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ABSTRACT

We present a brief overview of the phenomenology of high temperature oxide

superconductors particularly 2imed towards understanding which general soucnural

and/or elecmonic features determine the superconducidvity. A systematic study of the

phenomenology in the YBapCu307.§ system shows that sguctural fearures as well 2s

oxidadon states affect srongly the superconductviry and that in ceriain regions of the
phase ciagram universal reladons exist which relate cerrain smuctural feamres 10 the

-

UDEICONQuCong Tansinon emperatures.

Although the study of high temperatre oxide superconductors has procesded at 2

fevesish level for the last two veass, to date no clsaz-cut consensus has emerged
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metal ion such as St or in the case of YBayCu3Oy family the role of the dopant is taker
by the oxygen deficiency. It may be argued, by comparing different systems, that the
transition temperature increases with incréasing number of closely packed Cu-O
plancs;40‘42] for instance, the LapCuO4 type superconductors have one closed packed
plane and a T¢ of ~40 X, YB2>Cu30y has two closed packed planes and 2 T of ~ 90
K. Similar effects have besn claimed earlier in muldlayered superconductors of Pb/Ge,
Sn/Ge or Al/Ge where the T was found to increase with the number of layers.43]
However, controlled studies are difficult to perform in order to vary the number of
closely spaced planes and only three closely spaced planes in a varniety of inter-grown
configurations have been realized to date.#1] The main reason for this, is that the
number of closely spaced planes are determined by the metallurgy, stoichiometry and
thermodynamics of a partcular compound and therefore are not contolable at will.
Moreover, to date the derailed stucture (particularly the oxygen ordering) of some of
the compounds (BiCaSrCuO and T1CaSrCuO) is not uniquely determined and therefore
the conclusions should be taken with some caution.

A possible alternate approach is to perform well-controlled changes in a paraculer
system which contains all the hopefully relevant features.®4) This approach has bee
quite successfully used in the YBaCuO system. The reasons this sytem is paracularly
arzactdve are the following: 2) the wansidon temperature is quite high, b) a large
number oi substmutions which have veried degrees of influence on the
superconducdvity can be performed, ¢) changss in the oxygen sioichiomery can easily
bs accomplished by 2 veriery of means and perhaps most imporiantly d) 2imost single
Dhase compounds can be prepared which allows a very precise and derziled
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features (if any) are "responsible” (i.e. crucial) for the superconductivity and whether
the existence of mivalent Cu or monovalent O is crucial.
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Figure 1 Orthorhombic structure’ of YBayCu307.§ showing the full structure
(above) and the coupling by the Cu-O "fence" of the Cu-O planes. The
occupied oxygen site on the chain is labeled 01, the unoccupizd
03, the bridging oxygen 04 znd the oxygens in the plane are 02 and 03.

Cu in the chains zre labeled Cul and in the plane Cun2.

The answer to many of these type of quesdons lie in a serss of well-conmollad
experiments in which the szucmure and superconductivity for various oxyger

fifficiencies and met2l ion subsdredoens have been performed.
F:;u:e. 2 shows e resisdvity of itwo YB27Cu307.5 samples, one slowly cooled
A

- - -~ - - - < — - - - -
2nd anotner guencheZ Som 2 Egn emperanire. '3] Tne slow cooled szmplz shows 2
1 . o, . = e —
0w CXVESD deficienc v &g no-=z1 st212 resisdvity and nign Lo, WRETEES 1ne CUSNChEC

1}

3 % i - o ik -
SE.'C'J_DI‘C‘. ias e :‘..g.".‘.‘: OXY g2 C2iIenly anad normal sz Tesisawvity, and da "":TSSS"" le

Deziailed sméiss snow that the wansiton 1emperaure decreases 10 zero close 10 21

oxygzn stoickiomery of 6.5 (i.e. only Cu*"or ol- prasent) and close to the occrenes

of the Ortnlorhombic 10 i2wagonzl S TENsitloi. Recent £25 £voiuiidn
exXDe _4-23:5"01 Nave SN0W low SI'IO'JC'J \'E:if'.:y concenTznon it e
Cu-0 piznes which do not diseot conduc=on. tha T znd the Ty S —

- izl damad sy .;' ncucaon, vis ol T 0TnoOTT0IC-TCTEALEonal

phase transitions are determined mostly by the concenzation of oxygens in the Cu-O



23

er B

—_— - T
3 15 H
o 1
c 1
£ [
- 1
1
1
Q 10 H
T
T
13
H A
T
§r H
i
H
0 j i - .
0 50 100 150 200 250 o0

TK)

Figure 2 Resistivity versus temperature for a slowly cooled sample (A) and the

same sample after quenching from a high temperature (B).

A variety of other experiments, especially in the LaCBag_xLax)Cu3Oy47] and the
Nd (Bap.xNdy) Cu30y48] systems show that agzin the superconducdng wansition
temperatures are correlared with the concenzadon of oxygen in the Cu-O chains.

Moreover, a plot of two types of quenching experiments (fixed tmes different
temperamure, or fixed temperature different times), the La(Bay_xLayx)Cu3Oy and Nd
(Ban.x Niy) C::SOy sysiems zre found 1o scale universally above 2 Tp ~ 50 X, wit
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The substtwtions of a number of rare earths in the Y site show very lite effact on
the superconducting properdes. However, three elements (Ce, Pr, Tb) have not been
successfully incorporated into the superconducting 1-2-3 phase. These are also the
elements that form mixed valent compounds and are occasionally found in the
terravalent state, unlike Y which is always wivalent. Fig. 3 shows the temperature

ependence of the resistvity for a series of samples in which Pr is substituted in the
Y1.xPrxBasCu3Oy system.50] Again, as a function of increasing x the normal state
resisdvity increases and the T decreases. These changes are quite similar to change
which occur with increasing oxygen deficiency 8 in the YBayCu3O7.§ system as

escribed above. Itis tempring to assign all these changes to a change in the amount of
C}13+ or equivalently 0l- present in the sample. As the Pr concentration increases the
amount of Cu3+ (or Ol') decreases and therefore the resistvity increases and the T¢
decreases. Unfortunately, no derailed nevmon refinements are presentdy available in
this.system to make 2 definite statement as far as the role of Pr valency as opposed 10
the oxygen ordering is concerned. It should be swessed again that in all cases a variety
of phenomena occur simultaneously and therefore assigning changes in the

superconducaviry to one pardcular feature may be misleading.
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This brief review has outlined scme of the main issues in the field of ceramic
superconductors. Namely, which is the main feature which determines the
supcrconductivity; a definite structural feature (bond length, cell edge, oxygen
ordering, etc.) or electronic feature, parti cula.iv the presence of Cu3* or Ol-. In order
to ascertain which of these fearures is cztical it is argued that universality in behavior
among 2 variety of different well-conmolled experiments should be searched.
Experiments to date imply that both the formal oxidaton state of Cu or O as well as the
oiygcn orcering are of importance. Above a T¢ of ~ 50 X, the superconducting
transitdon temperatures obtained in quenching and substitudon (Nd, La) experiments
seem to scale universally with the oxygen chain order parameter. Below this T no
universal behavior is found.
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