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Electrical resistance under pressure in textured BiSr,CaCu,Og..:
Enhancement of the energy gap and thermodynamic fluctuations

Q. Wang, G. A. Saunders, H. J. Liu, M. S. Acres, and D. P. Almond
Schools of Physics and Materials Science, University of Bath, Claverton Down, Bath BA2 7AY, United Kingdom
(Received 3 September 1996

The effects of hydrostatic pressure up to 1 GPa on dleplane electrical resistance of textured
Bi,Sr,CaCyOg ., have been measured. Use of the Ambegaokar-Halg&H) model to examine the pressure
effects on weak links across grain boundary leads to a value of-@.I2 GPa? for the pressure derivative
d[InA;(0))/dP of the energy gap;(0) at junctions formed by graing;(0) for Bi,Sr,CaCyOg., , is about 10
times smaller than that of YB&u;O;_5s. The thermodynamic fluctuations of the superconducting order
parameter have a two-dimensional character abiqvand below 115 K. Applying hydrostatic pressure en-
hances the thermodynamic fluctuations: creation of the superconducting quasiparticles welTl almwen-
hanced under pressure. As pressure is increased, the characteristic thitlfielse two-dimensional system
decreases nonlinearly by about 20% up to 0.71 GPa. The pressure deriddtivels® of the superconducting
transition temperaturél; have been determined as 1.6.3 KGPal, 1.8+0.2 KGPa?l, and 3.6:0.2
KGPa ! at the onset, midpoint, and offset of tReT curve, respectively. Thermodynamic fluctuations affect
dT./dP at onset. The large value aT./dP at offset is due to the influence of the weak links at grain
boundaries. A value of—1.4 is obtained ford InT./dInV, which, like that for monocrystalline
Bi, ASr,C3, §Cu,05., , , falls between those predicted by the BCS and the resonating valence-bond theories. In
the normal statal Inp,,/dP is —8.4%+0.2 GPa® at 293 K andd InR,,/d InV is 2.01x0.06. The pressure
derivatived InR,,/dP of the normal-state resistance of texturegBjCaCyOg ., shows a temperature de-
pendence, which is affected by applied pressure and thermodynamic fluctupfioh63-18207)01513-7

[. INTRODUCTION structural characteristics are similar to those obtained on an-
other very dense textured Jir,CaCyOg, , sample(Fig. 1
We have recently reportéa detailed hydrostatic pressure in Ref. 4. A large proportion of the grains are aligned pref-
investigation of the superconducting phase-transition temerentially with theab plane parallel to the top faces of the
peratureT, and the normal-state resistance of monocrystalsample, while thec axis is perpendicular to these faces,
line Bi, o(Sr,C3,¢Cu,05,y. However, polycrystalline tex- along the sinter-forging direction. The electrical resistance of
tured highT, materials are more likely to find industrial the textured sample was measured using a conventional four-
applications and these materials have important microstrugoint configuration aligned along the largest sample dimen-
tural differences that alter their electrical properties signifi-sion. The major contribution to the measured electrical resis-
cantly from those obtained from measurements of singletanceR is R, in theab plane, corresponding to a resistivity
crystal samples. These ceramics, which consist op,,. The methods and procedures used to make electrical
superconducting grains and contain pores and microcrackspntacts and to measure the effects of hydrostatic pressure on
exhibit complex behavior associated with these defects, quitthe electrical resistance have been described elsewhere.
different in kind from that of single crystals. This behavior is
attributed to thermodynamic fluctuations of the supercon-
ducting order parameter which affect the electrical resistance
characteristics in both normal and superconducting states. Typical measurements of the temperature dependence of
Application of pressure influences these structural defectghe electrical resistand®,;, at constant pressure are shown in
especially interactive features across grain boundarieszig. 1. Excellent agreement was found between the data
Hence, it is instructive to compare the effects of pressure omeasured while decreasing or increasing temperature. For
the electrical properties of textured ceramics with those obelarity, only those data measured while decreasing tempera-
tained for single crystals. A central objective is to investigateture are included in the figure.
effects of pressure on the weak-link properties, which deter-
mine the transport critical-current density at low magnetic
field in polycrystalline material$,a major factor in limiting
the application of highF. superconducting materials. The room-temperatur€293 K) pressure dependence of
the normal-state resistancR,,, of the textured sample is

