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Results are presented of an investigation of the electrical and magnetic properties of specimens of 
various compositions belonging to the R-Ba-Cu-0, Bi-Sr-Ca-Cu-0 and T1-Ba-Ca-Cu-0 
systems (where R are rare earth elements or yttrium). On lowering the temperature below 180 K 
the temperature dependences of the electrical resistancep( T) and of the magnetic susceptibility 
X(  T) are found to change in most of the superconducting ( Tc > 80 K) ,  practically single-phase, 
specimens. It is shown that along with thermodynamic fluctuations, a significant contribution to 
p ( T) andx( T) may come from impurity phases with values of Tc higher than those of the main 
phase. Their presence is confirmed by both x-ray data and measurement of the magnetic and 
electrical properties. Thus, for example, in some of the multiphase samples there are in thep ( T) 
dependence reproducible smoothened steps which extend up to 160 K. It is found that for each 
system the increase in T, is accompanied by a decrease in the mean normalized distance between 
the layers H. An extrapolation of the Tc ( E )  dependences for systems with Bi and T1 shows that 
values of Tc = 140-150 K can be attained for H = 0.95. A crystallochemical analysis shows that 
superconducting phases with H < 0.95 should be unstable under normal conditions. However, it is 
very probable that they may be present in the form ofimpurity phases in doped and multiphase 
specimens. 

1. INTRODUCTION 

Intense investigations of metal-oxide compounds, sti- 
mulated by the discovery of high-temperature superconduc- 
tivity in the system La-Ba-Cu-0 (Ref. 1 ), led to the discov- 
ery of new superconducting phases with appreciably higher 
critical temperatures Tc in the systems: R-Ba-Cu-0 ( R  is 
yttrium or all rare earth elements except Pm) (Refs. 2-4), 
Bi-Sr-Ca-Cu-0 (Refs. 5-7) and T1-Ba-Cu-0 (Refs. 8- 
10). 

All the superconducting phases with Tc >40 K have 
quasilayer perovskite-like structures, the genesis and the 
possible systemization of which is discussed by Alekseevskii 
et al." and Santoro et a/.'' The highest values Tc = 120- 
130 K (Refs. 13,141, and according to reports T, =: 160 K 
(Ref. 15 ), are reached in multicomponent compounds of 
complicated structure, characterized by large values of the 
parameter c of the elementary cell. 

It seemed to be of interest to elucidate how the compli- 
cating of the structure of superconducting perovskite-like 
phases is reflected in the change in other characteristics of 
the compounds, and in particular in their electrical and mag- 
netic properties. 

We give in the present work results of measuring the 
temperature dependences of the electrical resistivity p (T) ,  
of the upper critical field Bc2 ( T), of the magnetic suscepti- 
bility X(  T), of the magnetic moment M(B),  and of the tun- 
neling current-voltage characteristics of a number of poly- 
crystalline specimens of the systems R-Ba-Cu-0, Bi-Sr- 
Ca-Cu-0, and T1-Ba-Ca-Cu-0. 

2. SYNTHESIS AND PHASE COMPOSITION OF THE 
SPECIMENS 

example, by Bednorz and Miiller,' Wu et al.,' and LePage et 
aL4 It was usual to choose as initial reagents the oxides R203, 
Bi20,, Tl,03, CaO, SrO, BaO,, and CuO. A two-stage pro- 
cess was sometimes used in the preparation of specimens 
with thallium: to start with, oxides of Ca, Ba, and Cu were 
sintered and the product obtained was then milled, thallium 
or its oxide was added to it, after which the mixture was 
carefully ground in an agate mortar and made ready for the 
synthesis. In the majority of cases the synthesis of specimens 
was carried out in alundum crucibles. The synthesis tem- 
perature was chosen, depending on the composition of the 
specimens, within the limits from 1000-1450 K, while the 
time for synthesis varied from several minutes (for speci- 
mens of the thallium system) to several hundred hours (as, 
for example, in obtaining specimens of CeBa2Cu306 + , , 
when many intermediate grindings were required). Synthe- 
sis and subsequent annealing of specimens was carried out 
both in air and in an oxygen stream. 

The phase composition of the specimens was analyzed 
by comparing the x-ray powder diffraction pictures obtained 
(DRON-2.0; Cu-K, radiation, graphite monochromator) 
with data in the ASTM card index and publications avail- 
ab1e.7,10,13.'4 It follows from the x-ray data that the speci- 

mens of composition RBa2Cu306 + , ( R  = Y, Nd, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) with T, = 92-95 K, 
obtained after repeated grindings and subsequent heating in 
an oxygen stream, consist mainly of ortho I phase. Examina- 
tion under an electron microscope of some of these speci- 
mens showed that they are fairly uniform. In spite of all the 
efforts made, an appreciable amount of impurity phases are 
present in superconducting specimens containing Ce, while 
the width of the superconductinn transition curve AT- for 

All the specimens studied were synthesized by the them is 10-20 K ( < was determined from the change i i  the 
method of solid phase reaction, similar to that explained, for electrical resistance in the range from 0.1 to 0.9pn, wherep, 
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is the resistance of the specimen in the normal state near T, ) . 
A high-pressure chamber of the "torroid" type was used to 
obtain some specimens. Simultaneous action of high pres- 
sure (up to 80 kbar) and temperature (up to 600 K )  enables 
compact specimens to be obtained in which there are practi- 
cally no pores. 

The superconducting phases in the system Bi-Sr-Ca- 
Cu-0 identified by us can be divided into three groups: 

1)  ~ ~ 3 . 8 3  A, 6 ~ 3 . 8 8  A, and c = 11.6 A; 
2)  a z b z 3 . 8 2  A and c = 30.5 A; 
3) a ~ b ~ 3 . 8  A and c = 36.8 A. 
The diffraction pictures of specimens of the first group 

with T, ~ 9 0  K are similar to those observed for specimens 
of the composition RBa2Cu306 + , in the case of the ortho- 
rhombic phase. Phase 2 is identical with the phase described 
by Hazen et al.' of composition Bi2Sr2CaCu208 + , with 
Tc = 85-90 K. Phase 3 of composition Bi2Sr2Ca2Cu,010 + , 
corresponds to specimens in which the superconducting 
transition starts at 110-120 K. In addition, phases are ob- 
tained in this system with parameters a=: b z 3.8 A; c = 9.46, 
24.5,28.6,34.5, and 39.3 A which do not show superconduc- 
tivity down to 4.2 K. 

