii-\l 300°C 
1 'II 

~::~ a-\l LL lihil a an6fiL ~u~::i a-\l L -nln-\l ffl'lii L(:,Ilf1 ci 
'II 

l1lalnl~111£.11 uL~lL1iii a antnL~U1Iln'Wmrla am'V\l1~ iJ-\lfl-\lff-\lnil 400° C 
q 'II 'II 

~1'l'lf ual~~::ffill L~£.1 a antnL ~u iiiifl1111-;)lLtJU~ a 1fl'l-\l i;l11-\1"lJ a-\l ffl'lLiLrl a a m V.11~tJ'l::1I1 m 
'II '" 1 'II 

400°C ~::L ~11 atil'l,nldiil~iiI-\I"lJa-\lam'V\l1iiLiLLtf1£l~ am'V\l1~l'vin-\laru.'V\l1~'vi f1-\1 
q 'II 1 'II 1 'II 

~lnnl'li-\lLn~LLGt1'W1Jilnl'lL~1I~U"lJfI-\lnl'l(:,li;l1lLLiiI::nl'l1J~i;l1'lLL~iiI::flf-\lluLL~iiI:: 
nd:;U1Unl'lL(:,IILtJU~-\lii «ITl ill 1 unl'li-\lLfl'll::~ ffl'll un r;:i 11 Y -Sa-CuO 

'" 1 

lui! fl.~. 2003 nr;:i1llnorganic chemistry Laboratory.(lnorganic chemistry 
1 

Laboratory. 2003: online) Liiin'dLtil1[J1I~1'll1[J1~fl-\lnr;:illd~-\lii 
1 



1.,hu1mi~Hi1tUJ1Gl"lleh'l um 'Y11[J3Jmm '1.6]5~ (Y 203) LLUL1[J3Jfnfum Wi! (BaC03) 

LLGl::~mJLtlafaan'1.6]5~ (CuO) ttla-1"J"..r"'Gfl3Jl!Hi1l1~bj1nul'U.~'maGliiti1fl1"J"~::~Glnlu~~~fl1," 
'II q '11'11 

2. ttl Gf1"J"Y1l!-1 a-3JL "li1n'U.~hLLf1 '1.1.1 a~;f'U."J"t1Lilwa.IL:iJ~'j::1", mh lvi'L:iJ~LL~m W"J"1::11 
'II 'II 

L:iJ~ LtI"J"l:::LLGl:::i' nJ1 [J 

9 

3. ~lntf'U. ttl '1.t11Vli.utl1 [JaGliiti1L~3Jn1'jLl!-I1~amVlllii 500°C LLiof1 L villa mVlllii LiI'U. 
'II q 'II q 'II 

100°C 'YIn 61 10 'U.1l1~un."amVlllii900°C fl.,,~amVllliiifii 15 -k1 tll"'~lntf'U.Gl~amVlllii"lla"'L~l 
qJ q'll q'll q 'II. 

Gl"'~ln 900°C n." 500°C ~"J""'''1i1."il'~::liL1Gl1t1''J"::1I1m 1 1U LLiof1i1~L~1 LLGl:::Gl~amVlllii"lla"'L~l 
q 'II 

luil ~.~. 2006 Vlti'l£Ji..ij[J Material Chemistry-Superconductor ( Material 
.d1ll..... ...,J' 

Chemistry- Superconductor. 2006: online) '.If'" b~3Jn'j::U1un1"J"L~'j[J3JGf1"J"nGl3J'U.~ln 
q 

t1~n'i[J1'Y11"'L~ ii 

(2.2) 

U1U'YIL'YI1mJaan'1.'.If~ (Y203) LLUL1[JlIfl1fumu~ (BaC03) LLGl::: ~atlLtlafaan'1.6]5~ 

(CuO) l'U.a~"J"lGh'U.~111Y1fi1u1m '1.~ L 'tlGf1"J"LL~Gl::"1fii~ l~LL~Gl::timnaf[~ [J~il"'.l.Llihi1LL~Gl:: 
timnaftf'U.~::~a"'LL~"'LLGl:::Gf::a1~LLiof1 L 'YIGf1"J"..r."a-13JGl." l'U.fl"J"naGliiti1LLiof11iGf1nu~ lvi' Li1n'U.lu 

'II 

~~~ ~1'U.liL1Gl1t1"J"::::U1m 10 'U.1l1 tl1Gf1"J"tT."..iju~1LiI'U.na'U.atiB1~~::: liia'U.~~Gfl"J"u~l~Gl:::La[J~ 
'11'11 'II 

'1.~ l!-I."~'1.~~lnn1"J"l!-IGf:u~::'1.1iiu~1n'U.LiI'U.naULLGl::~a.,,i.1iL~'U.Gf1"J"~ii~~htl"J"ln!l a~ ~~'Yl1mLiof1 
l!-IGl~lnn1"J"l!-I Gfll~::~ €I." Lilu~L 'YI1 

U1l!-1"'~L 'YI1~."n ~11 '1.t1 a~ LiI'U."J"t1 Gf1"J"~'1.~~:::ii fl1111 LtI'j1::LLGl::Lfi~n1"J"u~ntK nJ1 [J6i1." 
'II 

LiI'U.~.,,~ ~ a"'''J":::U~''J"::1''' ~lntf 'U. U1 i.t1l~l Utl1 [J aiiti 1LLiof1U1 '1.t1~n'j::U1un1"J"Ll!-I1tA."iin1"J" 
'II 'II 

1000 -0 
° '-' 4;6 
~<i' 

500 :s: 
~. 
GJ'" 

25L-____ ~ ______ ~ ______ L-____ ~ ______ ~~ 

o 10 20 30 40 50 

L1Gl1 (-k1t:u~) 
1l1wrh:::n€lu 2-1 amVll1iinuL1Gl1"l1a."n1'jLl!-I1Gf1'jn~:u Y-Ba-CuO 

q 'II q 

~1I1: Material Chemistry-Superconductor.(2006) 
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1I1nn11vJ Luunl11 'ifl11:LJ'ftlULLri~11 t~ m~:u.yltlnt'VIllij'i t1~ 25 ° C 1Iui1~t1nt 'VIllij 
'I 'II 'I 'II 

930°C LUr1fl~Yltlnt'VIl1iH:tlr 10 -12 -k1 t:u~ 1I1n~UiII~t1nt'VIl1iiill~m.h~,r16) ';)un~t1nt'VIllij 500°C 
, 'II 'I 'II 'I 'II 

LLi1~:u1'i tI t1n&nL1IULUUL1i111 10 - 12 -k1 t:u~ 'VI~t1 t1111';)~ 1itltln6ftL1IuYliitlrj1uu11£J1nlflnt~ 
'II 

1I1n~U 'VIr.i~nl11'itltln&nL1IULLi1fitJf.J 6) iII~t1nt'VIl1ii 1IUn~t1nt'VIl1ii'itl~ Lrlm~1';)iu1Iln 
'I 'I 'II , 'II 

n1~U1unl1L~1 Ui111~"~~11Yliit~~hu~~~1'iL~w;hdl~nl1L~lL'VIlrtlrjl~~:UU1rn6fi~LL~~~'hnl1 
'II 

~~:Ua'11L-nlnU"~~tf1url'liiaL~[nLL~~~11nl1~~:U~111WffU~t1ULL1niJ~'t~~WtI 
-ntlfl111~1~"l.ItI~~11.ylhlrunl1'Yl~illtI~~11Yl1,nunl1'Y1~illtI~iiUl""1fii,~LUU~l1YlLUU 

elU~11 t1fl11'V1 ~m~ t1~nl1~~~:U LLiII~t1 [h 1~ ~11LfliiL ,yl~l LLiII~tlnnu~h'V\'"~ t~H.J~1~,;)lntl1in1t11 
'II 'II ~ ... 

'YI1~Lfl:U 

. 
~finl,)-lC?l flm~Il3j~n n vat.! ih1 <;}"uhll'lC?l g\j n~ 3J Y -Ba-CuO 

'I <u °1 'I 

fl nt~~1-;) t1L$yfuflil1t1n~11.ylLrl [n-ntl~ 1 unl1-r~,h"l.l t1~ tI ru. 'VIl1ij1nfl~6fi~ii tI rj'VI iIIl [J1~~~ii 
'II , 'II 'II 

1utI fl.fl. 1997 ha'6}fltU (Ross no. 1997:pp.1 024-1 026) '11~1iil[J1~ri~~t1.ff1LLUU 
4 .ff1~~1l1wtl1~ntlU 2-2 L vitlYl1l::1~fl11:U~lU'YllULvJvh.yl~unutlUl.'Vlllij nl1~ t1.ff11inl1~t1 

'I 'II 

UUU 4 1I~ii L1[Jn11 Four Points Probe t~m~t1:u$1[J Silver paint LLiII:: 2 1I~LL1n1l:::1tfn1:::LLa' , , 
LLiT-r~ LL 1~~U 'tvJ~1Yldi~~u Yl ~t1~';)~5~ 'ttl wi't1:unu~ tIL 'Yl t1it:uTl'uLiiill Lvi t1Yl1l:::1~Til"l.1 t1~ tI Ub'VIllij 

, , 'II 

..------.Silver Paint 
~~~~" 

. ... 
1l1wtl1:::ntlU 2-2 LLa'~~<il1iil[J1~ij~(S) LLiII:::nl1~t1,y1nl11~ 

Yl:Ul: Rossano. (1997). American Journal of Physics. p. 1024-1026. 