shown in Fig. 2, with the corresponding data for the monoc-
rystalline B'b_z(Sr,Ca)nguzogJ,y.l Several pressure cycles
The samples of textured gBr,CaCyOg_ , were prepared were measured and marked differences were obtained while
at Argonne National Laboratory by the sinter-forging increasing and decreasing the pressure, a feature not found
method® An x-ray-diffractometry study showed that their for monocrystalline Bi «(Sr,Ca, §C,0g,y, Whose room-

Ill. RESULTS

A. Normal state

Il. EXPERIMENT
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temperature resistance was accurately reversible during preg¢inR,,)/dP of R,, under selected pressures is plotted in
sure cycling. The average pressure dependencEig. 4, together with the temperature dependence of
d InR,,/dP=-6.3%*0.2 GPa*! of the textured sample is d(InR,)/dP of monocrystalline Bi (Sr,Ca, {C,0q. , (Ref.
much smaller than that-25.5%+0.2 GPa?) of the single 1) at atmospheric pressure. Above about 200 K at pressures
crystal. lower than 0.5 GPa, the pressure derivatinR,,)/dP is

The pressure dependence of the in-plane resist®ge almost independent of temperature. At lower temperature,
from 100 to 290 K is shown in Fig. 3. At 290 KR,, de-  under a pressure of less than 0.2 GiéR,,)/d P increases
creases almost linearly with increasing pressure. Belovin good agreement with the expression
about 120 K,R,;, starts to show an opposite behavior in the
low-pressure regionR,y, first increases as pressure is in- d(InRyp)
creased, and then decreases. This behavior is quite (—ab)
different from that observed in monocrystalline P Jp
Bi, A(Sr,Ca, {CW,04.., for which the pressure dependence of
R, is hardly affected by temperatut€igs. 7 and 8 in Ref. At atmospheric pressureA=—0.085 GPa!, B=1.819
1). The temperature dependence of the pressure derivati@Pa’, and t=44.15 K. The relationship between

=A+Be ™, (1)
=0
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FIG. 3. The pressure dependence of #teplane normal-state
resistance at fixed temperatui@s from 290 to 200 K andb) from

190 to 100 K.

d(InR,,)/dP and temperaturd changes to a linear form

below 0.2 GP&upright triangleA in Fig. 4):

( d(lnRab)
dP
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in contrast to monocrystalline BYSr,Ca, {C,0g., , (Fig. 3

in Ref. 7). The temperature derivativdR,,/dT for the
normal-state in-plane resistance of textured
Bi,Sr,CaCy0Og, , determined using a linear regression, is
plotted in Fig. 6, to show clearly the pressure effects. The
temperature derivativelR,,/dT shows parabolic behavior
up to 0.7 GPa.

B. Superconducting state

The pressure dependences of the superconducting transi-
tion temperature, employing three commonly used conven-
tions, are shown in Fig. 7. The three definitionsTafare®
the onset, midpoint, and offset, being the temperatures at 90,
50, and 10 % of the normal-state resistafGglinearly ex-
trapolated to the transition region. The transition width,
then becomes .(offse) — T (onse}. A linear temperature de-
pendence is a common feature of the normal-state electrical
resistance of optimally doped high-temperature supercon-
ductors and it is found at higher temperatures, from 290 to
193 K, in the textured BBr,CaCyOg. ,. The linear extrapo-
lation of this high-temperatur®,, leads to transition tem-
peratures at atmospheric pressureTgfonsej=108.2+0.2
K, T.(mid)=89.9+-0.2 K, T.(offse)=82.9+0.2 K, and
AT.=25.3+0.2 K.

The shapes of thB-T curve vary with pressuré-igs. 2,

5, and 6, reducing accuracy in determination of the pressure
effects onT (onse} and T (offsed. EachT, value from dif-
ferent definitions increases linearly with pressufgionsej
has the largest rate of increase, whilgmid) has the small-
est. Linear regression of the pressure dependentg gives
dTYdP=5.4+0.7 KGPa® for T.(onse}, dT™/dP=2.0
+0.2 KGPa* for T (mid) andd T"/dP=3.1+0.2 KGPa*

for T.(offset. The value ofd T"YdP is similar to most re-
sults reported for single-crystalline and polycrystalline
Bi,Sr,CaCyOg,, (Table Il in Ref. 1, but those of
dT2"dP andd TS"/dP are larger. The pressure derivative of
the transition widthAT, is d(AT.)/dP=2.2+0.5 KGPa ™.

An alternative approach is to extrapolate the normal-state

resistancéry immediately above the region where the resis-
tance drops sharply. At atmospheric pressureTtheralues
and their pressure derivatives determined in this way are
T.(onsej=96.1+0.2 K, T.(mid)=89.2-0.2 K, T.(offsed
=82.5+0.2 K, andAT.=13.7+0.2 K. The pressure deriva-
tive of AT, is d(AT.)/dP=-1.1+0.4 KGPa. This value
of AT, is similar to that reportédfor a Bi-Pb-Sr-Ca-Cu-O
sample with aT. of 90 K. Linear regression of the data
obtained in this alternative way give$Ty/dP=1.6+0.3
KGPa! for T.(onse}, dT"Y/dP=1.8+0.2 KGPa?! for
T (mid), and dT2"/dP=3.0+0.2 KGPa! for T.(offse?.
The value ofd T2"/d P is compatible to that reported by other
authors(see Table Il in Ref. 1 implying that the influence
of the rounding effects on the pressure derivaiiVe'/dP
have been reduced. The valuesdF"%/dP and dT2"/dP
are only changed slightly.

Another method used to determifig is to choose the

a very weak temperature dependence. Above 0.2 GP&emperature at which a cusp, or a maximum, appears in the
d(InR,,,)/d P varies nonlinearly with temperature. This non- gradientdR/dT in the transition regiod® The transition

linearity is enhanced as pressure incred&@s. 4).

The temperature dependence d},, of textured
Bi,Sr,CaCyOg, , was found to vary with pressuigig. 5,

temperaturd ¢, with the superscript £” indicating the cusp
point, determined using this method at atmospheric pressure
is 88.7+0.2 K and its pressure derivativel /dP=2.4=0.5
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FIG. 4. The temperature dependence of the
pressure derivativel InR,,/dP under different
pressures. For textured fSir,CaCyOg. , solid
square,P=1O*4 GPa; open circleP=0.1 GPa;
open upper-triangle? =0.2 GPa; open diamond,
P=0.3 GPa; open down-triangld?=0.4 GPa;
solid circle, P=0.5 GPa; solid upper-triangle,
P=0.6 GPa; solid diamond,P=0.7 GPa.
Large solid circles for monocrystalline
Bi, ASr,Ca, §Cp0g.y at 10°* GPa. The solid
line shows the fit of linear regression.
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KGPa'l, larger than that determined by the method in thecrystalline B'b.z(Sr,CaZgCuzOgﬂ,lthe R-T curve above the
previous paragraph. Yet another approaishto takeT, as  transition range does not show the semiconductorlike behav-
the temperature at which a straight line fit of tReT curve ior of the oxygen-deficient single crystal. In view of this and
of the transition range intercepts with the zero-resistancen the basis of work by Klotz and Schillif§, textured
axis. This givesT 2=82.6 K andd TY/dP=3.4+0.3 KGPa’ Bi,Sr,CaCyOg, , used here can be considered to be slightly
almost the same as thoseTf(offset anddTgﬁ/d P givenin  oxygen overdoped.
the last paragraph. The large valuediTgﬁ/dP is caused by
the change in the shape of tReT curve in the lower part of Vr———T——— T T T
the transition region. There is a tail in tiRe T curve as the
electrical resistance approaches z@fig. 1). Application of
pressure increases the starting temperature of the tail and the &5
flat part of the tail shifts to higher temperature. Thus, the
temperature regiongff corresponding to 109y under
different pressures is broadened, which leads to a large value
for dT2"/dP.

Thus the different methods lead to different valued of
The values ofT. and its pressure derivative, determined in »
the upper and lower sections of the transition region, can be
affected by the shape changes in fRe€l curve, which are

80 -

R, (MQ)

caused by nontransition effects. Specifically, the values of e 20 2o 20 2 s 30
T.(onsel and the pressure derivatives df;(onse} and T (K)

T.(offse) are sensitive to the variation of the resistance

curve whilst the values off ((mid) (89.2+0.2 K) and its FIG. 5. Linear part of the in-plan&-T curve of textured

pressure derivativd T7"/dP (1.8+0.2 KGPa') are not. Al- Bi,Sr,CaCyOg.., under selected pressures. Solid squaPes]0
though T (mid) (89.2-0.2 K) determined for textured GPa; solid circle®=0.14 GPa; upper-triangl®=0.35 GPa; down-
Bi,Sr,CaCyOg, , is similar to that(90.3+0.2 K) for mono-  triangle, P=0.53 GPa; solid diamond?=0.71 GPa.



55 ELECTRICAL RESISTANCE UNDER PRESSURHI. . . 8533

0.110 . r r , . ;
0.105 B
3 ]
g FIG. 6. The pressure depen-
—~ 0.100 N dence of the temperature deriva-
5 : tive dR,,/dT of the in-plane
\-% normal-state resistance in the lin-
o A ear part of theR-T curve for tex-
© tured B,S,LCaCyOg.y. The line
0.095 |- - shows a parabolic fit.
0.090 L | ' 1 L | L
0.0 0.2 04 0.6 0.8
P (GPa)
IV. DISCUSSION AND ANALYSIS dInp . dinéd dint /dInv) !
_ _|._
A. The normal-state resistance dinv_ <7 dpP dpP ( dpP )
The pressure derivatived Inp,/dP (=—8.4%+0.2 d Inb‘ :8(:
GPa') obtained here for textured fBr,CaCyOg., is simi- =2y+BT aP B, ©)
\%

lar to that (—7.5% of Bi,Sr,CaCyOs,, crystalsll Both
these values are smaller than those of monocrystor T>® (the Debye temperatureHere y is the thermal
talline  Bi, (Sr,C3,C,0g., (—25.5% GPal) and  Grineisen parametes is the mobile charge carrier density,
Bi,Sr,CaCyOg,, (—15.0% (Ref. 12 and that(—11% andpy is the isothermal volume compressibility, the recip-
GPal) of smtered(BPb)SrCaCuO13 Values of —8.4 and  rocal of the bulk modulu8™. The first term represents the
—12.0% have been found for two BiSr {CaCyOg,, effects from the lattice vibration scattering, the second the
single crystals. effects of the pressure dependence of the mobile charge car-
From elementary electron transport theory the volume derier density, and the third the changes in physical dimensions
rivative d Inp/d InV of the normal-state resistivity is given under pressure. The value dfinp,,/d InV, estimated using

by! Eqg. (3), is only 64% of that measured for monocrystalline
108 T T T T T T
100 -
r - N Ay a5 7
— -~
95 |- .
— i FIG. 7. The pressure depen-
X % |- " L AAs & R d_e_nce of the superconducting tran-
o Ay b - sition temperature for textured
= I - Bi,Sr,CaCyOg, y. Solid squares,
T.(onsej; solid triangles,
85I 7 T.(mid); solid circles, T,(offseb:
‘M i solid lines, linear regression fit.
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Bi, ASr,C3, LC0g., y Whereas for some Bsr,CaCyOg,,  of B® (31.86 GPaandp,, (95% of theoretical mass density
and YBgCu;O;_ single crystals the calculated values arefor textured BjSr,CaCyOg, , (Ref. 6 into Eq. (5), gives
close to those determined experimentallyfthe mobile

charge carrier term contributes about 75% of the estimated Yett BpS,
d Inp,/d InV for Bi, »(Sr,C8, ¢CyOg.y and YBaCu;0;_y > BSL =0.48, (6)

single crystals. Contributions from the third term are negli-

gible for single crystals. Nowl Inp,,/d InV can be obtained taking BS as 70 GPa. