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1. INTRODUCTION.

With the discovery of high-T superconductivity ( HT SC ) in the

bismuth and thallium compounds, some general features of the oxide ce-
1 2

ramie superconductivity are emerging :

(i) These compounds are superconducting In directions parallel to the

Cu-0 planes, leaving unanswered the question of the specific electronic

phenomena that is actually occurring.

(Ii) Pairing is, nevertheless.suggested in HT SC from the results of
3 c

the experiments on the quantum flux

(iii) The perovskite-like layers that were so evident in the rare earth

compounds, also appear now. For example, in the thallium-based super-

conductors layers of thallium and oxygen atoms form the outer layers of

a system in which one, or more, perovsklte-like layers lie in between.

Given these properties. In the present work we shall attempt to

develop a phenomenologlcal formalism, that may serve as a basis for an

eventual full microscopic theory. Thus, in Sec, 2 we make a conjecture

as to what Is the nature of the order parameters Involved in the pheno-

menon. We proceed to state, in the same section, the general assump-

tions used in the work. In Sec. 3 we develop the phenomenological

theory for a two-layer compound, and apply it to derive, in Sec. 4, the

coherence length. In Sec. 5 we extend the formalism to three-layer

compounds. We conclude in Sec. 6 by making some comments on the ex -

periment.il features that may be explained by our approach. We also

comment on a clear prediction that follows from our work that, to the

best of our knowledge, has not been studied by current experiments.
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2. THE BASIS FOB A PHENOHENOLOC1CAL APPROACH.

The general features outlined in Sec, 1 lead us to the following

conjecture:

In the bismuth and thallium compounds, where HT SC has been detected,

the underlying microscopic phenomenon is pairing that occurs in sets of

Cu-0 layers.
k

Our conjecture is supplemented by the assumptions:

(i) The sets of Cu-0 layers are coupled together In such a way that

the theory will take this into account by means of a negative coupling

constant J . For Instance, in the 2122 structure ( discussed in Sees.

3 and 4 ), the two sets of Cu-0 layers in the unit formula will be as -

sumed to Interact through a term in the effective hamiltonlan proportional

to the coupling constant Q .

(ii) We assign a separate order parameter to each set of Cu-0 layers

that lie in each crystallographtc unit. In other words, we assume that

there is a different order parameter for each bilayer of Cu-0 that may

occur in the unit formula.

(iii) These multilayer compounds allow electron conduction in the Cu-0

planes since the Cu-0 bonds in these materials overlap ( the copper

d-, and the oxygen p-orbitals allow the electrons to be delocallzed ).

(iv) In spite of the phenomenon of HT SC being essentially anisotroplc,

we take '•

(1)

where SII denotes the coherence length In the ( a,b ) plane, and where

X . denotes the coehrence length in the c - d i r e c t i o n .



Wo feel that our conjecture and assumptions (i) - ( iv) should serve

to set the basis of a phenoraenological theory In the spirir of the origin-

al Ginzburg-Landau work , since definitive experiments of the most import-

ant effects are still not available. For instance, the isotope effect

experiments should reach a level of consensus which Is still missing, not

only with respect to the oxygen experiments, but also with respect to the

6, 7
Cu- and Ba-experiments , so as to be on secure grounds, before

attempting careful microscopic modelling!

For these reasons it would still seem pertinent to search for in -

sights into the HT SC by studying a generalized Ginzburg-Landau ( GGL )

formalism, such as previous efforts that were directed towards an under-
d Q

standing of the rare earth oxide ceramics ' , which Led to the prediction

of a novel phenomenon ( to which current experiments have not addressed

themselves ) in the Mercereau effect . This particular prediction was

based on the GGL formalism of. coexistence of antiferromagnetism and super-
9

conductivity developed in ref. . These efforts lead us naturally into

the work of the next section.

3. A GENERALIZED CINZBURC-LANDAU THEORY FOR A TWO-LAYER COMPOUND,

As indicated in Sec, 2 we introduce two order parameters (7) , and

y* y, corresponding to the pairs, in agreement with our conjecture.

Further, according to the assumption C D in Sec. 2, the Gibbs free energy

F, for the superconducting system will not only receive contributions

from (f) , where i = J, 2, but also there will be a contribution due to

the interlayer interaction:

INT

where in a self-explanatory notation the contributions to F are:

(3)

and, in particular the interlayer interaction contributes the term:

<M

The supercurrent J is Inferred by making variations with respect

to the vector potential. We find:

(5)

where,

(6)

In writing Eqn. (6) we have used the standard notation:

* K \) ( 7 )

The expression for the London penetration depth j, , may be ob -

rained from Eqn. (6) by taking the curl:

V'H - r s
where we have assumed that the pair densities | 0 | are constant,

and where»

(9)
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We have used the notation:

(10a)

(10b)

The derivation of the second characteristic length is more lengthy

and deserves a separate section*

U. THE DERIVATION OF THE COHERENCE LENGTH FOR A TWO-LAYER COMPOUND.

We derive the expression for the coherence length in analogy with

the work of Abrikosov , but taking due care since now we are in the

presence of two order parameters:

(i) By making variations of F with respect to <p *', and tfi *, we set.

, ^ (in

in order to obtain:

K. IVA )// + U *«14. S (V| VJf
(12)

»j; ) J f. - o (13)

(i i) In order to Learn about the spread of the macrowave functions

( i .e. 1 the order p̂i rameters ), we linearize the f-function Lhac was

d e f i n e d in Eqn. ( 1 1 ) :

B1 . t = 1, 2

for temperatures close to T , where g denotes the deviation from the

mean field value in the linear approximation ( recall that f = 1 in

the superconducting state and zero in the normal state ).