1I1m!WI-i.1umntlf:UT:illU1U 31u t~t1iimntlnuYl1 iim:Ul~1 500 ijillaa~11iu1111 
. , 

Lut~1L1IUL'VIiII1 umntlnuYl2 iitl~:Ul~1 150 ijillaa~11iLtl'V11Unl1LLillmtl~[JUfl11:ui't1U1:::'VI11~ 
~1iil[J1~ri~nuLul~1L,;)uL'VIiII1LLiII:::umntlnu.yl 3 ihn:Ul~1 5 ijillaa~11i:,,<il1iil[J1~ri~LLiII:::<il1 
iU<il1iil t11~ ri~.yl.yh$1 t1'Yl t1~LL~~ 1~t1<il1iil [J1~ ri\lLLiII:::<il1~U a'11~ uii Liu~hufluun iIIl~ 12 

'II 

iiillaL:U~1 LLilidifl11:U'VIUl 4 iiillaL:U~1 6fi~,;):::'Yhl'V1"1j~<il1iil[J1~ri~L$~ t~t15jn1:::u1unl11h~~it 
L'YILut~1L1IUL'VIiII1i11\1LtlluumntlnuYl1 1IuLnmJ'yh:uumntlnuYl 2 6fi~,;):::Ln~nl1LLillmtl~t1u 



Yl113Jftl'U.'5::'VI-h~~nr~"lJtl.:l UmntlnuYi 2 nU~1\l1t.J1~rj~ ';)::itl~\hjt'VIi.'U.1~'5L,;)'U.L'VI~1tmnu 
'\I 

~1l'btJ1~rj~hl.umntlntJ'Yi 1 ~~111~lh::ntlu 2-3 

ili3J1~"'.l 500 ij~~~~'5 -+---: Ht 
..... :o..' ...... -,.."."j __ 

i , 

. 
~1,rU~1'l1tJ1~D~il1';)1nfltl~LL~~ 

111~1.h::nEl1J 2-3 LL~~~<?l1LL'VIU~"lJ E1~umn E1nuvf 1, 2 LL~:: 3 LL~::~1'I,t1t.J1~ ri~ 
.yj3J1: Rossano. (1997). American Journal of Physics. p.1024-1026 . 

11 

. e.I~n1'5'Yl~~E1~.yjLi~1:IJ1'5mL~~~Li~-iI,n:-t:vn.h::nElu 2-4 ;B~,;)::L ~'U.11Yl11:IJ 
i1'U. 'Yl1'U. L-V.Jy:j1"lJ E1~~1l'b £J1~ ri~;]'U.E1 dnu mu. 'VIl1ij LL~::.yj EI tu, 'VI11:IJ1.h:::lJ1m 91 LfI~1'U. ~1'1l1tln~ 

'\I , '\I , '\I 

';)::n ~1 £.I ~111~ dJ'U.~1'1l1 £.11 ~ rj~ EI d1~11'U. Yil1'U.l~ ;B~.yjtl m 'VI:niji~n~11i!Lij'U.E1m'VIl1ii.yjil11 ~f111:IJ . 
, '\I , '\I 

Q,'it 

- {L,n ",ri ;s:: 
(Q) 

~.f.I! Ir-" 

;f /),Cil , 
s:: 
;f G.~ . ;.' @; 

ri .,.q~ , 
("'" 

G: 
Ii.{i"} 

30 

111~tl'5::n EI u 2-4 LL~~~f111:IJ i1'U. 'Yl1'U..yj;]'U.E1 dnUn1'5L 11~ [J'U.LLl1~~E1 m 'VI 11 ij"lJ E1~ ~1"'.l YBa2Cu307 
'\I , '\I . 

'" fl3J.: Rossano. (1997). American Journal of Physics. p.1024-1026. 
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e..iUJD\Jn"i::LLiill ... Hhua ::iiI\t»13J Ua,; L \Iii{ nii&i an fi..,am v~'nbtn~ D\J 

Lita-1'l1n~1'\htJ1~fl-1amVlflih~"''In!.'i1J Y-Sa-CuO L~m:mVl!.'imihl.~1tll"1~1L,;)uLVI~1 
q 'II 'II .. 'II 

LLtr1 ';)::dl~nl1LtI~ tlULif.ll'U.::djuLifllVnlltl1~ fl-1 LL~::511~n1::LLLit 'rJV:hL -nllLJl l-I,fll1::~>!n !.'il1 

LLtrTr~LL 1>!~U t 'rJV:h~ Ln~~ ~';)::~U11LL 1>!~U t'rJV:h~1~ t~ii~lLUUf'lU~ ~>!,r Uvn11J~lU 'Yl1U 1 U 
'II 

fl11::~~n!.'il1 LU'U.f'I'U.~~1 tl 6i1-1,;)::LUU tU~l1Jn!J"lI a~ la~1J nln1::LLLi~1~L -nl tuii~1~Lnun11~1'1l1 
'II 

,:::! Q..I\1~ d' 0 0 ~d 3. ~ 
tl1~ tl~';)::1U L~n1::LLLiU,;)::'YI1~1 tlfll1::Ul tl1~ tl~L 1[Jnn1::LLLiU 11 n1::LLLi1n{}~ 

nl1'Y1~~a-1V11~1"lIa>!n1::LLLi1n{}q) (PHYWE. 1999: online. Available:http://www. 

physique. ens-cachan.fr.) ii1Li~~un1nr~>!it ~1'1l1tl1~fl>! 'lK11~~1Ultl1~fl>! "lni>! "ll~~1q) 
Helmholtz 1 ~ LL'Yl-1LL3.iLVI~n n-11w1J ar~~3jLq)8fLLlJU Digital LLa::LLVI!.'i-1-;)ltlt'rJ 

'II 

tq) tlUl LL 'Yl-1 LL3.iL VI ~mLtr1'IK Wff1 LL 'Yl>!LL3-i LVI ~n l'U.'nf'l"ll8>!~1'1l1 tl1q) fl-1 1::tl::'YI1>!~1,r 
'YIq)Liautl1::1J1m 30 L6lfU~L1Jq)1';)1nl1l'V-lU1::n8lJ 2-5 LLLiq)>!aUn1rnnl1'Y1q)aa>!Vll~1"lla-1n1::LLLi 

q 

flTV-lU1::n 8U 2-5 LLLiq)>! au n1rnnl1'Y1q) iii a-1V11~1"ll8>!n1::LLLi1n{} til 
q . 

fi1Jl: PHYWE. 1999: online. Available:http:/www.physique.ens-cachan.fr. 

~ iillhln!]11 L~ aUl LL 'Yl-1 LL3-iL VI ~n L -nl~1'1l1 tl1q) fl-1 a til>! a'~lLa'1J a Lil-l,l1JLL3.iL VI ~n~l,r 
'YIq)Liau';)::;1'U.a ~nU1:: tl::'YI1-1 tq) tl~LL 1-1~U vh~ 10 Jl V LUULL 1>!~U t 'rJVh~~1'1l1 tl1q) fl-1 5-1 LLLiq)-1 

fll1::'Il1 tl1~ fl~ 8 tit~LL~::a'11Jl1{1V11~ln1::LLa'1n{}q) t~~-1111~t11::n 8U 2-6 
'II 



U/mV 

0.16 

0.06 

0.06 

0.0 

0.02 

o 100 200 

/ 
/ 

.,' ............................. '''''' ". 1Q.IlV. 

• 300 

limA 

400 500 

1l1VfU-:l~nEl1J 2-6 LU'{~,ml-:l1.h~3Jlrnfh"l.lEl-\ln-:l~LL~in'lCir;nmL'Yi-\lLLliLV\~n 

fl3Jl: PHYWE. 1999: online. Available:http:/www.physique.ens-cachan.fr. 

13 

• • ... , ...... I ...... • 

LL V\~-\lfhL itCilYi1 ~ ~'l.t13J LLli L V\ anYiii~h~aJ1L~3J E1YiU1L 1 rnCil-:l-\ln ~1-\1 ~-\lir lI.nl-:l~-\la'l-:lYi'Y1Cil~E1U~~1fi E1-\1 

tl tiCil-:l-\lrl-\ln ~l-\1"l.1 tl-\l"l.lCilL'l1CilLLL'I~vr-\lu.lmlu a''l.t13J uli L V\ ~n~LIfi~ln"l.lCilL'l1CilIfi1 rJ ~lmf lI.1Cilfil"l.1 E1-\1 
'\I 

n-:l~LLa'1n'lCilflLnCil;1'l.t~lnnl-:l1iia''l.t13JLLli L V\ an1l1rJ'l.tElm il Ltlt~ rJ~ Cilvr-\l tltln-:lnrCill3J1l1~tl-:l~n tlU , 
2-7 . 

.d 
'Y13Jl: PHYWE. 1999: online. Available:http:/www.physique.ens-cachan.fr. 
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L~elt~a'U111LL3.iL'VI~na'~lLa'lIelL-n1hhLrrTr~n1:LLa'LLa:U1\l~ui.'Vh~1f1dl~ifu ~an11 
'Yl~a el\l~tJi1n1:LLa'LL~:LL 1\l~U i.vJvhiivilL villifuel rh\l a'~lLa'lIel ,nmXu t~a'U111LL3.i L 'VI~ n L -n1 hlan 

'VIa1t1Vlf\lLLrr11~n1:LLa'Ua:LL1\l~uf1Ln~ifu~:i.~n11vJf1iianMfiI,:f1~1\lnU~\l111~lh:nelu 2-8 

.UlmV 

6 

5 

4 

3 

2 

1 

Held.::: 0 END 

.. "0· . 100 200 300 400 sag 600 700 800 

limA 

900 

111~lh:n flU 2-8 LLa'~\ln1:LLa'LLa:LL 1\l~U f1di~ifu~1mL3.iL 'VI~n Helmholtz 

f1111: PHYWE. 1999: online. Available:http:/www.physique.ens-cachan.fr. 

n11'V11 viT'l! el\ln1:LLa'1n!l~,r U i.~~ln n11vl1U 1 fiI,~1n vi1"l1 fl\l a'111LL3.iL 'VI ~ nll1 tlUfl n f1 

lGtL,j1hl1~tlvl1U1fi1,"'il1na'~1 

. ... 
LlIel n 

r 

'II 

H=O.71S
nI 

r 
(2.3) 

Li1U~1U1U"lIfl\l1flU"lI~a1~ Helmholtz luLL~a:"lI~ iivf\l'VI:IJ~ 154 1flU 

Li1U1\'1ii"llfl\liJ~a1~ Helmholtz iivi1L'Yhnu 0.2 LlI~1 

~fln1:LLa'f11';n1J"lIfla1~ 

"'il:i.~n11vJVl1111i:IJ~uiLLUU"'il~~fl~~i\l111~1.h:nflU 2-9 
q q 



30 

\ 
250 " 

200 \ 

15 \ 
100 

50 ~ 
I _____ ~--~-----~----~;c~=;~~i:~~----~ °b 500 1000' 1500 2000 

HI1",1 (AIm) 

111 V'll1"J"::n flU 2-9 LL~~h:lYil"l1€1'1n"J"::LL~''l''lvhYi1~ 'i~ln"ll~a1~ Helmholtz 

Yi3Jl: PHYWE. 1999: online. Available:http:/www.physique.ens-cachan.fr. 
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. 

