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2 o Asg ZATA A F Be oled WAl slglorh, 2AE AHolE AH3) dste olEe
obx) qirt shlch. B3] APHold TA A MRAEE 0] 34 0] (double transition)} Torgk 21714 Aol sl e
A ok At olalrk Sl Aldleld). & =Tl E ARHEAL] $52Ue Agsto] A E Holol lo]

A}, A7) 1] $%7)4o] CONFINEMENTS} TRAPS] ¥ @A 2 oldh& adgiet. o] 5 i) Ao w7z
£ o]FHolE B A Wk ohel, ofu] Helo] ARG Holt A7IA A, 53] Tht vortex
structure & H.¢J3=1= magnetic phase transitiond- 3+ A& 5 glgdeh. oj2] FH9 ZAEAENN FEHR
17 5] = double transition®} thoFEl magnetic phase transitionS- & A= ek 4= ¢li=x] o7} AT HAF v
dute] 222 AP & AAE el

ABSTRACT. Since the discovery of ceramic superconductor the various theoretical developments has progressed
but there are no definitive description about the superconducting transition mechanism. In special, both the double
transition and the various magnetic phase transition add to the complication of the understanding of HTSC. In this
paper, we presented the idea of the two-step mechanism for the superconducting transition in view of the
condensation model of electron fluid for superconductivity. And these concepts are successfully applied to the double
transition and the magnetic phase diagram of various types of superconductivity. Therefore, both the double transition
and magnetic phase transition should be the touchstone of general theory for superconductivity.
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Fig. 1. Sketch of various shapes of double transitions.

TEE & Atk dARE o]}l )4} (granular)
ZA A o) 4] 2] coherence 7} A AR T (case a); Ab4
Z<=(oxygen vacancy)®] A5 thg A A 3Hordering)y}
F A AR o8 QALES A2  (case b), 5
HAql Fruste}l 2% Wt 2§ Ao|cH (case
c); twinning plane °3°—‘}°ﬂ/ﬂ 2AEAo] FAALY
(case d). 12} o] & AAW-2 /PEAQ] AdH AR
o A3 A9, oh;x%ol & wapsl sk
e ok gick. AL oleld YA o
&) #48A<) G-Lo]| 2(Ginzburg-Landau theory®)&
A4, % AFolsh ol o A=z W3ke}
Agoliia) Hashe) WS Az RN LA st
WElE SAAA sl sk et of of
28 7t AolollA] order parameter®] ¢191-S AW 3|
F+A] 58151 )2 m] Symmetry breaking transitiono]
S Aol ol 3] 257 o BsA U
oLk A& AR ojsich ma AR A @
77l vl AAel 2AE o] &<l BCSol&’ =¥ 1%
2] Cooper pair24] o] A A=g 4 ¢lgc). =
2£xA%E A& A9gcohe polaron, bipolaron,
B o] B850l glont ojAE
< 3 FAEAE ZF AW 5 glon o)FA
o] FAw s|AskA] Fhel. wEhA o] WAlE W
A A& E & gl Zde] dasith 170] v}
2 ARG 5 md’o)r},

& =EolAE olF Aolo didh GHsy A&
7 BANGEA A4S shasl ok WA Hal
A9 §5 2dS A8laL o] o]8E TR F
A Hol(two-step transition)24] ©]F% o] (double
transitionys A= glc). 3] 2AEA ] AL Zo)
F51¢ ale) A71Hel A5l Type 15} Type 11e] 7
olF F Wl o] wyliF o Musla, %9}

exciton, anyon 52

21717+8] 42 ukslgl magnetic phase diagram-&
A=gict. oeld] HolAHed4 el double transitionT}
magnetic phase transitionS- 2+ A= ¥ = 9) =R of 2
7} 245 JAF Aol odube]l o7 AR E 7}
2l A Erl g8 Bo|xx} g}

HxwAHCl SE2E

gutz o 2 A XA & AFHAEL 2 250
Al 7] A A # (gas-like) 3 F-7c} = 304 A A ol HA

E73 % % (chaotic motiony& g}, weka] Agt
£ Aol X4E7} A= 5]‘?1, Az %
Z F=ol A .o]Ae] vigE A
714 8o} °] A71A gL 257} Gol A E 2k