In the system T1-Ba-Ca-Cu-0 the superconducting 
phases with T, > 100 K are characterized by the following 
parameters: 

1) T1Ba2Ca2Cu30, +, (a  = 3.85 A, c = 15.88 A, 
Tc = 123 K) ,  

2)  T1Ba2Ca3Cu,010+, (a  = 3.83 A, c = 19.23 A, 
Tc = 120 K) ,  

3) T12Ba2CaCu20,+, (a  = 3.83 A, c = 29.5 A, 
Tc = 100-115 K),  

4) Tl2Ba2Ca2Cu3Ol0+, (a  = 3.84 A, c = 35.6 A, 
T, = 115-125 K) .  
The parameters of the pseudotetragonal cell of all the phases 
agree well with published data. 10.'3.'4 

Superconducting specimens of the system T1-Ba-Cu-0 
with T, z 90 K consist mainly of a phase witho cell param- 
eters a = 3.84 A, b = 3.86 b;, and c = 11.57 A (Ref. 16). 
Attempts to replace Ba by Be led to the formation in the 
system T1-Ba-Be-Cu-0 of a phase with parameters 
a = 3.87A, andc = 23.24A ( ~ e f .  16), whichdidnot gointo 
the superconducting state down to 4.2 K. 

Analysis of the diffraction pictures of some multiphase 
specimens with Bi and T1 shows that other phases besides 
those enumerated above can be present, for example a phase 
with cell parameters a = 3.80 A and c = 43.2 b;, the as- 
sumed composition of which corresponds to the formula 
T12Ba2Ca3Cu4012 + 8 ' 

3. TEMPERATURE DEPENDENCES OF THE ELECTRICAL 
RESISTIVITY AND OFTHE UPPER CRITICAL FIELD 

The electrical resistance p ( T )  of the specimens was 
measured by the usual four-contact method. In order to re- 
duce the surface resistance at the position where a contact 
was placed, indium or an indium-gallium eutectic was 
rubbed into the specimen. The temperature dependence of 
the upper critical field B,, (T)  was determined from resis- 
tance curves of the superconducting transition 
p ( T) I = , obtained for fixed values of the magnetic field 
B. An appreciable fraction of the measurements of Bc2 ( T) 
and also of the magnetic moment of the specimens M(B) 
was carried out in fields up to 14 Tat  the International Labo- 

ratory of High Magnetic Fields and Low Temperatures 
( Wroclaw, Poland). 

Typical temperature dependences p (  T )  of polycrystal- 
line specimens are shown in Fig. 1 for three different sys- 
tems: R-Ba-Cu-0, Bi-Sr-Ca-Cu-0, and T1-Ba-Ca-Cu- . 

0. Specimens of composition RBa2Cu306., (apart from 
R = Ce) differ from specimens of the other systems in the 
narrower superconducting transition curves (AT, (2 K )  
and their broadening in high magnetic fields is appreciably 
less, which can be regarded as evidence of much higher or- 
dering and homogeneity of the specimens. This, in particu- 
lar, is confirmed by the results of studies by x-ray diffraction 
and electron microscopy. 

On lowering the temperature from T = 300 K, p ( T) 
decreases practically linearly for the majority of the speci- 
mens studied (within the limits of accuracy of the measure- 
ments, 0.5%) over a fairly wide temperature range. Extra- 
polation of the linear sections is shown in Fig. 1. by dashed 
lines. By comparison with specimens of five-component sys- 
tems with Bi and TI, the linear sections in the p( T) depen- 
dences for specimens of composition RBa2Cu306,, are more 
extensive. Noticeable deviations from linearity are usually 
observed at 60-100 K before the superconducting transi- 
tion. 

The high value of the derivative ap/dT in the normal 
state and the great spread of the transition curves in a mag- 
netic field for specimens with Bi and T1 lead to serious diffi- 
culties in determining the values of Bc2 ( T) by using the stan- 
dard criteria, for example from the center of the transition 
curves (or at the 0 . 5 ~ ~  level). On the one hand this is asso- 
ciated with some indeterminacy in the choice of the value 
p, 1, =, on thep(T) dependence, while on the other hand it 
is not always possible to trace the way in whichp, ( T,B) will 
change at temperatures appreciably below T,, since an ex- 
ceptionally high magnetic field would be required for this. 

Recognizing that for practically all single-phase speci- 
mens of RBa2Cu306,, at temperatures 5-10 K above 
the start of the superconducting transition, the magneto- 
resistance in fields <20 T does not exceed 1 % (Ref. 17), it is 
reasonable to choose for the value ofp, 1, = , that minimum 
value ofp( T,B) where thep( T,B) 1. = ,, . dependences start 
to deviate in ordinate by more than 1 %. A similar determin- 
ation ofp, can also be extended, as follows from the results 
obtained, to specimens of the five-component systems with 
Bi and T1. The levels 0.1, 0.5, and 0.9 p,, on the transition 
curves p (  T,B) I = can evidently be determined most 
definitely by taking account of the p ( T) curve in the linear 
section." For this it is sufficient to draw the straight lines 
which start at the point of intersection of the extrapolation of 
the linear section of p ( T) (dashed lines in Fig. 1 ) with the 
abscissa axis and would go through the corresponding values 
of O.l,0.5, and 0 . 9 ~ ~  (dashed-dot section in Fig. 1 ). Using 
these straight lines, it is possible to determine the values of 
B,, ( T )  corresponding, for example, to the criteria 0.5 
and 0.9 p, (Fig. 2).  It follows from a comparison of 
the results obtained that the maximum values of the de- 
rivatives laB,, /dT I ,,," = 7-9 T/K and [dB,, /dT I ,,," 
= 3.1-3.5 T/K, determined according to the criteria 0.9 

and 0.5pn, observed for the most homogeneous specimens of 
RBa2Cu306,, . For specimens with Bi the maximum values 
of the derivatives at the 0.9 and 0 . 5 ~ ~  levels are 6-7 T/K and 
2-2.5 T/K, and for specimens with TI they are respectively 
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FIG. 1 .  Temperature dependences of the reduced 
electrical resistance of the specimens a)  
ErBa2Cu,0,,, b )  Bi,Sr2CaCu,0,+,, and c )  
T12Ba,Ca2Cu,0,, + , , obtained at several values of 
the magnetic field B = 0 , 2 ,  3 , 4 , 6 , 8 ,  and 12 T .  The 
dashed straight lines are extrapolations of the lin- 
ear sections of the p ( T )  dependences from the re- 
gion 180 < T <  300 K (other details are given in the 
text). 

4-5 T/K and 1.5- 1.8 T/K. 
The values of the derivatives ldBc2 /aT I for specimens 

with Bi and T1 correspond roughly with the results of mea- 
surements of Bc2 ( T) for specimens with the 1-2-3 structure 
with approximately the same superconducting transition 
width AT = 5-10 K (in the absence of a field). It is not 
impossible that with improvement in the technology of syn- 
thesis it would be possible to obtain specimens of the bis- 

FIG. 2. Temperature dependences of the upper critical field B,, ( T )  deter- 
mined from the 0 . 5 ~ "  criterion (curves 1 ,  1 ' )  and 0 . 9 ~ "  (curves 2 , 2 ' )  for 
specimens: a)  Bi2Sr2CaCu20, + ,, b )  T1,Ba,Ca2Cu,O,, + ,, (curves 1  and 
2  correspond to the initial specimen, while 1' and 2' have undergone an 
additional anneal at T=: 1000 K. 

muth and thallium systems with appreciably narrower su- 
perconducting transition curves, but this would probably 
also lead to a noticeable increase in the curvatures of the 
B, ( T) dependences. Preliminary investigations which we 
carried out of the influence of annealing on the B,, (T)  de- 
pendence showed that no appreciable change in AT, and in 
the derivatives dB,, /dT takes place, although T, can then 
grow somewhat. 

The open symbols in Fig. 2b show B,, ( T) dependences 
for a specimen 0fT1~Ba~Ca~Cu,0,,  + , which underwent ad- 
ditional annealing at T=: 1000 K for 8 h. It follows from the 
results obtained that even for the most homogeneous speci- 
mens of RBa,Cu,O,,, with AT, < 1 K the difference in the 
slope of the B,, ( T) dependences, determined from the crite- 
ria0.9 and 0.5p,, is several times greater than is observed for 
traditional superconductors, for example with the A- 15 or 
Chevrel phase  structure^.'^ As well as inhomogeneity, an 
anisotropy in B,, ( T) may lead to such a large difference in 
the derivatives ldBC2 /aT I ,,," and laBc2 /dT I Since 
specimens of all three systems have a quasilayer structure, 
the anisotropy of the upper critical field can be estimated 
from the magnitude of the spread of the superconducting 
transition cu re s  for directions perpendicular and parallel to 
the c axis: 
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This relation1) does not agree too badly with similar esti- 
mates (-6), obtained on the basis of measurements of 
Bc2 (TI on single crystals of YBa2Cu306 + , (Ref. 20). If 
we use the relation Bc2 ( T-0) z0.7Tc laBc2 /aT I, which is 
valid, for example, for sulfides of molybdenum with lead, 
which have record values of Bc2 ( T- 0)  among traditional 
superconductors,'' then in this case we obtain for the 
compounds RBa2Cu306, the values Bc2, ( T- 0)  = 450- 
600 T and Bc211 ( T-0) = 70-100 T and for specimens 
with Bi and T1 (Fig. 2) Bc2, (T+O) = 400-500 T and 
BCzII (T-0) = 50-80 T. Estimates of the anisotropic values 
of the coherence length give for specimens of all three sys- 
tems: 5- 1 1  (0)  = 2.5-3.5 A and cL (0)  = 18-24 A. It should be 
noted that the values of Jl l  (0) are somewhat smaller than 
the distance between the Cu-0 planes and are approximate- 
ly equal to the mean distance between the current carriers in 
these systems at their concentration n, = 2X cmP3 
(Ref. 22). 

As has already been discussed earlier," the linear in- 
crease in p ( T) with increasing Tin specimens of the compo- 
sition RBa2Cu306, may be associated with the existence in 
their phonon spectrum of local modes of the Einstein type 
with characteristic energy - 500 K. However, in that case 
the question arises of the possible reasons for the departure 
ofp( T) from linearity at an appreciable distance from Tc . 

In principle, the non-linearity in thep( T) dependences 
discussed can be produced by: 

fluctuation e f f e~ t s ; ' ~ -~~  
impurity phases with higher Tc; 
inhomogeneities in composition within the confines of a 

single phase; 
the influence of twins, near which a local increase in T, 

is possible.26 
In traditional compounds with three-dimensional su- 

perconductivity (for example, A- 15) the relative contribu- 
tion of fluctuational carrier pairing to the conductivity even 
at a small distance ( < 5 K )  from Tc is extremely small and 
usually does not exceed hundredths of one percent. How- 
ever, it can grow strongly in high temperature superconduc- 
tors, characterized by a small coherence length and small 
conductivity a, = p; ', typical values of which for polycrys- 
talline specimens lie in the range 200-2000 (R  cm) -'. 

As calculations have shown,23 the contribution of fluc- 
tuational pairing to the conductivity above Tc for two- and 
three-dimensional systems should be characterized by pow- 
er dependences of the form: 

eZ T-T,  -' 
Ao?Dc~)=,,(,-) 1 

where d is a characteristic dimension of a two-dimensional 
system and {(O) is the coherence length for T+O. 

If the departure from linearity of the p ( T )  depen- 
dences below 200 K (Fig. 1) is ascribed to some extra 
conductivity Aa(T), then it is easy in this case to derive its 
change with temperature. In Fig. 3 is shown the relative 
change of the extra conductivity Au/oR obtained in this 
way as a function of the normalized difference ( T - T, )/T, 
for two specimens: ErBa2Cu306., ( T, = 91.7 K, AT, 

= 1.5 K, uR = 5X 10' (a cm)-I, P293 K/pn = 2.06) and 
T12Ba2Ca2Cu3010 + ( Tc = 116 K, AT, = 10 K, uR 
= 2.5 X lo2 (a cm)-',p,,, ,/p, = 2.93), where T, corre- 

sponds to the level 0.5p,, and uR = p,: , . Even though the 
specimens have fairly different AT,, the dependences of Aa 
in the temperature range ( T - Tc ) < 10 K are well approxi- 
mated by power laws with exponent - 4 (straight lines 1 
and 2),  which can be taken as an indication of the three- 
dimensional character of the superconductivity in these 
systems near T,. Similar results were obtained earlier for 
specimens of YBa2Cu30, + , . (Ref. 27) The values of the 
coherence length calculated from Eq. (2), equal to 14 and 28 
A for specimens with T1 and Er respectively, are in reasona- 
ble agreement with the values (0)  = 18-24 A estimated 
from Bc211 (T-0) for a direction along the Cu-0 layers, 
where the conductivity is a maximum. However, it should be 
noted that the values of l ( 0 )  calculated from Eq. (2) for 
polycrystalline specimens can be raised severalfold by perco- 
lation effects, in that u < o; and Au < Aul . 

It can be seen from Fig. 3 that for both specimens at 
T >  1.1 T, a greater curvature is observed in the decrease of 
Au compared with theory.23 The following may be the rea- 
sons for such a divergence. 

Firstly, Eqs. (1) and (2)  were obtained on the basis of 
the Ginzburg-Landau theory which, strictly speaking, is ap- 
plicable only near Tc. Far from T, the dominant contribu- 
tion to Au(T) in compounds with small {(O) must come 
from short-wavelength fluctuations, for the description of 
which serious difficulties arise in the GL theory. Attempts2' 
to modify the theory23 by artificially cutting off the contribu- 
tin of short-wavelength fluctuatonal pairing far from Tc, 
nevertheless does not lead to satisfactory agreement with 
experimental results for T > 1.2 T, . 