. 
'" UflYl 3 . 

n"i~tJ'l"n1'n(;)~u3J(;\··;n.h U'lCPl U\I na3J Y -8a-CuO , 
hl.~1'U.1iEJ~f'I'd'~nt~~1iEJl'lf1in11L~1EJ:lJi·;1l·brJ1~ri~ Y-Ba-CuO LLUU Solid state 

'II 

reaction n11Tll'U.1nt 1 ,r~1:IJ.yh.bLtl'U.tl:IJ1LLl.rl i~,f W;)~ 1 i~11:~~'U.~1:IJi~ ~1'U."lJ tl~:lJ1 ~i~d' 
U'YlL 'YI1EJ:lJmm l6Jictl ( Y 203) 11.2905 n1:IJ . 

'" fl' .... 
LLUL1EJ:IJ~11um'U.~ ( BaCo3) 39.4678 n1:IJ 

~al1Ltltlftltlnl6Jictl (CuO) 23.8636 n1:IJ 

16 

ib tl11-rf~ tl1:IJ i~ n ~11:IJ1 e-I tl:IJ 1 'iL;l1 n 'U.1 'U.~1n tl ~ ij'U.1 LLi1U~ 1 'iL ill n 'U.~~ l~ tll1rimh 'YI1 
'II 

0\1.1'1''1'" ...... '1,.4", ~ .... .t 
~1n'U.1 UJ Ltll.'U.fl1 EJtlC4:IJ'U.1LL~111-3 L'U.L~16Ji~:lJn1~U1'U.nl1L~1'Y1~~:IJ~ 3 n1:::U1'U.n11 ~~'U. 

'\I 

..,. • I 

n"i::tJ'l"n1,)L~1f'1-i\ln 1 ,"1tll1i1l~i.~1'U.n1EJtl~ij'U.l1~EJlli~tl~t1~~lLLi11l~1'U.L~1L~1 
'II 

·A Q cv.c:r .:::! .., d A. 0 ~.c:: A. ~ cv 
~-3:IJn1~U1'U.n11Le-I1<i1~'U. L 1:IJ~'U.n1:::U1'U.n11L~1'Y1tl UI.~l1:IJ 100 C ~1n'U.'U.L Vl:IJ tlUl.~11:IJ~1EJtl~11 

q 'II q 'II 

n11Lv:l:IJ;]'U. 20°C ~tl'U.1i1 ~'U.tlnt~l1ii"lJtl~L~ltl-3n~ 950°C ui1~~ritlnt'V\l1ijii,'118 i11:IJ~ 
• q 'II 'II q 'II 

~1n,f'U.~~tlnt'V\l1ij~~~1m)~11 20°C ~tl'U.li1 ~'U.tlru.'V\l1ij~~~~:lJln~ 100°C an~f~nLiJ'U.a'U.Ltl1~ 
q 'II q 'II 

~.d ,.4 '" .1 .... .t 
"lItl~n1:::U1'U.n11Le-I1~1~'Yl 1 6Ji~:lJn1:::U1'U.nl1L~1111Vlu1:::ntlU 3-1 ~~'U. 

"--------------------' ......... ---. L1~1 ( "l5:IJ.) 

... . 
111Vltl1:::ntlU 3-1 LLtl~~L1~1n1:::Ud'U.n11Le-Il~1~i11 
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trlmall1'Un1::lJ1Unl1L~nTlf~ 1 al1fii,~11::ihrm!!tm::dJual1tt~1 i1J~"JfrudJunaULL-n" 
LL~ihvnu 'VI a~111mf U"l al1fii,~111nn1::1J1Unl1L~lTlf~ 1 i,1..IlJ~ t UTl1mH~ iju 111U i,~ al1fidJu 

'II ~ 'II . 

~~a::LB £J~ LLtr1"1.1 i,1..I5~~1 £J LTl~a~ 5~l1U i.ial1~iian Mrn::LiluLL~un a :lJtt~l iiLiu~,huV'lurfn al~ 
'II 

4 L6fiU~ L:IJ~1LLa::ijTl11:IJ'VIUl 5 ijaaL:IJ~1 LUr1\1.1 i,1..Itun1::lJ1Unl1L~lTlf" 2 tB~iin1::lJ1Unl1L~1 

n'l"::U'l"nTHr..!'lflf"r; 2 'Illal1~i.~111nnl1L~lTlf~fi 1 i,1..IlJ~tUTl1naaij'l-ill1::i.~al1~ 
'II 

Lilu~"tt~laii.'YlLLtr1'1l1~"~"mh1i,tl5~~1mL1~ 200 kN LiJUL1al 1 i'11:IJ" 11::i,~al1iianMrn:: 
f'1 .... 0 di,~.1 ... ~ .d... .....r 

Luumm Ulal1'Yl ~ buL~lanTl1" 6fi~:lJn1::lJ1Unl1L~1~~U . . . 
L1:IJ~Un1::lJ1UL~liiarn'VIflij 100°C LLtr1L~:lJarn'VIflij~1£J5~11 20°C ~aulii l1u{i~ 

'I 'II ~ 'II 

arn'VIflij 950°C LLtr1Tl"fii,1LiluL1al 18 i'11:IJ~ 111mXUa~arn'VIflija~~1t15~11 0.7°c~aUlii 
'I 'II ~ 'II 

l1u{i~arn'VIflii 400°C u1K1Tl~fiarn'VIfliid\112 i'11:IJ" 111mfua~tlrn'VIfliia~BnTlf~~1£J5~11 
~ 'II 'I 'II 'I 'IJ 

o I .d d .A O.d ~ d.d Q;' ... I cv&f 
3.3 C ~tlUl'Yl l1Ufl~arn'VIfl:IJ 100 C tlnfl1~ 6fi~:lJn1::lJ1Unl1L~1~~fllVlu1::ntllJ 2 ~~U 

'I 'II 

° ... 0.7 CI Ul'Yl 

'\ 400°C Tl~fi 12 i'11:IJ" 

~------------------------------------------~--+L1al(i'11:IJ~) 
~ . 

1l1Vl1..l1::ntllJ 3-2 LLa~~n1::lJ1Unl1L~lTlr~ii 2 

al1fii,~111nnl1L~1f1f~fi 2 11::iifl11:IJLLni~:lJlnn-hn1::lJ1Un11L~lf1f~fi 1 

1l1mX U 'Ill al1fii,~i.1..I1~1..Ii1 £J tl tln6BLl1UL Vl11::iltl an~L 11 ULii U,f1 u1..I 1::n a lJ~ ~1~ rut unl1'Y11 t 'i 
'" 

Ln~afllVlttl £J1~ri~"lIa"al1mi:IJd 1~tlnl1lb i,1..IL~1f1f~fi 3 tB~iin1::lJ1Unl1L~1~~d 
'I 

n'l"::U'l"n'l'l"LWlflf"r; 3 al1fiiianMrn::Liluntlui,~111nnl1L~lTlf"fi 2 i.1..IL~lBnTlf" 
Lyjm~:lJatln6BLl1ULili,1..I1f11~afl"~l:IJi~~1U~1~ ')~itl"nl1 tB"iin1::lJ1Unl1L~li"d L~:lJL~nfi 
arn'VIflij 100°C Lt1K1L~:lJtlrn'VIflii~1£J5~11 20°C ~tluliil1uarn'VIflii{i" 450°C L~:lJt'itlan~Ll1ufi 
'I 'II 'I 'IJ 'I 'II 

iimnUlJ11t11nlV'1~1t1nl1til~~hL~lLiluL1al 8 i'11:IJ"LL~1fitl£J ')a~tlrn'VIfliia"~1 £J5~11 3.3°C 
'II 'I 'IJ . 
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t~ oxygen r1mu.'VIflij 
1 '\I 

450°c dJUL1~1 8 ,T113.h'l 

L...-... _ ... ______________ ----l'--_---+ L 1~1 (,T11:IJ'I) 

fI UI. 'VI fl :IJ'VI €h'l 
1 '\I 

... , 
3-3 LLf{~'1nd::1J1\tn1dL~1fll'li1 3 

. 
Q,..o GJA, Q,..o 0 A. 

nTi'l til iUJ 11 (;l1) tl \I GlTWUJ '1 Gl U\I 

l-nL YlYlii,Y1nl'l1~ LLU'lJ 4 Points Probe L ~B1~filY111:IJ~IU YllU ':y.JYh"l.lfl\!i,'fl'l~1 fI til'1r1 

f1U1.'VIflij~l'1 ') 1~tlLi:IJ~w;:nnnl'lltli,'f1'lr1i.~,nnn'l::U1Unl'lL~lY1f'li,'f~111t1hhh.ff1 4.ff1 ~1t1 
1 '\I 1 

silver paint 611'1 2 .ffdLL'lnl"l5'unl'l1~n'l::LLi,'fi.y.JwlY1'1~1 Bn 2 .ff1n~:lJlli1~Y111:IJ~1\!~nrJr1Lfl~;fu 
J'Itt"il::iiBn 1 .ff1~lwi'tJl~.ff1"l.1f1'1LYlflf[:lJYlilLn~L~f11~f1U1.'V\flij nl'l,r~L1t1\!.ff1~1\! ') tJUi,'fl'l 

1 '\I 

~1 fI til'1LLi,'f~'I~'IflTvH.h::n flU 3-4 

i,'fl'l~1 fI til\! 

fllV41.h::nfltJ 3-4 LLi,'f~'Inl'l~f1.ff1nl'l1~LLUtJ 4 .ff1 

n'l"i-ltil tlml'lll3j!j nq (;l 
'I ... 