£ ZH) =Hed, ol AHAP|AY 2FeluR|7}
Zfolr] 7] W ol mebr FEe Ag-2x FA
oA o] 7187] & 7HAIch

I, 2AEA & A
32 ZNAds o P E BeFoR, ol
A7) Aok F8-817] $)5te] Fermi liquide} H-&
Landau'’s] 3 v} 8}x}E¢l ©]3] Fermi liquido]) EH
& A7t 39T, FAL AA ‘Heolld] Jehts
EfAgse] ARl gt e A7) sl
av A F FAYEA 2de] Y g 23X
Z37] dFol 2Av A Aol A7t Ao] w7t
YEE WA= 23 Aot

£ ARAES ARAzRe] Ao Ar1AMg ol=)
< WA S 3 F, 2T A2 RS A
EZ3S o] Fw AR Aol I3ty Fdel
3, T2 3 AfRAARY SFo] delv) &
53 Aol AR TS T2 HRE=R
IE Folde dAolth 1elnE FH 29
e AAL $5% Fejl AAH S 97HE
7 et

A 2T A & ARAAE LEoﬂ
Ae 71AX"E A F2hed A4 A s
ojtirt, &7t GolAw oufx] 7} FoiEo] %%Oﬂ
A ofo] A E=H o] AARe YRS Alold] ¥
AR I (interstitial)ol] =43 3314 312 %9
HEAS =7A o o] A3 o)Ak 95
AxpEe] &3] A2 AR g 2 E“”/}
o] A&Aql HEAF $-Fo| $E3le] A= uls

UE

[=]
=

Journalm of the Korean Chemical Society



ol Aelet A5t abde]: 2ARA A AA A9 &% 2 601

AR & zhe AAE7IEe] e o3t A
3}+= <A u]£ Interatomic Superconduction Band
(ISB)e} e ol w) 7] Ae) M| el |5} 1SBol
£5% AR A AolE ZAE oA A
(superconducting energy gap)e|2} gt}. ojzigl ISB
el HAEL A45A AHAE-E Y3 %
el AAt == o2 ZellA] wh ks
ol gol Aoz dofdrl olzjgt AAAH
AT odz]e] &dgle] AAE o] FA1717]
Yol 2AE dAdo] doltA Hr o]gp 2 &
945 AAfA L] S&rdo|g} g} o] mde 7]
zo) AEA% AAEY] AFL Arxphu(valence
band, VB)#} A =1 (conduction band, CB)Z 2 4
3} band theoryel] A E A ol|A]e] HAAQ BA
& AW E 4 9)= ISBE AMEA =443 Zlolt}

o] AAfrAY SEHREL d7e] FHolul Ay,
Ag, Cusl o] A rr}t F2 FSellr] 2H=A7}
A E3le ol--E ANE 4 ol & 4 35
A= VBE CB7Fe| of|ujA] 7FAe] =] uffof
1 Atoldl| ISB7} AE 4 $13, Au, Ag, Cu 9
Al AATEY Ak e] symmetry7} W F51
T QAR g7 o] el d ol HsHA] o] W
o £2 AERAL ¥ A7} FA| I3t

EF 2AEA Sk Axpudel wet Az A
of o] Uelihe TR Aol LekHlol W}
PALES 0T+ 3185 AFT 4 ok 22l m
2 FAWAE) AATE, AR Ha} L, 2
B3 ISBE A AT &+ xE dFe 2AA
o] Apudo] 2w A EAE AAT 4 Qlot

SEH Ho| miptlE
(Two-step Transition Mechanism)

Aol A SHE T BAIA S5
A2, Azlge] Adste 2AEA FdA Ae)
7l ze ok s 2ok,

ZAEA & ARANEE YALE ol
7144 (gas state)©.2 AER}, 22t LE7} Jo}
Aol wet AfA ) SFelUIA7} Fol ST, A
A 2AEA AN el A oux]7)
£ ZFxZ)ekel 2+ AAM}E (confined state)
A "k & Aae] et deba s 3 A