Secondly, in the compounds considered, characterized 
by a quasilayer structure, the increase in the slope of the Au 
dependences for T >  1.2 T, could be associated with a 
change in the dimensionality of the system (30-20 cross- 
over). As has been shown recently,29 the general expression 

FIG. 3. The change in the normalized excess conductivity Au/u, as a 
function of the relative temperature ( T -  T, )/T, for specimens 
T12Ba2Ca2Cu,01, + , ( A )  and ErBa,Cu,O, , (O,@) in the absence of a 
field (0) and in a field of 12 T (a). The straight lines 1 and 2 correspond 
to a power law Aacc ( T -  T, )-'I2, the dashed line to the relation 
Ago: ( T -  T,)-I. 
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for the fluctuational paraconductivity AgLs ( T,B) of 
layered superconductors in a magnetic field B, can be writ- 
ten in the form 

AoLs ( T ,  B)=AoaL ( T ,  B)+AoMT ( T t  B ,  3 (3)  

where 

is the Aslamazov-Larkin fluctuational paraconductivity; 

is the Maki-Thompson paraconductivity, due to the interac- 
tion of unpaired current carriers with fluctuational Cooper 
pairs24,25 

T - T ,  
T=-. 6 = - 1 - - - - .  16 5 "0) k k g ~ ~  

Tc ' at dLZ +i ' 

rP is the characteristic time for destruction of the phase of 
the order parameter, k, is Boltzmann's constant, gli (0)  and 
gl (0) are the values of the coherence length for directions 
parallel and perpendicular to the c axis, and d, is the dis- 
tance between the layers. 

Analysis of Eqs. (4)  and ( 5 ) shows that over the whole 
temperature range from 1.005 T, to 1.5 Tc (for r < 5 X lop3 
the theory of Ref. 29 is inapplicable due to the divergence of 
the expressions for Au) haMT ( T,B = 0)  changes apprecia- 
bly more slowly with temperature than AoAL ( T,B = 0).  

Since the experimental results for T < 1.15 Tc are well 
described by Eq. (4),  which in this temperature region is 
.practically equivalent to Eq. (2),  it can be concluded that 
near Tc the interaction of unpaired carriers with Cooper 
pairs should not have an appreciable influence on 
haLs ( T,B = 0)  in the present systems. A similar situation is 
also typical of traditional systems.30 

On the other hand, estimates of the relative con- 
tribution of Au,, (T,B = 0)  and Au,, ( T,B = 0)  from 
Eqs. (4)  and (5) show that if, for example, for a specimen 
with Er one puts .ill (0) = 3 A, dL = 12 A, r, zWA(O) 
fi/2kB Tc, then for r = lo-', 5 X lo-*, and lo-' we obtain 
AuAL (T,B = O)/Au,, (T,B = 0)  = 3.5, 1.6, and 1.3, re- 
spectively. It is possible that such a divergence is an in- 
dication of the appreciable role of scattering mechanisms 
for Cooper pairs in the systems studied, leading to their 
breakup and, correspondingly to lowering Tc compared 
with T, of an idealized system. As follows from an 
e~tirnate,~ ' T, z 2Tc and, consequently, A,z 2kB T, 
z4k,  Tc. On substituting this value of A,, into Eq. (5)  the 
ratio LoAL (T,B = O)/AuMT (T,B = 0)  is roughly doubled, 
which can be fully reconciled with the experimental results. 

Approximating the experimental values of 
Au(T,B = 0)  by two straight lines corresonding to expo- 

nents - 4  and - 1, gives points of intersection at r = 0.13 
and 0.2 for specimens with T1 and Er, respectively. Accord- 
ing to Hikami and Larkin29 the critical value of r,, at which 
the 30-20 crossover occurs is determined by the relation 

Substituting the values dL zcz 12 A and rcD ~ 0 . 2  into Eq. 
(6)  for a specimen with Er and dL z c / 2 z  18 A and 
rcD ~ 0 . 1 3  for a specimen with T1, we obtain gII (0)  = 2.7 A 
and 3.3 A, which agree well with estimates of gll ( 0 )  = 2.5- 
3.5 A obtained from the analysis of results of measuring 
Bc2 ( T) . In determining d, for the T12Ba2Ca2Cu,0,, + , 
specimen it was borne in mind that its elementary cell con- 
sists of two identical subcells (each with three C-0 layers), 
shifted relative to one another by half the length of the tran- 
sitional vector in the [ 1 101 direction. 

It can be seen from Fig. 1 that a fairly high magnetic 
field B = 12 T has practically no effect on the behavior of 
p ( T )  for T >  1.15 Tc (at least within the limits of 0.5%). 
This result agrees with precise measurements of magneto- 
resistance above Tc for YBa2Cu30, + ,  specimen^.^' The in- 
fluence of a magnetic field is, essentially, in accord with the 
broadening of the transition and its downward shift along 
the temperature scale. The dark circles in Fig. 3 show the 
change in Aa ( T,B = 12 T )  determined from the departure 
from a linear extrapolation for a specimen with Er as a func- 
tion of the difference T/Tc - 1, where Tc corresponds to the 
level 0 . 5 ~ "  on the p(T,B = 12 T )  curve. The values of 
Au(T,B = 12 T )  obtained in this way in the range 1.05 Tc to 
1.5 Tc are well approximated by a dependence of the form of 
Eq. ( 1 ), corresponding to the three dimensional case. Com- 
parison of the Au(T,B = 0) and Aa(T,B = 12 T )  depen- 
dences shows that under the action of a magnetic field an 
appreciable reduction of the temperature region takes place 
in which the behavior of the paraconductivity corresponds 
to the three-dimensional case. This is evidently associated 
with the fact that a magnetic field reduces the interaction 
between the layers, and as a result, leads to the suppression 
of long-wavelength fluctuations which make the major con- 
tribution to the paraconductivity near Tc. In principle, the 
influence of a magnetic field on Aa could be analyzed in 
more detail on the basis of Eqs. (4 )  and (5) ,  but in this case 
more precise results obtained with single crystals are essen- 
tial. 

It follows from what has been said above that the depar- 
ture from linearity of the p ( T) dependence for T < 1.5 Tc in 
polycrystalline specimens can be satisfactorily explained 
within the framework of the theory of fluctuational super- 
conductivity for layer s y s t e m ~ . ~ ~  However, the present state 
of the theory does not provide a unique answer to the ques- 
tion of the reasons for a strong reduction in the paraconduc- 
tivity at T >  1.5 Tc, which has been noted by other au- 
t h o r ~ . ~ ' , ~ ~  It is evidently essential to consider the possibility 
of an additive contribution to Au with a sharp fall-off for 
T >  1.5 T,, as relevant to the present systems, for example 
from impurity phases with a critical temperature Tc, higher 
than that of the basic phase. Evidence of the existence of 
such phases comes, in particular, from singularities in the 
temperature dependences of the electrical resistance R (T) 
for T <  160 K observed on some specimens of the bismuth 
and thallium systems. ' 
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One such dependence is shown in Fig. 4 for a specimen 
with stoichiometric composition T1BaCa3Cu30, + , . It can 
be seen that the step at 123 K agrees to within 1 K with the 
superconducting transition (curve 2) of a specimen con- 
sisting mainly of the phase T1Ba2Ca2Cu308 + , with cell 
parameters a = 3.847 A and c = 15.88 A. It can be assumed 
that the peculiarities at 134 and 160 K are associated with 
superconducting transitions of phases with a more com- 
plicated structure. X-ray results, in particular, indicate that 
they are present in non-single-phase specimens. For 
example, in the T1-Ba-Ca-Cu-0 system a phase is found 
with cell parameters a = 3.80 A and c = 43.2 A, the conjec- 
tural composition of which corresponds to the formula 
T12Ba2Ca3Cu40,2 + , . 

It is possible that phases with still more complicated 
structure (and a large number of Cu-0 layers per cell) occur 
in specimens in such negligible amounts ( < 2%) that they 
cannot be observed by x-ray methods. As has been shown by 
analysis of diffraction pictures of specimens of different 
phase composition, complication of the structure of perovs- 
kite-like phases, due mainly to an increase in the number of 
neighboring Cu-0 layers, is accompanied by a growth in the 
number of T1 or Bi vacancies in the T1-0 or Bi-0 layers 
dividing them, which must lead to a reduction in the proba- 
bility of their formation, which means also in their relative 
concentration in multiphase specimens. 

The question of a possible influence of inhomogeneity 
and twinning on the behavior of Au( T) in the systems con- 
sidered is, at present, very unclear. I t  can only be suggested 
that such an influence should be most appreciable near Tc. 

Since thermodynamic fluctuations and impurity phases 
with higher values of Tc than the main phases should lead to 
an excess diamagnetism it would be interesting to bear this in 
mind when studying the magnetic properties of perovskite- 
like systems. 

up to 14 T) ,  and with the help of a sensitive fluxmeter in 
pulsed fields up to 45 T. Curves of the magnetic moment 
M(B)  at 4.2 K are shown in Fig. 5 for specimens of 
YBa2Cu306,, , Bi,Sr2CaCu208 + , and T12Ba2Ca2Cu30,, + , 
(curves 1, 2 and 3 respectively), measured with a vibration 
magnetometer. An increase in the rate of sweeping the field 
led in a number of cases to the appearance of teeth on the 
M(B)  curves, similar to those usually found for jumps of 
magnetic f l ~ ~ . ~ ~ , ~ ~  It follows from the results obtained that 
for the most homogeneous specimens of RBa2Cu30,, the 
absolute values IM(B) I at low temperatures ( T <  Tc ) and 
low fields (B < 1 T )  are 2-4 times larger than for specimens 
with Bi and T1. It is by about this amount that the values of 
the frozen-in moment M (B  = 0 )  on turning off the external 
field B, also differ. The M(B) curves for T <  Tc for speci- 
mens of all three systems have the form characteristic for 
type I1 superconductors with large Ginzburg-Landau pa- 
rameters tt = 50-200 and with appreciable hysteresis, at any 
rate up to fields of 25-30 T. Measurements in pulsed fields 
for B > 30 T were complicated because of flux jumps and a 
sharp reduction in the signal/noise ratio. 

If it is assumed that the superconducting transport cur- 
rent density Jc in the specimens is many times less than the 
critical current density Jci in individual crystals, the mean 
dimensions of which are usually - 10 pm, then we obtain 
from the M(B) curves at 4.2 K an order of magnitude for 
Jci = lo5-lo6 A/cm2, which agrees with estimates of Jc, for 
single crystals.20 The steeper fall in Jc, (B) for B < 5 T in 
specimens of the bismuth and thallium systems can be re- 
garded as evidence of their smaller homogeneity compared 
with RBa2Cu3O6,, .34 

Investigation of flux creep was carried out both on a 
Kahn balance and with a sensitive magnetic field probe. In 
the first case the field was raised to its maximum value at 
fixed temperature, after which it was lowered smoothly (to 
prevent flux jumps) to the required value and held at a stable 
level for the whole time of the measurements. It can be seen 
from Fig. 6 that except for the initial section ( t  < 200 s ) ,  the 
reduced moment M(t) /M( 1) for specimens of all three sys- 
tems decreased with time as log t. The deviation of M ( t )  
from a logarithmic law for t < 200 s is evidently associated 

4. MAGNETIC PROPERT lES 

Measurements of the magnetic characteristics of the 
specimens were carried out on a Kahn balance (in fields up 
to 0.43 T) ,  on vibration and string magnetometers (in fields 

FIG. 5. The change of magnetic moment M ( B )  with field B  for specimens 
1) YBa2Cu30,,, 2) B~ ,S~ ,C~CU,O, ,~ ,  and 3 )  T1,Ba,Ca,Cu,OI,+, at 
T = 4.2 K. 

FIG. 4. Temperature dependences of the electrical resistance of specimens 
1 ) T1BaCa3Cu30, + , and 2) T1Ba2Ca2Cu,O, + 6 .  
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FIG. 6. The change in the reduced magnetic mo- 
ment with time for specimens 1) YBa2Cu,06 ,, 2) 
Bi2Sr2CaCu20, + a ,  and 3 )  T12Ba2Ca2Cu,0,, + a at 
4.2 K and B = 2 . 1 4 ~  loa2 T. 

1 2 Y 10 2 Y ,a2 2 Y ,o3 2 Y I O " ~ , S  

with relatively slow relaxation processes which bring the su- 
perconducting system (mainly the vortex lattice) into the 
thermodynamic equilibrium critical state36 after fixing the 
external magnetic field. It should be noted that in the case of 
the molybednum ~ h a l c o ~ e n i d e s ~ ~ . ~ '  the M(t )  dependences 
becomes logarithmic after an appreciably shorter time inter- 
val ( - 20 s) .  A study of flux creep using magnetic probes, 
when the external magnetic field was completely removed 
(B-0), did not reveal any appreciable differences in the 
behavior of M(t )  compared with the similar dependences, 
found in a field B = 21.4 mT (Fig. 6 ) .  On the basis of the 
M(B) and M(t)  dependences obtained, the mean distance 
between the pinning centers and the effective inertial mass 
of a vortex can be estimated, in a similar way to that used 
by ~lekseevskii et and by Mitir~,~' with the difference, 
however, that for quasilayered superconductors it is 
necessary to take account of the anisotropy in the effective 
masses of the current carriers and of the correlation length 
(mT/m?al: / l f  1. 

The temperature dependence of the magnetic suscepti- 
bility ~ ( t )  for one of the specimens of the bismuth system, 
obtained in a field of 0.428 T is shown in Fig. 7a. The value of 
T, determined at the 0 . 5 ~ "  level in the given field is shown 
by the dashed line. The dash-dot line corresponds to a 
straight line inx-' and Tcoordinates. The change in charac- 
ter of the X- ' ( T) and x ( T) dependences for T < 150 K can 
be interpreted as a manifestation of additional diamagnetism 
AX ( T )  . As in the case of the excess conductivity Au( T), the 
change in the reduced excess diamagnetism I Ax/yR 1, if AX 
is defined as the difference between the values of x ( T )  at 
T <  160 K and the extrapolation of the x ( T )  dependence 
from high temperatures (dashed line), is well described near 
T, (Fig. 7b) by a step function of the difference ( T  - Tc ) 
with an exponent a = - 1/2 (x, is the value of the magnet- 
ic susceptibility at T = 293 K )  . Such a dependence is close to 
that which is given by calculations of AxII (T)  for quasi- 
layered superconductors near T, (Ref. 38) for a field orien- 
tation perpendicular to the layers, i.e., B parallel to the c 
axis: 

7Tk T ' 'I' dLZT - ' / 2  

A X ~ ( T ) = - + ( )  m, [ I  4b2 ( T )  , (7) 

where @, = hc/2e is the flux quantum. Substituting into Eq. 
(7)  T =  89.5 K, r = 0.05, l1 (0) = 24 A, gl l  (0) 
= g,, ( T ) T ' / ~  = 3 A, (m~/ml*)' '2 = lI (O)/glI (0)  = 8. dL 

= c / 2 z  15 b;, we obtain: AxII (T)  = - 1.2. cm3/g, 
which is 1.7 times smaller in absolute value than the experi- 
mental AX( T) at the same temperature. If we take it into 
account that the measurements were carried out on poly- 
crystals, while /AxL ( T )  1 4 1 Axll (T)  I (Ref. 38),  then this 
deviation should be even greater. 

The departure of Ax(T) from (7 )  starts roughly at the 
same values of rC as the cross-over on the Ao ( T; B = 0.5 T )  
dependence for the given specimen. The great drop in I Ax1 at 
T>  1.4Tc can be explained, as was done in the analysis of the 

FIG. 7, a )  Temperature dependences of the magnetic susceptibility X(  7') 
and of the normalized excess diamagnetism I Ax/x, I, measured in a field 
B = 0.428 T for a specimen of Bi,Sr2CaCu20, + ,; b) the X(  T )  depen- 
dence for a specimen of YBa2Cu,06, for two values of magnetic field: 
B = 0.428 and 0.0428 T (curves 1 and 2, respectively). 
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Aa( T) dependence, by the presence of an additive contribu- 
tion from impurity phases. The existence of such a contribu- 
tion is evidently also a reason for raising the values of the 
excess diamagnetism Ax(T) compared with the estimates of 
Axli ( T) from Eq. ( 7 ) .  

Specimens of the RBa2Cu,0, +, system have, in gen- 
eral, more curved X (  T )  dependences near Tc than speci- 
mens of five-component systems. Figure 7b shows X(  T) de- 
pendences for a specimen of YBa2Cu30,,, , measured with a 
Kahn balance for two values of magnetic field B = 428 mT 
and 42.8 mT (curves 1 and 2 respectively). It is noteworthy 
that with a reduction in the applied field the diamagnetism of 
a specimen is preserved to an appreciably higher tempera- 
ture, exceeding Tc (determined at the 0.5 p, level) by al- 
most 10 K. Such a strong influence of the magnetic field on 
the diamagnetic response of a specimen, bearing in mind the 
large values of ldBc2/dT 1, is rather unexpected and can 
hardly be explained just by fluctuational superconductivi- 
ty,23,39 for example, especially if we take into account the 
practically complete absence of the influence of a magnetic 
field B = 12 T on the non-linear section of p (  T) above Tc , 
which was used to establish Au(T). The most plausible ex- 
planation must evidently be based on the assumption of the 
existence in the specimen of superconducting loops with Jo- 
sephson-type weak links. Such loops could, for example, be 
formed by impurities of superconducting phases with higher 
Tc . 

The shift upwards in temperature of the diamagnetic 
response on reducing B is also observed in specimens with Bi 
and T1. However, the magnitude of this shift is in general 
appreciably less and amounts to only 2-4 K, which is possi- 
bly associated with their smaller uniformity, when even a 
small field of 0.43 T can almost completely destroy the su- 
perconducting currents in impurity phase loops, and corre- 
spondingly weaken the diamagnetic response. A similar situ- 
ation is, for example, a characteristic of the transport 
current dependences Jc (B) for polycrystalline specimens, 
when the contact between the crystallites is relatively weak 
(Josephson type). A sharper fall in Jc (B) is observed in less 

uniform specimens with smaller values of Jc (B-0) (Fig. 
8 1. 

5. CURRENT-VOLTAGE CHARACTERISTICS 

Studies of the current-voltage characteristics (CVC) of 
tunneling junctions of the superconducting-normal metal 
type for perovskite-like superconducting (Tc > 35 K )  
phases of various compositions were carried out in the tem- 
perature range from 4.2 to 200 K. If the differential resis- 
tance dU/dI  of such junctions is sufficiently high ( > 30 a), 
an increase in the derivative d I /dU  is observed in the I( U) 
dependences in the range from 8 to 30 mV, while the CVC 
themselves are similar for all the specimens studied. The 
nonlinearity of the CVC is manifested more clearly if the 
ohmic constituent is calculated from the dependences ob- 
tained. 

The CVC constructed in this way for one of the speci- 
mens of composition T1,Ba2CaCu20, + , are shown in Fig. 9 
at three values of the temperature: T = 4.2 K, 3 1 K and 120 
K. Unlike the CVC of specimens with the K2NiF, and 1-2-3 
structures, studied earlier,I8 the dependences (for T <  Jc ) 
are shown in Fig. 9, the singularities for U< 3 mV, which 
could be produced by superconducting short circuits and 
have practically disappeared in a field of 8 T, are absent. 
Estimates of the superconducting energy gap A from the 
CVC obtained for T( Tc show that for all the perovskite-like 
phases investigated the relation 2A/k, T, = 3.5-4.5 holds. 

The magnitude of the energy gap A determined from 
the CVC in sufficiently uniform and single-phase specimens 
is practically independent of the location of the junctions. In 
less uniform specimens of the T1-Ba-Ca-Cu-0 system a 
change is observed not only in A but also in the local values 
of the critical temperature, which can be judged from the 
temperature dependence of the CVC. Vanishing of non-lin- 
earity on the CVC in the range U< 5 mV can then occur both 
below and above T, ( Tc corresponds to the 0.5 p, level). 
Certainly, in the latter case the departure from linzarity is 
usually so small even at T = 1.2 Tc that it approaches the 
noise level. 

FIG. 8. Dependences of critical current density J, on field B (determined 
from the criterionp(J, ) = 10-4p, ) for specimens ofYBa,Cu,O, + , with FIG. 9. Current-voltage characteristics of a tungsten- 
different degrees of uniformity at 77.4 K. The degree of uniformity in- Tl,Ba,CaCu,O, +, tunnel junction for three values of the temperature 
creases with the number against each curve. 1) 4.2, 2 )  31, and 3 )  120 K. 
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6. DISCUSSION OFTHE RESULTS AND CONCLUSIONS 

It follows from the results obtained that in contrast with 
specimens of the composition RBa,Cu,O, + , , practically 
single-phase specimens of the five-component systems 
T1-Ba-Ca-Cu-0 and Bi-Sr-Ca-Cu-O are in general char- 
acterized by smaller uniformity. This is evidently associated 
with the fact that when the number of system components 
increases and the structure becomes more complicated the 
probability of onset of defects, and in particular of a disrup- 
tion of the sequence of the layers, increases. Although from a 
crystallochemical point of view both five-component sys- 
tems can be considered as analogous, one should expect that 
because of the smaller difference in the ionic radii of Ca and 
Sr the probability of breaking the layer sequence in a system 
with Bi would be higher. This is evidently one of the main 
reasons which hinder the obtaining of sufficiently single- 
phase specimens of the composition Bi2Sr2Ca2Cu301, +, . 

It is interesting that partial substitution of Pb for Bi (or 
Pb + Sb) with subsequent long ( ~ 6 0  h )  annealing4' en- 
ables the content of the given phase in the specimens to be 
increased appreciably. In the thallium system, such prob- 
lems do not arise in obtaining specimens with a content of 
more than 80% of the phase Tl2Ba2Ca2Cu3O1, + , (c = 35.6 
A, Tc = 120-130 K) .  In this system, varying the composi- 
tion and of the synthesis temperature allows a minimum of 
three high-temperture ( Tc > 100 K) superconducting 
phases to be obtained with parameters c = 15.88 A, 19.23 
and 29.5 A. All these phases of the thallium system have very 
close values of the parameter a = 3.83-3.85 A. Apart from 
this, in the non-single-phase specimens of this system there 
are found phases with the parameters c = 39.5 A (Ref. 33) 
and 43.2 A (Ref. 11) which, as has been have 
Tc = 120-150 K. 

There is a tendency for an increase in T, with increase 
of the parameter c, but it is, however, premature to talk 
about a clear-cut dependence of T, on c on the basis of the 
existing data. 

If the crystallographic data are analyzed, it can be 
noticed that within each class of compound a growth in 
T, is accompanied by a reduction in the normalized mean 
distance between the layers E = 2c/aq, where c and a are the 
cell parameters and q is the number of layers in the cell." 
Thus, for example, in the Bi-Sr--Ca-Cu-0 system as 2 
decreases from 1.3 to 1.08 the value of Tc increases from 
4-6 to 90-100 K. In this system, at smaller values of 
E the phases are apparently st;ucturally unstable under 
normal conditions. It is possib!e to dope them, for example, 
to increase their structurai stability. In this way it is pos- 
sible to reach ,T, = 132 K in specimens of composition 
(Bi, , Pb, , Sb, , ) Sr,Ca2Cu30,, + , .40 The dependence of Tc 
on E extends to lower values of 2 (at least down to E = 1.02) 
in the T1-Ba-Ca-Cu-0 system. If the Tc (E) dependences 
for the systems with Bi and T1 (Fig. 10) are extrapolated, 
then it appears that Tc = 140-150 K should correspond to 
values ofE = 0.95. Raising T, further in these systems seems 
unlikely, since under equilibrium conditions even doping is 
unlikely to achieve the necessary structural stability of 
phases for E < 0.95. It is not impossible, however, that such 
phases could appear under non-equilibrium conditions and 
take part in the form of inclusions in inhomogeneous and 
non-single-phase specimens, at the crystallite boundaries, 

FIG. 10. Critical temperature as a function of the normalized mean 
distance I between metal-containing layers in the phases: (0) 
TIBa,Ca,, - , Cu,,O,,,, , ,, + , , (0) TIZBa,Ca,, , C U , , ~ , , , ,  + ,, + , , (0)  
Bi,Sr,Ca,,, Cu,,O,,,, + ,, + , , and  ( A )  La, ,  (Sr,Ba),,2Cu0, ,. 

for example. The existence of such inclusions, as has already 
been discussed above, could explain the steeper fall in the 
excess conductivity and excess diamagnetism with tempera- 
ture, compared with the contribution from the thermody- 
namic fluctuations. 

The dependence of Tc on 2 discussed above can be inter- 
preted in the following way. 

The data at present available show that the anisotropy 
in the physical properties of the perovskite-like phases with 
Tc > 35 K is due to the quasi-two-dimensional band formed 
mainly by the 2px + 2py -oxygen orbitals and possibly the 
3dx2 - ,2 -Cu orbitals in the Cu-0 layers, which are a general 
structural element for them. The position of the Fermi level 
EF within this band (or around it) can change as a function 
of the oxygen content S in a given phase. Thus, for example, 
in the most studied system RBa2Cu30, +, the density of 
current carriers nh as S - 0 is close to zero and the band can 
be considered as practically full. An increase in S leads to a 
downward shift in the energy EF as a result of "suction" of 
part of the electrons out of the Cu-0 layers introduced into 
the crystallographic lattice from oxygen atoms [which 
mainly fill the vacanices in the O(4) positions]. As a result, 
the density of states at the Fermi level N(EF ) , nh and, conse- 
quently, the conductivity of the specimen increases. It is a 
characteristic that the temperature dependence of the elec- 
trical resistivity in the temperature range from 4.2 to 144 K 
for specimens with S = 0.2-0.3 is well described by an 
expression of the form: 

with the value D = 2 (Fig. 11 ). As is well known, such a 
p ( T) behavior corresponds to hopping conduction for a 
quasi-two-dimensional system with a small N(E,) and 
dN(E,)/dEzO. With a further increase in 6 thep(T) be- 
havior is transformed from the two-dimensional (D  = 2) to 
the three-dimensional (D  = 3) case, which can be regarded 
as a strengthening of the interaction between the Cu-0 lay- 
ers. The reduction in the parameter c (mainly on account of 
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FIG. 1 1 .  Temperature dependence of the electrical resistance R of a speci- 
men of ErBa,Cu,O, + , ( S z  0.2). 

the approach of the Cu-0 and Ba-0 layers) is also evidence 
of this. 

At some threshold values Sc ~ 0 . 4 ,  which depends, in 
particular, on the uniformity in the distribution of oxygen in 
the specimen, the hole density n, in separate regions of it can 
be sufficient so that at low temperatures superconductivity 
arises there. Subsequent growth in n, to 2.102, (cmP3) 
(Ref. 22) for S - 1 is accompanied by the raising of Tc up to 
93-95 K. It is possible that a further rise in n, could lead to a 
reduction in Tc similar to that which occurs, for example, in 
the La, - , Sr, CuO, ~ys t em.~ '  It should also be remarked 
that the transition to the superconducting state in specimens 
of YBa,Cu,06 + , (S = 0.85-0.9) is accompanied by anom- 
alous changes in the crystallographic parameter c ,~ '  while 
the parameters a and b do not then undergo noticeable 
changes. 

In the less studied phases with Bi and T1, reversible var- 
iations in the relative oxygen content also lead to changes in 
T, over a fairly wide range. The question naturally arises: 
what factors determine the range of change in Tc? 

The known superconducting perovskite-like phases 
can be divided into two groups. To the first group belong 
the phases in the crystallographic structure of which 
the Cu-0 layers are separated by two or more metal-con- 
taining layers M-0 (M#Cu), as, for example, in the sys- 
tems: La, - , Sr, CuO, + ,, BiSr2Cu04 + , , T1Ba2Cu04 + , , 
Bi2Sr,Cu06 - , and Tl,Ba,CuO, - , . For these phases the 
following condition is satisfied: d ICu,-Cu, I > d  ICu,-Cu, I 
-,a, where d (Cu,-Cu, I and d ICu,-Cu, I correspond to the 
shortest distances between copper ions from separate layers 
and within each layer. 

The distinguishing feature of phases of the second 
group is the existence in them of "packets" of n closely 
spaced Cu-0 layers, between which there are single layers of 
the ions Ca, Sr, Ba, Y, R. 

We shall first consider phases of the first group. It is 
reasonable to suppose that the interaction between the Cu-0 
layers will be reduced as the distance between them is in- 
creased, which in turn must be accompanied by a suppres- 
sion of the quasi-two-dimensional bands and a correspond- 
ing growth in the density of states at the maximum of the 
N(E)  dependence. The position of the Fermi level within 
this band (or relative to it), as has already been noted above, 
depends mainly on the relative oxygen content in the given 
phase. 

If we take it into account that in perovskite-like phases, 
as in traditional superconductors with strong binding, Tc 
a N(EF ) (I :, ), where (I 2, ) is the square of the electron- 
phonon interaction matrix elements, averaged over the Fer- 
mi surface, then it can be concluded that the maximum val- 
ues of Tc should be reached when the position of EF is inter- 
mediate between the mobility limit and the maximum in 
N(E)  (where as a result of strong shielding the electron-ion 
interaction is drastically weakened and the system becomes 
a good metal). Within the framework of the approach pre- 
sented it can additionally be concluded that 

In this way, among the known phases of the first group, 
we should expect the maximum values of Tc in the systems 
Bi,Sr,CuO, - , and T12Ba2Cu06 - , with d 1 Cu, -Cuj 1 z 12 
A. This conclusion is confirmed both by the published data4, 
and by our results, which show that Tc = 85-95 K can in- 
deed be reached in T1,Ba2Cu06 _, specimens prepared un- 
der nonequilibrium conditions (quenched). It should be re- 
marked that almost single-phase specimens (a  = 3.873 A, 
c = 23.24 A )  with such Tc are characterized by fairly high 
values of p,,, , z loP2 (a cm and mildly sloping p ( T) de- 
pendences in the range from 100 to 300 K (p,,, , /p, = 0.8- 
1.2), which have a broad maximum at T = 150-200 K. 
Small reversible variations in oxygen content (AS~0.04)  in 
specimens of T1,Ba2Cu06 - , lead to a much sharper change 
in Tc (IdTc/dSl z 10, K)  than is observed in, for example, 
the (La, Sr), CUO,~ ,  system4' with d ICu,-Cu, 1 ~ 6 . 6  A. 
The 10-20 fold decrease of Tc for T1,Ba2Cu0, - , specimens 
with increase of the oxygen content, when the Fermi level is 
evidently shifted in the direction of the maximum in the 
N(E)  dependence, is accompanied by a reduction in p,,, , 
by tens of times, while the p (  T) dependence takes on the 
form characteristic for "good" metals with a ratio pZ9, K /  

p, = 20-40, a record for perovskite superconducting 
phases. 

On the whole, the existing data can be regarded as in- 
direct confirmation of the model described above, in which 
the width of the quasi-two dimensional band depends on 
d ICu,-Cuj I and T,,,,, a IdN(EF )/dE 1. 

On the other hand, the larger d ICu,-Cu, I, the more 
probable are mechanisms for suppressing superconductivi- 
ty, including, for example, the destruction of pairs in the 
interaction with normal electrons from neighboring layers, 
thermodynamic fluctuations, structural defects, etc. (The 
influence of all these unfavorable factors on the supercon- 
ductivity can greatly weakened if the structure of the phases 
consists of blocks of several (n22)  interacting layers with 
d ICu,-Cu, <d  /Cu,-Cu, 1, instead of single Cu-0 layers. ) 
Although this leads to a broadening of the quasi-two- 
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dimensional band, it may on the whole be possible to hope to 
obtain an appreciable gain the raising of T c .  As model 
calculations when n is increased in 
M2A ;Can_ ,  Cu,O,,, + ,, (M = Bi, T1; A' = Sr, Ba) the 
value of Tc should grow monotonically and reach an asymp- 
tote with T,,,,, = 135-145 K .  The calculated values of Tc 
for n ~ 4  will then agree well with the experimental re- 
SUltS.10.11.14 

Analysis of the crystallographaphic r e s ~ l t s ' ~ . ~ ~ , ~ '  
shows that the Cu-0 layers are positioned closest to one 
another and the metal-containing layers are next to them. It 
follows that the larger the number of Cu-0 layers in the 
elementary cell of a given phase, the smaller the mean nor- 
malized distance 2 = 2c/aq between the layers, since the pa- 
rameter a is practically unchanged thereby.' 

The Tc (T) dependence shown in Fig. 10 thus mainly 
reflects the interconnection between: 1 ) the raising of Tc and 
the increase in n-the number of "narrow" Cu-0 layers in 
the total number q of metal-containing layers in the elemen- 
tary cell; 2) the reduction in the degree of populating of the 
Bi and T1 positions with an increase in n, which is also ac- 
companied by a reduction in E. In addition, within the con- 
fines of each equilibrium phase with n)2, reversible changes 
in the oxygen content can lead to a simultaneous change in 
Tc and c in such a way that a growth in T, will be accompa- 
nied by a reduction in 2.49 

The raising of Tc in phases with n)2 is accompanied by 
an increase in the relative oxygen content, which for large n 
only becomes possible at the expense of increasing the vacan- 
cies of Bi, TI and possibly of other metals. In the initial stages 
of this process an increase in the number of vacancies can 
exert a stabilizing action on the phase structure, but when 
their concentration exceeds a limiting value one must expect 
just the opposite effect-a sharp reduction in the stability of 
the phases, for example for E(0.95. 

In spite of the technological difficulties in synthesizing 
sufficiently stable phases with complicated structures, the 
results provide a basis for concluding that in the quasi- 
layered perovskite-like systems superconductors can be ob- 
tained with T,,,,, = 150-160 K ,  and further studies are 
needed to make more precise their composition and the 
method of preparation. 

The authors express their thanks to Yu. A. Deniskin, L. 
N. Bogacheva and T. N. Tarasova for help with a number of 
measurements and for preparing the specimens. 

"The use of the upper half of the resistive transition curves ( p ~ 0 . 5 ~ "  ) is 
explained by the fact that in this case other (apart from anisotropy) 
reasons for a broadening of the superconducting transition have appre- 
ciably less influence, due, for example, to diffusion of vortices under 
weak pinning conditions. 
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