It 1~1ltl tl1~~\!r1'Yh.ff1 L1t1ui'f1 tlLLa1 1~1 '1.1.1ll"l5u::'YI'l'ln'l::u fin ii'Yll"illnYlf1\! L 'VI ~ f1'1 L ~ fI 
UflM1U i.1il'V1i:u. 1~'lL"ilUL'V\~1i:IJ~ i,'fi,'fl'l~1 f1til'l 1~tI~'l\! LLad l~lun\! 1 y.J:lJ l~i.u l~'lL"iluL 'VI~1 ~'I 'hI 
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Lvjm~~am'VIllii~ltil..1 77 Lfliil1lt ~1'1tl~:avtlt~1l1Vflllf.J1~~..1LLa1 'VIa..1~lmflttff n"j:LL~'y.Jvh 
, 'II 'II 

. ~"j..1 "lIltl~ 300 rnA L-nl 'tlrl~a..1.ff1illt ltan ff1lt~a..1.ff1illt t It ti1~fl11:U~1..1inu.yhn~;1'U, L~:U 
am'VIllii;1lt~'U,il..1am 'VIllii~ a..1 1~ f.Jam'VIlliid1~ '~~lm 'Ylan:uYi'tlLtlaf type K rl~~a vrltl1'V1Ul 
, 'II , 'II , 'II 'II 

"lIa..1~l"j ~..11l1~tI"j::nau 3-4 

Q.,ttAA I r;: 
n1'l'lt9'l an fil\,la-n a\t ","13J U3J L 'VIa n 

"j:uurlt"1i''U,nl"jn~iila..1-r~B'Yli~iil"lla..1~ltl:ULLlim~nrlii~a~1'1tlf.J1~~..1 Y-Sa-CuO ,i 
o &l A..J A 0 • &:II Q,.,o Q..<I AA A.d ct. 
nlnl"j'Yl~iil a..1'Ylfl m'VIll:Ufl..1n 77 L fliil1U, 'Yllnl"j'Yl~iil a..1 L "1iUL~ f.J1nunl"j1~ a rn 'VI1l:U1nn~ anfl"j" 

, 'II , 'II "I 

LL~flf..1dt ~~1'1tl f.J1~ ~..11l..1~1 t 'U,~U,l:ULLliL 'VI ~n t It il~i"u In nu ~'U,l:ULLli L 'VI ~n 1~ f.J ~'U,1:U LLli L 'VI ~n 
'i~ln"ll1~iil1~Ln:u In'YlLfLLiil:: tiLLt-i'U,l vl:uiJ~lJ'1L 1m.ff1L vjaila"n'U,nl"ja~1..1~"jrl.ff1L .na..1~ln' 'U, 

1~"jL~u,L'VIiil1 ~lnJ'U,t~n"j::LL~'vlvh~tlflJ~h'iL,jl'tllU,~1'1tlf.J1~~..1~am'VIlliifl..1~ 77 Lfliil1lt 
, 'II 

LLa1 t 'i ~'U,l:ULLliL 'VI ~nfil~l..1 ')Lui~1'1tl f.J1~ ii..1 Til ~'U,1:U LLliL 'VI ~n~'i~ln"ll~ iil1~Ln:u In'Ylc;fi1 f.J 

Tesla Meter ~..1lll~tI"j::nalJ 3-5 

... .... 
LfI"ja..11~ ................................... . 

. .................. ~ 

. '" LL:umiiln Helmholtz 

fll'l-lt9'lln tfl'l\t".jl"~'lmfl~a" XRD 

nl"j1~~1'1tlf.J1~~~ Y-Sa-CuO i1mfl~a..1 XRD (X-Ray Diffraction) LiJ'U,nl"j~nMl 

lf1"j~~rl""lIa..1~1'1tlf.J1~~..11~f.Jnl1"[j..1r..1a-Lan6!1'1t1iJ..1~1"j~ti~"j1~~alJ f..1a-Lan6Jl~:L11~nl"j 
Li f.J1LlJltL~a t-Jl'U,L -nl 'til 'U,e.J~n"ll a"~l"j fl11:UL iJ:U"lJ a..1f..1 than6Jl~ di~~lnnl1"Li f.J1 LlJltt-Jl'U, 1":'U,llJ 



nT':iAm!t,a'l\uh:::nf)tJn'\I"fl3j;'UJLfI~f)\I EDS 

nTl"1'i1il mfl~fl.:l EDS (Energy Dispersive SpectroscoPY)LtI\U~~fl.:l3jflf11,r~m~1~ii.'iI 
LL~~m1l1mllfl.:lGll\uJ'l"~nfl1JlIfl.:lli1'i1f13jmjl"Gf''l"<illmh.:l l'i1£Jl,rLfI~fl.:l EDS 1'U. JEM-200CX 

~ ~ ~ 

nT~·Anlt,ehLfI~a\l SEM 

L~~fl.:l SEM (Scaning Electron Microscope) Lil'U.LfI~fl.:l3jflf11,n'U.n1'l"~nH' 

20 

L Yl fll~lIfl.:lL ~'U.ii.:lvr'U.~ll1 fl.:lGf1'l"<il1mh.:l ~.:IGf1111'l"t:11i'il1l'U.1'i1l1fl.:lfl'U.111f1 'l"'lH1.:1LL~~fll'lILtI'U.L dfl 
. ~ q ~ 

L&i£Jln'U.lIfl.:lGf1'l"<illmh.:lli l'i1£JliL~~fl.:l SEM 1'U. JSM-5410LV , 

nT':iAnlt'~~n;'ltJt.fI~a\l TEM 

LfI~fl.:l TEM (Transmision Electron Microscope) LtI'U.LfI~fl.:l3jfl1'i1f11i~nH,tnHm~ 
lIfl.:l ~~nllfl.:ll'i1£JliLTl~fl.:l TEM 1'U. JSM-5410LV , 



• <=I( 

Uf1f1 4 

111 VlU".l:;n au 4-2 ".lULL~Cil .. :ml".l11~ ~"n.t 1 £.I1Cil ti~~ aCil LL&f1 "lJm:;yhnl".lLt:-Il1Cil r.r;):;11~U'U,U'U,rl'1 £J 
'II 

a~5j'U,lLL&fdl'b LU11..:J 1 'U,LCill 
'II 

21 
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'l1nnTl'YI~1iIfl.:l~m::(:.I1i£Ji.~Lil1Jifl3J1iI~.:IVl3J~,}1U1U 4 i1mh.., 1~£Jlt11J1"'~1U'ilfl.:l 
'II 'II 

ti1'li1 fl ti1"'LL~ ~::i1 fl ti1.:1 i.t11~ a m Vll1iiinq ~ LL1iI::tiU13JLL3-i LVI aninq~,nn"1r~Lfl~a.:l3j a1~ a m Vll1ii 
, 'II " 'II 

1nq~ LL1iI::1~ 8'Y1li'V'41i1'i1 a.:ltiU11J LL3-i LVI anfttii'1.:1iJ'u LL~::lt1ti1'l1J1.:1 Ghu i.t1~nM11fl'l.:ltii'1.:1~1 £J 

L~~a.:l XRD tJ1..,a-1'lftli'YI~1iIa.:lluLfl~a.., XRD ';)::ij;nMm::dJu(:.l.:ll~£JVla.:l,;)1n~ult1ti1'lriLV\~ai.t1 . . ~ ~ 

Yi1n1'l~nM1~1mfl1fl.:l SEM LVJa~anMm::"l.Ia.:lVJu~hLL~::~fl111J~'lU"l.la"'Liifla-1'l "l.Im::Yi1n1'l1~ 
'II . 'II q 

~1 mfl~fl'" SEM ';)::ti13J1'lflYi1n1'l1~m3J1m"l.la"'1i1~ftija tiluiT~i.1 £J1~ ri"'~1 mfl~a.:l EDS i.~ 
, 'II 

'V'4i'a3JllU VI;.:I,;)1n~ult1ti1'lftij;nMm::LtlU(:.l.:li.t1~nM1am3-m::"l.Ia.:l(:.lan~1mfl~a.:l TEM tJ1..,(:.I~ 
n1'l'YI~1iIa.:l"l.la..,i1lt1rJ1~ri.:lLL~1iI::Vl3J1m~"l.ILLti~.:Ii.~i.:ld' 



. 
QJ ~A. Q..,o 0 ~. 

n''''J(;l v m \'In aJ'l n f) <PI'lJ €I\J <PI'l"' tI'll.Pl tI\J n a 3J Y -Ba-CuO 
~ u 'I 

LL~~>I Lfm~nt.::n·nvJ"lJ eH~ anl1'Y1~a a>l1~T1113Ji1U 'YI1U i. vJvh"lJ a>llil1 a r.h>l 

Sample 

-rrt·1 'il raw. 

4 

3 

2 

90 120 150 180 

T(K) . 
111~1.h::natl 4-4 LLLl~>I~an111~aruv\l1ij1nfJ~"lJa>l~1tt1f.J1~tj>lnfi1l Y-Sa-CuO 

q ~ . q 

.d 
'VI 111 ma"lJ'YI 1 

.d 
'VI1I1ma"lJ'YI 2 

. ... 
'VI 111 ma"lJ'YI 3 

.d 
'VI 111 ma"lJ'YI 4 

90 

90 

90 

91 
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~~n11'Yl~~ ehl~1J111~mu~£1~1tl1£11~~-\I V-Sa-CuO iiL~1mll~ ijtlUl,'V\llil1nn~ 
, '\I °1 

th::3J1U1, 90 Lfl~1'U. 