1998, Vol 42, No. 6

DA AL A (gas state)t BAZFE Aol AR
S5dl 2 owy 1 FEHUNE F thEFeR
2] o]Fo] FA1H ARl (confined state)Z -3-%3}
£ 3}Ao]c}. o] 3 CONFINEMENT g} gt} o]uj
Az} A s T2k F48 AAd s} Sots)
A =, Hre] Ml 3 PR oA E A
& Zlole, wjeba] 13} Aol 7} viehdAl & 7o)
o} o] AL duteA Y] Sz v wF u,
2219 7% #2}7) A (two-dimensional dense elec-
tron gas)2} & 4= ¢l 7t}

o] AL FxA o] Fredl ExA
ZANA A dehdA =l=d, ol v AdAS
Atelell 243l FIIAAY tlE o8 ol5d &
A= A7 He Zelth o] Aol currenti} 2}
7172 wslel] whel Ay} dEiR]= o|uHA
(anisotropy)e] vFebdth(Fig. 2-a”). & HFZ 7}3)
& whako|u A7 Ake] vkl el A 7|2 g el] 9]
oA abH}aF cubake] gle] oh2 A vhehidet. o]
SATE el A o whake] A7AE g
& ab% whskel wE W & S 2o, 1 7]
7]el 9lelA] ab% wlEkE <ke| 7)27)(dp/dT>0)%
zZhe Wb o WERE 718707} dEkd HAR(dp
dT=0)& zt=c}.

o128 ool hehi ol % Fig. 2% %
8l A o]al & 5~ girk. Fig. 2-b& Lduk-f-A9) S
0E PyEe] Wik £x, 4o EYE
W ooz BEI 7|4 low density limit2 F X
" AAY ok 718718 2 g 22 A8E
Al #3, dense gas= ¥ =4 k2 FhE F
2EoA = 59 e 2= Ay BHs RAF
o] 7 gk2 dilute gasol| vls] 2 3r& Z-=t}. Fig. 2-
a, bollA] M3 dubf-Ale 5FE wWelshs A
(viscosity)e|v} A3E Zhe AHAA-A| 2] 388 vl
3l #17]*] 8}H(electrical resistivity)2 B o 7 2+
ged YA 2 AgdAelnt weiy o]
2AE Bolq ZAAN uolt ArAG o]
A7) Al (gas state)7} AEE Alo]o] A xS
Eoll 2oz 1 FHHE AR 2o tfES
2 229] o)l%o] FX% confined state2] &2 F}Hal
AA Frh & o] AHle 2AEALL] F3kx1E] 4
5 249 39k Axp|Ael & confined
stateo] 22 M7 goI} A7) sk AR £

fl

2% o St

(oW
rlo
2

-~



602 FMRREE - BN - ERE - BTTER

; y r . T 300
My Bo7Cu307 @ .
A Tt
| -B ;; T _f,,—‘::',ﬂ-‘f.zoo—é
Tl C e 2T 'Q,rf | S
c T e _2
..E— b { ’/’J _,-" Q.u
Q¥ LT 4100
4 /",,/
0 L A A I A Q
0 00 200 300
T{x)

Osnse gas

I
==

25

Twe-phase
egion

=
/‘/‘/
VA

A
N7
N
AN

)
A

S
10
03 Critiat N
3 =
o8 ot LA
(3] || 1 =4 Z
06 74
05
0
» ox//‘

©

Low dragily lim

0.} ~—p-

02
0¢ U5 06 08 1D i 3 4 LN T I B 1]
Keduces mperature T, = T/T,

Fig. 2. (a) Resistivity for current flow parallel (pa,) and
perpendicular (pc) to the CuO ab-planes of YBa;CusO7.
Data are given for three samples A, B, and C. Note
from the change in scale that p.,< pc, (b) The reduced
viscosity W=p/U. as a function of the reduced tem-
perature T,=T/T. at various values of the reduced pres-
sure P=P/P..
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transitionol| HEH W AY F A 34 o]
7Fedt ZAs AL Za0) glok. ks g A
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o) 758k A5 A g wkAl o= single
phasecl o] Asbrk F88h7] wliolch mebd
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Fig. 3. Heat capacity of YBa;Cu3Og9 vs temperature =,
AT=0.25 K; m, AT=0.01 K; Label A indicate the
2nd.-order transition and appears the critical behavior
Label B indicate the 1st.-order transition with latent
heat, 1.=3.67 J/f.u, entropy AS=0.041 and AC,/T=62
mJ/f.u. - K* Inset shows both the jump in Cp and the
first-order nature of the transition at 90.30 K (B).
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Al kA3 7)3k(vaporizedySIcH(Type 1, Fig. 4-a). 1
v} w2 2R w A9} 7H2 Type 112] 7-$-(Fig. 4-b)
+ confinement®} trape] SHA|H o2 HolEr] ofF
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Fig. 4. Type 1 and Type II Superconductors explained
by the concept of gasification of the electron liquid.
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o, Ho(T)?t Ho(The AA H(DE g 7H2] phase
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Conventional Type II superconductor

H b

Superconducting
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1 Long-range hexatic
== correlation —

Meissner
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T

Fig. 5. The Magnetic Phase Diagram of Various Su-
perconductors a) Phase Diagram of Type I superconductor,
b) Phase Diagram of Type II superconductor, ¢) Phase Di-
agram of High-Temperature superconductor.

Al ok webd 9% Alge] - e
normal-superconductor transition®] 7-$- 23} Abd o]
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A2 A=} oV X]E Z7FA]A trapped electron®)
Aol xE Y34 ¥} = normal-superconductor
transition+= UHM-A 2] vaporization curve$} -§-A}8+
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A71% Ho(The P99 2xol|4 confinement7} =]
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2] Az]olw, 3t IAIA7 1A Ha(The d99] &
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7} "t

o merAEAL A3, Al A7) et
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<+ vebdoh AL, A7|AE HAoAFA] oS o),
Hy(T)eF Ho(TY7 M2 uhiz] ederhs Aol o]
AL a7 A o] 918 wex 5 A9 confinement
2} trape] Yehdth= 72 2, Z double transitiono]]
A RoFE= = o] #ole] &A= zero current,
zero fieldo| 4] ZAEAF Uubile] 315 mixed
phaseZ} EAE 5 L& & 4 Ut o]7-& HT
phase diagram(Fig. 5-c)& £3) 2 & 4= qlv}. &4
2 mixed state®] tiokdl AEPolr}. £3] H-T
phase diagramel| 4] Meissner state$] ol = th7} 2=
ZAE zF= vortex latticeE Z-+= 7o) dulxiolg)
whal, 2% A oA+ vortex fluid7} A}AFo] AF
< O AAre] 2 2D F Aol EA F
od o A}o]of| vortex lattice9} vortex glassAFel] 7} £
gt Zlolu). o} 7bA] t}ekEl vortex structureo]]
3 A2 Hoiz) ] ¢k gt o] AL F wA A
ojWlFIE-E T3l & 5 =l DFFAA et

+ vortex liquids= =2 22 R}7} Aol 4] trapped

electrono] 713=7] A28 o] AFqld], od
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S kgl e ERe @ 4 9o, v
L2 T A} o] FXA 22 confined state”]} QF
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e,

39} 7ho] MALf-A S| SE R F A2 Aol
] 711]Z~2 double transition-& 2+ A= 4= g} o,
Type 1 & 18] 788 5749 H34Ad 75}
AF(vaporization) 2 2 4] A=& ¢ glgch =3 2%
o} A7) Aol whE ofe] FF A=A st
magnetic phase diagram®] t}e}3t vortex structureS
Z Ay = gl o] AT A% Aol
& 2A-dA AR @4
transition® (MIT)E Zx}7] 4| 2] confined state’} of
% ok 33l ol met trapped state 2.2] Ao]7} deojrt
A $e ASEA A AW 5 gleg]z AzbRh
w24 corundum structure S ZFe= V,0,704] e
FE MITY 32 233 a-ALO 4l|42] double
transition = ©] &} 22 & whA| Aol w7l ]F o2 o]
oA 5= A =g ARAFA Y $E52dS
A GRAY wteA] 4 BAE g o
stEl ARIAY BT AR A A (electron-
liquid conductor)® A 4 lgoH, o]l= A=
&+ EAA AL 2AEA R JHEAS 9 5 9
< Zlelt}.

metal-insulator
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