(iii) In terms of g , Eqns. (12) and (13) become:

(15)

together with,
= 0

uhere we have used the notation

t t

(16)

(17)

which represents the coherence length in the standard theory ( J = 0 ).

(iv) Two relations are needed later, which may be obtained by equating

equal powers of g in Eqns. (15) and (16):

I #,. i =fit * A

(18a)

(18b)
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Since our motivation is to learn what is the general behaviour of

the coherence length, we shall restrict ourselves to expressions of the

order parameters in which the g-functions are given by the ansatz:

I; " h
where the coherence length parallel to the ( a,b ) plane is given by,

(19)

(20)

This parametrization of the order parameter ensures that within a range

comparable with the coherence length the pair density | QJ, | reaches

the mean field value ( the g functions are assumed to be negative ).

It has further been assumed that the order paramcl crs depend only on the

modulus of the position vector in the ( a,b ) planes, in agreement with

our conjecture.

(v) With the relations (IB), we are able to rewrite Eqns. (15) and (16)

in terms of our ansatz (19) as:

as we11 as,

(vi) With rhe comments in (i) to (v) we may obfain a convenient relation

for the reciprocal ofthe coherence length p : This follows from the

fact that Eqns. (21) and (22) form a (2X2) homogeneous system of linear

-8-

cquations with non trivial solutions, provided it has a non zero deter-

minant. This leads to the following quadratic equation in :

(23)

where the various parameters are given by:

(24a)

(24c)

(24d)

In Eqn. (24e), we may neglect [ ̂  ] • s i n c e lc l s o f

higher order in the coupling constant.

(vii) Finally, since U is a measure of the reciprocal of the coherence

length, the quadratic equation (23) leads to the physical solution:

(25)

This concludes the arguments ( i ) to ( v l i ) for the est imate of the

coherence length for a two-layer superconductor.
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5. THE COHERENCE LENGTH FOR A THREE-LAYER COMPOUND.

We may obtain a formula for the coherence length In the experiment-

ally Interesting case in which there are three bilayers (o Cu-0 pianos in

the tetragonal building block, the so called 2223 structure.

We first enquire which modifications ought to be introduced to the

two-layer theory developed in Sec. 3. The first modification occurs at the

level of the Gibbs free energy. It may be written according Co assumption

(ii) of Sec. 2, in terras of 'he following ansatz:

in which we have made a specific choice of the minimal Interaction between

the order parameters. In fact, we have:

*

(27)

as well as,

(28)

Since the resulting theory is of considerable difficulty, we shall

approximate the problem by taking two of the order parameters m be

equal, and solve the three-layer problem, in terms of the Cibbs free

energy:

F = 2F.

We shall find that the error incurred in this approximation is not

significant, since we shall see below that the main consequences of the

formalism are in qualitative agreement with experiments. Further it

permits to make a clear prediction which may eventually be tested by new

experiments.

Following the same procedure as in (i) to (vii) of Sec. 2, we may

find an expression for the coherence length parallel to the ( a,b ) plane

that would now be applicable to the three-layer compounds:

(N = 3) ,2 ^

The variables used in Eqn. (30) are given by the following formulae:

(31a)

(31b)

(31c)

Old)

= 0 (31e)

<N = 3 ) ] 2 , since it isIn Eqn. (31e) we have neglected [ y\

higher order in the coupling constant. We further remark that!
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(N =3) ,- • <N = 2)

2 ~ a 2o

(N = 3) = 2)

L,2

= 3) (N = 2)

(N = 2)5 <N = 3) _ -p- (N = 2

L,l ~ 3 L,l

(32a)

(32b)

In deriving relations (32) we have used the fact that the coupling

constant Jj has been taken to be negative; It has also been taken Into

account that as in the standard GL theory Qi. is also a negative constant..

6. DISCUSSION AND CONCLUSION.

From Eqn. (30) we infer that the coherence lengths decrease as the

Cu-0 layers in the unit formula of the oxide ceramics increase; in sym-

bols, we find that:

(N = 3) (N = 2)

I!
(33)

This property suggests that the corresponding critical temperatures will

have the opposite behaviour, namely, as the number of Cu-0 layers increases

so will the critical temperature, since the size of the Cooper pair should

be inversely proportional to the critical temperature ( recall that in

the BCS theory, for example this is clearly the case; in the eventual

microscopic theory of HT SC this would also be required. In other

words, Eqn. (33) suggests that:

= 3) = 2)
(34)

This is in agreement with the experiments for the 2122 structure ( N = 2 ),

-12-

as well as with experiments for the 2223 struclure ( H = 3 )
12

From the form oE the Gibbs free energy in Eqn. (29), it is conjectured

that more careful calculations should lead to the property

(N = 4) - 3)
(35)

Equations (33) to (35) emphasize that the formalism has some definite

advantages in the interpretation of the experimental data and we shall

indicate below that, not only is it useful as a phenomenological tool,

but also it has some predictive power:

We may assume that the coupling constant Jj is proportional to the

doping parameter x, since the ample information avaiLable from the rare

earth compounds indicates that as the doping parameter increases, so does

the critical temperature T . This, in turn, implies that using our

formulae (24b) and (31b) we may infer that in the two-layer compound

increments in the doping parameter will induce less pronounced increments

in T than in the N-layer compunds, where H = 3,4,...
— ~ - c • .
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