Q.,.o ~ A • f;t.cla I Q.,.o 0 .c:: 
nTl'l~ fl'rl fiYHU.I fl" a"13J LL3J L \'in nn3JGlflGl1"1t1'l61 tI\I 

611-\1a'13J11mui~';)~~"lJtl-\la''U.13JLL1iL'V\ aniiij~ tl~1tl1£11~~,mGi3J V -Sa-CuO 1~ £1 , 
1l1~lh::na1J 4-5 LL~~';)H~n11'Y1~~a';)"lJa';)~1arh';)'VI3J1m~"lJii 3 ~1J11 n1rniia''U.13JLLliL'VIanijvl1 

LU'U. 0.03 rnT a'13J11,Yr~vhn1::1n{)~LiL'Yhn1J 980 rnA LL~::'VI~';)~1nJ'U. Lvi:IJYl1"lJa-\l 

~'U.1:IJLL1iL'VIamUll, 0.07 rnT LL~:: 0.35 rnT LL~:: 0.40 rnT ~1:IJ11r1-r~Yl1n1::LLa'1n{)~L~ 900 rnA 

LL~:: 480 rnA LL~:: 420 rnA ~1:IJa1~1J ~';)a'13J11r1a'1t1L~11 a''U.1:IJLL1iL'V\an"lJ'U.1~ 0.35 rnT LUll, , 
a''U.1:IJLL1iL 'VI an1n{)~"l.I a';)~1tl1 £11~~.;)..f.;)iiL iia';)~1n L~ tla''U.1:IJLL1iL 'VIamu'U. 0.40 rnT ~1 a U1-\1LLa'~';) 
~:IJ u~ L iJ 'U.~1 tl1 1.1 n ~ LL~ ::Yl1ii:IJ1 n Yi a'~ Yi ~1 a U1';) ir..1 LL a'~';) a':lJU~ L iJ 'U.~1 tl1 £11 ~~.;) fl tl ii , 
a''U.1:IJLL1iL'V\anijYl1 0.35 rnT LU'U.~';)1t1ii 5 (~) ~.;)d' 
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Sample 

0.4 , 
/j 0 I 0 1---- H=040mTffl: 1 0 I 0 

--- H=O,35mT,fit. II' , I - - - - - H=O.07 mT.fil 0 
0 I --- H=O.03mT.fit. , 

0.3 1/' 0 I 0 
0 / 0 

1/' 0 / 0 
0 / 

1/ 
0 

S-
o / 0 

E 0.2 0 / ;;- 1/ 0 
0 

/ , 0 

/ 

1/ 
, , / , 0 

I , 
0.1 // , , I 

, , I 

// , , 1 
, , / 

:,,"/' , , / 
0 

0 500 1000 1500 

l(mAl 

, . 
.fl1'V'l1J~i::na1J 4-5 LLGf~·mTl1~B'Yl~'V'la"1Jfh'Gf'U.1:IJLL1iL'VI~ni1ij~a~1lb£J1~U.:l~1mh.:l 

"il1n-iJa~a"1Ja.m1::LLGf Ie ii'~"il1nn11y.J-iJ1~~'U.Lrimil"1Ja~Gf'U.1:IJLL1iL'VI~nij~1 
LU'U.f1'U.Ef ~1Gf'U.1:IJLL1i L 'VI~n1n!l~ii'~"il1nn11'Yl~aa~~arn'VI.flii 77 K ;H~Lth"Gf'U.1:IJLL1iL 'VI~n1nf)~ 

'II • 'II °1 

~ 2 "lJ a.:l~1U1 £J1~ fl.:lLLa::Gf'U.1:IJLL1iL 'VI ~n1n!l ~~f1'U.Ef a~ff1LTI a1'U.Gf1:IJ1~TI'VI1 'i"il1n Gf:IJn11 
'II 

H, (T) ~ H, (0 { 1-( ~ J ) ~~lI,h.J1J Ua • .J1" d~"\1I1ma'il 1 2 "a. 4 a1111>mhm, 

'Yl~aa~'~lwn1'U.a~L~£J1n'U. 

, 
..... , a 
~1am.:l'YI 

, , 
a .. 

Ic(mA) 'YI 77 K 'Yl 

H=O 

823 

778 

779 

833 

0.34 1.224 

0.36 1.267 

0.35 1.169 

0.37 1.177 



..... 'f' g,; t.- .,; 
fl1'l'l1il'VI1 LfI'l" ~'l1"Iil"UJLfI'lthl XRD 

n1'!i1~~ .. ltbtl1~£i.:J Y-Sa-CuO ~1mfl~tl~XRD (X-Ray Diffraction) Lihl.n1'!i~mY1 
lfl'!i.:J~i'1.:J"lJtl.:J~T"1£n~£i.:J 1~tln1'!itJ.:Jf.:JHLBn6Jf ~Tv\f1J~1\b£n~£i.:J.yh~ltlllL~Lrlm11hlfhn1'!i 
'Yl~fH).:J1~~1mfl1tl.:J XRD 08 ADVANCE 3j~an1'!i't1~atl.:J~.:J~tlLtld 

2·n..-Sc:IIIt 
~2360WtW.R.;Y1231!11lJWV.Tp:2TMbtodrZd-a.t:20.ooo4_&d;tOJIOO·.Sllp:O.O:ZO· __ "1 .• 'T,,':25'CjRDO 

·:=.~.===.BI:2HaCI.OOUa-'I';Sl.O:)~.d.l¥-t"WL:'.!I4II8'~-.3M510-IISJ121)5O-e11.eauO .• 

. 
111~tl'!i~ntl1J 4-6 LL~~.:J~an1'!i1~~1mfl1tl.:J XRD 
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n1~An'M-1r:b'lleh1<A'l£)th\J 

SEM (Scanning Electron Microscopy) Lth.Uflitl\l!ie)'Yit"lii:u.n11~m!l-1LvJtlt'i:JJtl\lL~'U.n" 
..r A ......d 'I ... 11 . !"I ..r... .... 
W'U.t:-I1"lJ tl\l~11<il1 tl t11\1 sn"~1:JJ1"Hl L "li<il"lJ'U.1<il"lJ t1\1 t1'U.111fl 1 11\1 LLa::fl11:JJ LlJ'U.L UtlL<il £.11 n 'U."lJ tl\l~11 

'\I , '\I 

~1tlf.h"Li 111wfiLi~1nn11ti1t1~1t1 SEM i'U. JSM-5410LV rht\l"lJtl1t1 1000 Lrh LL~<il\lL~~\ld , 

1l1wl.h::n tl1J 4-7 LL~<il\l111Wri1t1~1"lJtl\l~1'1l1 tl1<il fl\l~fht\l"lJtI1 tI 1000 

~1n1l1Vui1 t1"lJ tl\l SEM ~::L ~'U. L~i1~11~L<il1t1:JJL~ ii"lJ'U.1<il"lJ tl\lLn1'U.ti 1I1:::JJ1rn 10 

L:JJ tfl1L:JJ<il1 L d't1~11iJ\lL1idj'U.LirtlL~tl1n'U.L rhftfl11 

nT'iAn'M-1,h".,t.I".i::n£)1J't'I1\JL~jj~·U.JL~~£)\J eDS 

n111<ni1t1Lflitl\l EDS (Energy Dispersive Spectroscopy) LtJ'U.Lflitl,,!itlfiti~nM1"liit<il 
LLa::t1'1:JJ1rn"lJ tJ\I ti1'U.l.h::n tl1J"lJtI\l1l1<il~iitl tit 'U.tl11~1 tI cl1\1 ~1nn111<il~1 tlLflitl" EDS i'U. JEM-

, '\I , 

200CX tl1:JJ11mLtl<il"L~~\l111W 
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~i.:m11'Yl~i.Hh'~1mf11a..1 EOS 'V'lU11~1'\h[J1~ii..1~L~1tJ3l1.~ii3h.J13J1mlh../~:lJ1m"1Ja..11l1~ • 
U'YlL'Yl1tJ3J (Y) LLUL1£.13J (Sa) f1m../Ltlaf (Cu) LL~::aan:nL~U (0) lutI~3J1m~LL~n~1..1nu l~tJ 

~1mh..1"hjiia-11~uL~atluLl;w rr..1iii1 C hl.lt1~ 8 ~a1l1~f1Tfuauti1..1LiJua-11t11::naU"1Ja..1i1~U 
'IJ • 

n1'~iAm~t'UI~n;'U.ILR~D~ TEM 

Lf11a..1 TEM (Transmision Electron Microscope) LiluLf1~a..1ija1~~li~n1i1r.rm~m:: . 
"1Ja..1~~n"1Ja..1a-11 ~1nn111~i1iL1tJ1~fl..1 Y-Sa-CuO i1tJ TEM iu JSM-5410LV a-1:IJ11mLa-~..1 

. . 
'1ii..11t1 

'II 

. 
111't'ltll::nau 4-9 111't'l TEM "1Ja..1i1iL1tJ1~fl..1 

'V'lU11i1iL1 tJ1~ fl..1ii a n1im::"1J a..1~~n LiJuLLuu~~n L~ £.I1"1JU1~L~n t~ £.Iii"1JU1~"1Ja..1~~ n t11:::lJ1m 

0.5 '1:IJ tf11L:IJ~1 



IQlTn-1LL~IQl-1~113Ji3Jvruf1::wjl-1t:-1~~Li~lnn111~"lJ€I-1L~~€I-1!j€l~U6) "lJ€I-1~1,.btn~ri-1LL~~:: 
v.3Jlm~"lJ 

· €I €I 1 'YI1€13JUn thLliLLUU iit:-lan"lJU1~Lan '" YBa2CU306.8 v.3Jlm~"lJ'YI 1 

· €I €I 1 'YI1€1 3Jun thLliLLUU iit:-l~n"lJU1~Lan v.1.I1m~"lJfi 2 YBa2Cu306.94 

· €I €I 1 'YI1€1 3Jun tbLliLLUU iit:-lan"lJU1~Lan v.3Jlm~"lJfl 3 YBa2Cu306.96 

.d 
v.3Jlm~"lJ'YI 4 . €I €I 1'Y11€13JUn YBa2Cu306.98 JhLliLLUU iit:-l~n"lJU1~Lan 

~1tJt:-I~ nl1ii t1"lJ €I-1 L~~€I-1!j €I~ ~i'l-1;1ULL~::L~~€I-1!j€l ~U 6) 1~t1,y €I3J ~~LitJ1::n €IUi1 £.I , ~ 

mu)v.llij1nfl~ ~Ul3JLL~L'VI~nintllQl~ftu~i~~1U n1::LL~1n~~1fl~-1~i'1-1LL~::~~1'Y1l-\1L~ii"lJ€I-1 , ~ ~ ~ 

~1'ltlt11IQlfl-1mi3J Y-Ba-CuO 41-1ii11t1~::Latl~~-1~111-1~€ILtJd'. , 
Q.,.f AA.d4).l.J" .rdAd Q..ofo ~. 

~111-1 LL~~-1 t:-I ~~lnnl11~"lJ €I-1 L~1fl-\l3J €I'Y1 ~11-\1"lJULL~::L~1fl-13J €I €IU 6)"lJ fl-\llQl1Ul £.11 ~ t1-1LL~~:: 

v.3Jlm~"lJ 

IdmA) 

.d 
v.3Jlm~"lJ'YI 1 90 1.224 823 €I €I 1'Y11€13JUn YBa2Cu306.8 

· €I €I 1'Y11€13JUn 'V\3Jlm~"lJfi 2 90 1.267 778 YBa2Cu306.94 

· €I €I 1 'YI1€1 3Jun 'V\3Jlm~"lJfi 3 90 1.169 779 YBa2Cu306.96 

· €I €I 1'Y11€13JUn 'V\3Jlm~"lJfi 4 91 1.177 833 YBa2Cu306.98 
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• 
uYin 5 

U'lU eiiU'l1t1e.ta ua~1ieLa,"eU,"~ 
'I 

Tlm::Wl:ij[Ja-ll1l~m~~£J1Ii1ltl[J1~fl-11umhJ Y-Sa-CuO ifu"it~[Jl"lf1i Solid" state 
~ . 

reaction t~£Jiia-l~i-1iu~a £j'YIL'YI~[J1Iaan"6jf~ (Y20 3 ) LL'UL~[J1ITllfumu~ (SaC03) LL~::Tlatl 
Ltlafaan"6Jf~ (CuO) a-l~.yiL~1£J1I"iam~Hu.::LLtJun~1If{~1 iiLiutJ1U~U£ln~1-1 4 L6jfU~L1I~~ ii 

~ 

Tl1ll1VaUl 5 ii~~L1I~"j"iiamValliiinq~tl~::lIlm 90 LfI~iu a-Ull1LL3.iLVaaninq~1Iln.yia-~Lilu . ~ . 
1.267 mT iitfl~-1a-1l.:!LLUU Orthorombic LL~::a-~~'YI1.:!LTliiLilu YSa2Cu307_x ~m~m::"lIa.:!t:-J~milu 

~ 

LLUU t:-J~n L~ £J1"l1Ul~LamL~::a-l~~ L~~£J1I"i£1-1 "3.iLiluL iim~[J1nUL 'Yh.yiTl1~ 
atln~rnnl"j"1~ a rn Vtlliii nq~LL~::a-Ull1LL3.iL Vt aninq~.yia-11-1ifuLa-1 t~ tll,rmJn~rn.yiii a ti 
• • ~ 'I 'II 

lu ~ a-1tlliulinl~vrU!lU a-ll1THl li1~Vtl~ rnVt1.Jiiinr:l~ LL~::a-Ull1 LL3.i L Vtaninq ~"lI a-1<;)1ltl[J1~ fl-1 "i 51 "ifu1n"j"vr~ul a til.:! ~ a L iia-1"il::a-l11l~f:l 1,rLilu-i5~1'YI~~ a-1.ffua--1 1 U ~::iuiliru rul~1Li q ,. fUfV 

~1uiJQJVtlfhn~ifu"lIrn::rhnl~'YI~~a-1wu';hi1ltl£J1~fl-1 Y-Sa-CuO Ln~nl~ 
L~all a-1l1W a til-1~1~ L ~h;g-1 al"il Ln~lIl"illnTl1ll1.:Hu i~,r ULrl a'YI~~ a.:! La-1"il LLa1Tl1~lh 1 ~ a-l~ 
<;)1 a til-1 LL ~-1 a til.:!~1~ L 11r1 aU"il::Lnu L -iJl~tf:l ~~fl1111.:Hu . ~ ~ ..... . 

u ihJ "i1 U ~H~ 

1. "illnt:-J~nl~'YI~~a-1a-1111~m~~tl1Ii1ltl[J1~fl-1na1l Y-Sa-CuO "i;g-1iiarnVtllii . .. ~ 
inq~a-a~Tlaa-1nULLlJmfl~ (Sucke1.1991 :221) t~tliiarnVtlliiinq~ati~::vrll-1 88-95 LTl~iu . ~ ~ 

LL~::LLaril"il::ii~h a-Ul3JLL3.i L Vt aninq ~~ a-a-1~lnil.yi~l [J-11U" 1111n al~LiluL iia-1"illniiVl rnlllW"lI a-1 

nl~Lilu<;)1'U.l tl1~ fl-1.yj~lnil 

2. n~lvhJa-1LL1iLVtaninq~ £T-1"3.i~::Lil£J~ ~.yhnl~'YI~~~~~-11"I51i fit curve L~mLn'''lI 
~ 

-iJ aunw-ia-1 1 UL~tl-1dLL~:: atln~rn1 unl~1~~ha rn Vtlliiinq~ LL~::a-Ull1LL3.i L Vt aninq ~ £T.:!"3.i~w m"Iiu . . ~ 

multimeter £1'-1 "3.i~h.yj~::Lil tI~ 
3. tltln~rn.yi a-11-1ifuLa-1 a-l111~f:lVtl1 a-~ atln~ru.1 unl~1~ "~i:~ [J 1 iatln"j"rn fiii a til U . . . . ~ 

~ a-1tlliu'1lnl~vru.;p" <;)-1,r U~-1a-l11l~f:lliLilw~~'YI~ ~ a-1iULLUlJ 1 U ~::iuiliQJQJ1~~"i 

g,., 

tJeLa,"eU"~ 

1. a-l~i1atil-1Ln~nl~L~a1la-1l1WL~1Lnu"tl al"ilLiia-1111~lnnl~Lnufm~n"3.i~ rhl~ 
L~a 11 a-1l1WL 11 aUL iia-1111"illnTl1111.:Hu i-1,x Ufl1~LTl~ aU~1"l1 a-1~l~L ~ a "3.il~ f:lnWnll.:HuLL~51 

~ 

LTl ~ au"3.i~n tll"il~:;iiifruVtl1 unl"j"1~Tl1111ilU 'YIlu"i ... 
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2. .ff11 UnTJ1 IilYl11:IJ~1'" 'Yl1U'VI iillil-d1[J1l1nn11"'YlliltHl.:J L~ihnTrYlIil iii Eh'lL W [J.:J 2-3 Trr.:J 
1 

.ff1n'VIiilIilLL~1~.:JtfU~.:JTl11"1inTJ Sputtering f111l1l~1~~iiI~~ni1 
1 

3. ~11"~Liii~1~U1:IJLL1iL 'VI ~n1nqlilY\a'f1.:J ~1f11';l Lthu iifl.:J1l1n iiYl ntll1Vl"ll f1.:JnTnuu 
q 

~1Ul[J11il fl.:JYiL1i~Vl El ~.:Jtf un11"t1i'uth\lTl ntll1Vl~\I LUUL~f1\1Yi~ f1.:J~n M1~ El Ltl 
1 1 

n (;} ~ n'1'13J 11 '1::: WI f( 

Yl m~en~ [J"lI f1"l1 flU Yl m:IJ'VI11'Yl m~ [J~1UTl1U 'Yl1"1t 1"VllYilIilL v\ 'Yl Ua''Il'U a'U un1'i1i [J 1 UTlf\lii 
'II 1 q 1 
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.... IV' un fJ "Jll1'JfJ tJ 

'I 
Q.J 0 ..::::. 

VrlUl£fl~tI~ Y -Ba-CuO 

.,. .,. c"'! c c 'V .,. cv cv '" "" cv 
~\?I'Vt.:Jf1 lfl'it1'H.:Ji;l 'Vt.:J'tJUfl'J a~UJi;lJJ'fI'i'H'iru* aJJf1fl~ JJW'i\?lUfla 
~ «II q u U 

CV' A '0 ~ QJ 1 ..:s, 
liWU'Vt Uafll'il'i li;l'iJJi;l'U 'i~l'i.:Jfli;lJJl t'lWJJ'H'U 

u «II «II q q 

cv .,..,. cv C "" C (OJ 

JJUfltl'i f1'i'1~'Vt.:Jf1 ua~ a'tJw~ a~'il 
'I 

cv , 
1Jtlfl~~a 

'11'U1itl'dii'il~lh:::t1''1ftt'vh),«'1lml:::11~d'\.htld~~'1 Y -Ba-CuO ~du11j Solid state 

reaction ua:::fffnnt1'~1J'1i'U()'1t1'fll'Vfl,hUd~~.'1'U()'1t1'll~d()tiHiil~1mJi~ flw:::~itli~t1'11'1lfli()'1 
. ~ 

1iil~l~f.lUnlwiil'ni~~lU l~m"ml1~~W'l1Qii1f)f)~U"::t1''Ul1Jutim~f)1nf)~ 'th'Ut1'1Ju'1i~'U '1 

1~~dU XRD, SEM, EDS, TEM ~aml'V1~a()'1~U11~d111Ud~ij'liil~1U1Ji~ii~~llfliidj'U 
YBa~Cu30~.96 iif.lW'l1Q1Jdf)f)~ 92 lfla1'U t1''Ul1Jutim~n1nf)~ 0.03 mT 1flHt1'11'1LlUU 

Orthorombic LiI'UJl.I~f)l~Ud'\J'Ul~ 0.5 '1J1fl'H1J~l U,,::ii'U'Ul~'1J()'1tnl'U Ul::1J1W 10 

i1J 1fllL1J~l . 

f11Tl1'lflW no ff' Tl W:;1V1 {ll rm1~f lJ'I111V1 mKm11l!Tl'i'Umil':i\9)J 

• ~il~'Uti1.h:;Ul'U'I1U, e-mail: udomsamut55@yahoo.com 
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Preparation and Characterization on Y -Ba­

CuO Superconductors 

Thitipong Kruaehong, Pongkaew Udomsamuthirun * , 
Somsak Maneerattanakul, Tunyanop Nilkumjohn, SermsukRatreng, 

Kusuma Neamhun, Monnaphat Siriwatthapong and Udsanee Aiyara 

ABSTRACT 

The purpose of this research is to synthesis Y -Ba-CuO superconductors by 

solid state reaction and investigated superconductivity's properties. We characterized 

our sample by using home-made instrument The· critical magnetic field and the 

critical temperature's instrument, and others by XRD, SEM, EDS and TEM. We 

find that our sample has YBa2Cu306.96 formula, critical temperature 92 K, critical 

magnetic field 0.03 mT, orthorombic structure, single crystal size 0.5 J.lm and 

grain size 10 llm. 

Keywords: high temperature superconductors, critical. temperature, critical magnetic field 

Departinent of Physics, Faculty of Science, Srinakharinwirot University· 

'Corresponding author, e-mail: udomsamut55@yahoo.com 
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l111'Ul 

~1'1.h tl1~ ~'I,il'U~i'l.hvihjii fl1111 ~1'W'VI1'W 1'W fffll'V4l1i1'1 fI nfl'W'V41J 1~ tlU nYJ ~mf'lfl1 ... .. .. "" ....~.. 1 ~ d "I ,,::!'. <u " 

l'Wl1H)'m"'W~ "lffl flTlllJfl'J"'I'W flfl'Wl'Wff 'Wu. fl.ff. 1911 [1] 9$'1 t~Y'1n1;nm11~fl11lJ~1'W'VI1'W 

'Ufl'llhfl'VI 1~ tllrilhtl'VlM 1'Wfll"lf'W:::'H.h'llll11'Wlltr1u'i$"'I1'WH l~tllJ 1l1"1lvlmu'W m1"~ flWl1flii N" 
qJ • . ...... 

1.hl ntrhtl~fl'Vl-vi \l m1 ft fllU'W ~ 1 tI H l~ tllJ 111 "1ii ~Wl1iJii" ~ ,H fl £;''Iff,.1, 'fflJ fll1'W 0'1 ~ Wl1iJiiti 4.2 

'fl ,,::.i'W fl11lJ ~1'W'VI1'W'U fl'l1.hfl'VI" ~ "'Ilil'W ff'WU fl ci1'1 vl'Wvil1'W 1~ fffl11::: l'i$'W.Q(~tI wh fffl1'V4'1.htl1 ~ ~~ . ... 
(superconductivity) "":: (~tI n ~ tlAl1iJiivi'Vl 11-.1 fl11lJ ~l'W'Vll'U'U fl'lU 1fl'Vllil'W t1'Wu tl cil'111'WVivl'W 1~ if 

'h~wl1iJii!)nfJ~ (critical temperature, Tc) 

l1"'I111nn:l'Jfl'W'W1JUfll'V4Wfl11lJ~1'W'VI1'W ''Wil fI.fl'. 1911 lil'W~'WlJl m~fl'Wfl1'l::.i.otl 
l~ flll11~ ~TUl tl1~ ~'I'lfil ~ 'l1li "1 -viii ~ Wl1iJii::.i n fJ ~~'ll~w \9lI'Ul 1~ fl th'll;}fl'lil n ftl1 fltll'Wu 

fl.ff. 197 4 un!)'Vltllfflff~rt~fl'W'V41J 1,Il1::NfflJ'Ufl'l1'W lmutllJ (Nb, Niobium) lm:::ll1fl{lJllUtllJ 

(Nh3Ge) [2] ~'Iii~wl1iJii::.infJ~ 23.2 lfl"::.i'W 111mr'Wlil'Wn"1l1"1t1ff1Jilun!)'VlfJlfflff~1t~ 
'Wtll tlllJfl'Wfl1'l!).otlt.yjflll11~ ~':1't11 tl1 ~ ~'I-viii~Wl1iJii n fJ~ ~'lw:h 23.2 lfl "!)'W u~lliu1::ff1J N" 

. rilI111~'I'Vll1-.1I;}tli1 ~1'111t11~~'IUll1:::iiflWl1flii::.inf)tp}vi,)ln~flciu1:::lJ1W 35 lfl"!)'W U":::(1t1n 
't ou'" " 

,So' •• 

\PI11.htl1~U'I"lfii~Ui1 "i'T\.htl1~U'I~Wl1iJii~1" (low temperature superconductors) l11fl 

~1'111t11~~'IU1J1J conventional (~onventional superconductors) u,,:: 1'W'VI1'1U~1J~~1Ult11~ 
~'I'lfii~.Qii fl11lJ V'I tlln 1'W nl11i'lltil11fl'VI~ "fl'llJl f) rdfl'l111 n ~ fl'lliHlil tllJ 1l1"1lil'Wffl11'Wnl1"~ . . . 

fltlAl1flii l'W11::HliltllJI11"1iil1~ l~fl~ 2.18 Ifl"::.i'W U":: 1'Wf1l11i'l1'W,r'W~fl'l1<inl1fhtJ'I fl11lJlfl'W .. '" .. . 
lil'W mh'l &i lyj flvil1::i'n1j1flWl1flii1::«1J totl "1 u"1nl11~ flnU1::f1l1l1i1'1 Hl~ tllJ 111 "1IU'W1'ff~vi N5 tp} .. "" , " 
til mm:: 11 fll U'V4 'I 

11'W fl1:::vY'Il'Uil fl.ff.19 86 '1~ii nl1fl'W'V41Jflf'l1X1 ~ty'U fl'l ~1'111t11~ ~'Ifl flflf'll1i1'11~ tI 
11J'Vl'W fl ffll"::lJ" I" fl{ [3] i'1'lll tl1~ fl'l vi fl'W ~1J lil'W ~1111 tl1 ~ fl'l fl rilJ ll1li-viii fl'l tfU1:: n fl1J'U fl'l 

"" Cl· h 

ffl1U1::flfl1J flflU IU fl{flfl fl '19$~flfl La2BaCuO 4 U"::liI'U ffl1U1:::lfI'Vll9$nii ntfti~wl1iJiJ-.1fl'lii . 
fffll'V4lil'Wu'W1'Wlvlvhu~hilfl"~flWl1flii"'Iu'j::lJ1W 30 Ifl"!)'U 11::iiUfl1'WUlt11~~'l 

111 fl,r'W l'Wu fl. ff. 1 ~ 8 7 ~U"::flW::: [4] '1~ fl'U'W1Jffl1n ftlJfb 1'V41'Vlflfl nftlJl1i1'1viiifl'lfl 
'U ....' 

t11::nfl1J'Ufl'l U'VIl'Vl1t1lJ - U1J11t1lJ - ihl'V41'V1 (Y -Ba-CuO) tiii~Wl1iJiJ!)flfJtp}~'lO'l 92 lfl"!)'W 

~'Iii~wl1iJiJ!)n fJ~ ~'I fli1~~ l~ fl~'Ufl'l '1'W ltp}1111'W1l1"1ti 77 lfl "::.i'UU"::IU'W~1U1t11~fl'l"lfii~-vifffl'l 
(type 2) l'Wnl'J li'll'W~1Ul tl1~~'I"lfii~if~'I UllJl'Jtllod1'Ultp}'jll1'W1l1"1lU'WU11vilGJtl'Wf1l1"~"'I'Ufl'l 
fl W l1flii'1~ ltl tl'l111 fl '1'W 1~'J ll1'W 1l1" 1l11~1 tl11 fll fI n nl'Jfl'W'V41J flf'l.Ql'll hr f) l'J'VI ~"fl'l U" ::nl1 . ... ... 
lh:::tI fl ~1<i'll'W ~1Ult11 ~~'I ffllJl1 fI'Vll i~~l tI~'W 11:::l1t1 fl ~1Ul tl1 ~ ~'Iviiifl Wl1 flii!) n f) tp} ff'l fli1 35 

<II .. 'U VI" 

'fl,,!)'Wdi11i1'W~Tl.htl1~~'I~ Wl1iJii~'I (high temperature superconductors) 

11 "'1111 mY'W n'1~ii nl1'111lU'U fl::.ill nl 'j l~~tllJ ~1'111 tl1 ~ fl'l fl Wl1 flii U'I 11 1 f) fl ftlJ::.i ~tI ~H "1 
. . .. """ q 

fl cil'1 U'Vi~l1" lt1 u,,:::~ fllii fl'I '1uvY11"fll1'W o '1ifl1l1tJ'U fl W:: f4'::.i.otl i~ffn1jl::.ill fll11tp}1t1lJ u,,:::n 111' ~ .... . 

fflJtJ~'Ufl'l ~1'1.h tl1 ~ ~'lvi'1~ii nl11.11 IU'W fl [5 - 9] lltr1'Vi1Ji11'Wifl1l1tJ'W UllJl1f11~1t1lJ U"::ffll'1'lf~ 
. .. 

'Vl ~"fl'llvltl'Vl1 nl'J1' ~ ~Wl1lJii!) n fJ tp} U,,:::U'WllJ uli 111 ~ n!) n fJ ~ '1~~ tlli~t1 mufti ii'Jl fll1liu'Vi'l1JlnUfl 
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cj~c:YllJl<H)'Vil '~Jhn1fl~11DtT~ m'J~'UJ1U ~,nrU l'U nnl:UtJ flf~;f fl ru::0:u U'il::'~ 3'l tfl'Jl::11 ~Tl.h 
.~ . 3 0 OJ Ao-' • d A. ..., .d ~ 0.1 d. 

. U1~U'l Y -Ba-CuO '\l'UlJl Uc\::'Vllm'J1~~ru'VifJlJ1nt)~ltC\::c:YUllJUlJt'ViC\n1nt)~~1t1tfl'jfl'llJfl1~'Vl 

. ('I'11'l~'Uta~ 'J1lJl,f'l1~ lfl'J~c:Y11~~1u X -Ray Diffraction (XRD), Transmission Electron 

Microscope (TEM) uc\::c:YlJu'1lg'U "l. ~1U Scanning Electron Microscopy (SEM) uc\:: 

Energy Dispersive Spectroscopy (EDS) 

""'" 'l1ifll'lll~iHH 

flruim:UtJ'~t~1tJlJ~1U1U1~~'l Y -Ba-CuO l~ul1i solid state reaction l~tltilJ~'U .. 
'illnm'Julc:Yl'JU'Vlt'Vl1Uimfln '9$~ (Y 203) ,)1'U1U 11.29 nflJ lt1Jt1UlJfl1f1JatU~ (BaCOs) 

\l1'U1'U 39.46 ni'lJ f1a11t11afflflnl9$~ (CuO) \llU1'U 23.86 nflJ lJlflC\nlM'tcUln'Ulufl'Jn 

fl C\ilUl 'il'U l~c:Yn~ ('I'lJit11 fft'Vll ltc\:: til U tna t&i U1 nWill mY'Uth "tlldlUt11uflC\il'U~ U~1Ul '11tm l'U 
~ ~ . 

A ..d~ • U'OJJ 
t~ltmt.lru'VifJlJ\1~9$~lJn';i::U1'Um'Jt~1~1'l "l nu~'l'U 

~e! ~., . .J A. .-=I ~ 
f}1::1J1Ufll';ilNlf1'l.:.lll 1 t'JlJ~um::1J1um'Jt~l'YI~ru'VifJlJ 100 fl'lffWlfC\t9$Uc:Y 'illn'U'U 

~ -.. tv cv ..::. 3 4 • a A. ...:It' 

LWlJaru'Vif)lJ~1Ufl~';ilnl'JtWlJ'\l'U 20 fl'lffWlfc\t9$lIc:Y~a'Ul'Vl 'il'Uflru'Vif)lJ'\lfl'lt~l('1''lt:l'l 950 fl'lffl 

t9$c\t~lI('I' .. Ut;l1fl'l-Yfaru'Vlf)ilu"11 18' ci11lJ'l 'illn..r'Uc\~flru'Vif)ilc\;~1U5~'Jl 20 ~'lfflt9$c\t9$lIc:Y~a 
.. 4U 'II 'U 

.t:t A. dl I!:I ~ ~ d ftl QJ ~ ~ d 
'Ul'Vl 'il'Uflru'Vif)lJC\~C\~lJltH 100 a'lfllt9$C\t"1Wc:Y flnfl'j~ntuUfl'Utc:Y'J'il'\Jfl~m::U1'Um'Jt~1f1'J~'Vl 1 

~ .. . 
.d' • CtJ ~ 

9$'l11m::1J1um'Jt~1'J11ii 1 ~'l'U .. 

~ . A 

20 CI \l,1Y1 

r."-----------------:-'..,,...,-:-~n!n ("JIll.) 
100°C 

lrlmc:Y~'il a'Un';i::1J1'Unl'JtNl flf'l 1 c:Yl'j.yil~'il::11« n'hlru::tu'U c\"l'Jff~l :U1J~1 nutil'Unflu 

U~'l U~11~W1'U 'Vi "-3'i1lmr'Uthc\"1'J-Yfl~'illnm::1J1um'Jt~1f1f'l-Yf 1 l111J~ l'Ufl'jf)a~il'Ul'i1'U l~C\"i';i-Yf 
lU'U ~'l c\::t6l1~ tt~1ti1111tl ~ ~1 t!tflia'l fl ~'ilul~ c:Yl 'J.yi 11 «n'hl ru::til'UUNU n C\lJ ff~l 11 nY'U ~hu 
ffUtJnc\l'l 4 t9$U~tlJ~';i UC\:::11f111lJ'l1Ul 5 iiC\~tlJ~'j u~1thhJ1'Um:::1J1Um)t~lflf'lvl 2 ~-311 .. 
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~d ~ u .J A. ~.., ~ 
fll~1J1UflT'HNlf1'Hl'I 2 t'jlJ~Un'j::U1tHf.lll'1~Wl1iJlJ 100 fl~ffW)HHC)fUff Ui:l1t'WlJ 

flWl1f1iJ~1tJtr~'jl 20 fl~f11t9fi:ltc;Uffl9ltlUlii 'ilUO~flfl.ll1f1iJ 950 fl~f11t9fi:ltc;Uff tU:r1fl~vtH'tiJu 
.." . .. 4U 

run 18 ~11u3 'illmrUi:l~t1W'VIfliJi:l\l~lUD~'jl O. 7 t1~f11l9fi:llc;Uffl9lflUlii 'ilUO~t1W'VIfliJ 400 

t1~f11t9fi:ltc;Uff U~lfl~vtflW'VI~iJ'U"; 12 ~11lJ~ 'illmrUi:l~t1ru'VIfliJMflnflf~~lt1D~~l 3.~ t1~f11 
.. " .. qa 

t9fmc;tlffl9lflUlii 'ilUO~~tu'VIiJiJ 100 t1~ff1l9fi:llc;tlffflnflf~ cR\liim::ulum'jlfn~-:Jl1.H1· 2 ~~if 

'! 
O.7°CI \1.,;1 

\.. 400°C fI.:lil 12 i".11J.:l 

ffl'jiil~'illflnl'jlf.llflf~ii 2 ·'il::iifl11lJUni~lJlm)';hm::ulUnl'Hf.llflf~ii 1 'illmTutll 

ffl'jiil~hn~tJ ~1 tI tI tI nCH1'ilU 1 'W'jldl tI tI nCHl 'ilU1UU ~hUlh::n t1uii alfl ty 1 U m'jtlll11tn ~ fffll'Wtll 

Ul~~~'\JtI~ffl'jnrilJif 1~tlm'jthltJlf.llflf~ii 3 cR~iim::ulum'jlf.ll~~if • .,. " . I I 
QJ..::t A. ~.A. .r:::I. a,#.A. A.5V 

fl"l~1J1Ufll"lINlfl"l~1'I 3 t'jlJlf.lTVItlW'VIflU 100 t1~f11l9fi:l19ftlff Ui:ldl'WlJtltu'VIfllJ~dU 
. .. qa. .. v 

D~'jl 20 t1-:Jf1119fi:llc;tlffl9ltlUll1 'ilUtltul1f1iJf.1~ 450 t1~f1119fi:l19itlff 11lJl11fltlnCHt'iluvtiititilu 
q cu . v 

'u'j'jtl1mf1~lt1m'jtil~fhlVlllUUni:ll 8 ~11lJ~U"1r1t1U "1 i:l~t1tul1f1iJi:l~~1t1D~'jl 3.3 t1~f11 . • v 
.r:::I. • .r:::I..cSt ..::..<4 

19fi:l19ftlff~ t1Ull'1 'ilU fI~ tI tu'VIfllJ fl~ . . .. ..,:::t ~ ~ .d QI.r:::( ~ 
100 t1~f11t9fi:llC)fUfftlnfl'j~ 9f~nl::1J1Unl'jtf.llfl'j~1'1 3 lJ 

m::u1um'jtf.ll~~'jtJii 3 ~~if . .. 

Ln-----------,--------''-o-~ n.n (-t'l111~) 



20 
SWU Sci. J. Vol. 23 No. 2 (2007) 

~(.lfll';i'fl~~a..:l 

l.hffl'Jvi'1~~lf)f)'J~Ud'Um'JLI:.nflf'I''l'~llilv'1tJ'Vh<tf'':r 4 J1 L~V'i\9l1'm.n1~1V silver paint 
d 0 '1- t ..., A. A. t ~ A. d 4I9.d..., ¥ 1 L'WO'Ul lJ'Vl ~H'I0'i1~~W'''UJlJ1 f) q~ U"~ff'UllJUlJm" f)1 n q~~l n LfI'J()'ilJ()'Vlff'Jl'i'\J'ULO'i ~ VfltU~ 

m.ijv'1~v1~v111.htn~~'l()()f)'1tJU1'i,b'UL'~m.h'1tJ1~~1VLfI~tl'i{j()1~"lfit~g'U ~'i~~'1~H"m'J'Vl~,\ij'i 
~ . 

~llJfh~U~-3~() '1tJ.o 

cv """" 
fll';id~~ru'H~:tJ"lflq~ 

li'l v1TUltJ1~ ~'ivi'Vi'1J1 L~vur()tHLd'11ril'Ufll"lf'U:::'Vl'J-3 n'J~uo f)vi'Vh~l n'Vl()'i ma tl-3 LvJ() 
u0-3n'U'1lih1,'U 1~'JL~'UL'H"1«lJ «ffffi'Jv11mh-31~v~'J-3 u"11ri1'Utl-31~lJ lri'1'U 1~'JL~'ULl1"1"-3'1tJLvJo 

. ,,~ow""flii~'Ut)'i 77 lf1~1'U v11'th~~()u1'Ufffl1'WU1Vd~~-3U"1 l1"-3~lmr'Ulrif)'J~l1ff'1~vh~H 
'\J'U~~ 3~O rnA 1<til'tJviff()-3,T1~1'U'U()~ ri1'Uff()-3J1~1'Ul'U1i-r~ft11lJ~1'iffnvviLn~;j'U LvilJ 
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.di .di.., '" fll';iflfl'lllll-HHl~'UHfl'HH TEM 
lfl~fl.:J TEM (Transmission Electron Microscope, JSM-5410LV) lihHfl1fl.:Jiifl 

1~vilifff)1:Il"hl:ltu~'\Jfl.:Jt:-I~fl'\Jfl"tYl1 'illf)fl111~~1'\.h{n~~" Y -Ba-CuO ~1t1 TEM iu 

JSM-5410LV Ul1Jl"HHlU~,,'~~"~tlvl 9 
• 

. 'WlJ'h~1,.htl1~~"ij «fl1:l tu~'\Jfl" ~~fllilUlllJlJ ~ilfll~tl1'\JUlm~fl 1~tlij'\JU1~'\Jfl" ~ilfl 
tl~::lJltu 0.5 11Jlf1'HlJ\9I1 

fltu~~:ijtltYllJl1f1lVl~tllJ~TlhU1~~"lumilJ Y -Ba-CuO "'ui~ l~tll'lfl1i solid state 

reaction 1~ uijUl1~.:J ~Uftfl u'Vll'V1~tllJflflfl 19f~ (Y 203) lllJ l~U1JfI1f1JfllUVI (BaC03) lln~ 
flfltlltlflfflflf)l9f~ (CuO) tYl1v1LVl~U1J'~«fl1:ltu~uf.lufln1Jii~h iit~uf.llUtfuaf)nl'1 4 L9fU&iLlJVl1 
d. A. ~ d. AA. d. A. • a A ~ 
1Jfl111J'ViUl 5 lJnnllJVl1lJfJtu'ViiJ1J1flCJ~'V1 92 Lfln1U tYU11JLL1JL'Vinf)1f)CJ~ 0.35 mT lJ 

lf11"U~1"lllJ1J Orthorombic LLn~t1'~'J'V1l"LflijLilu· YBa2Cu306.96 «f)1:Itu~'\Jfl,,~ilfllilUU1J1J 

~~flL~U1'\JU1~L~f)Hn~'WlJ'hul'JU"hjLiluL.QflL~U1nunhvlfl1'J 
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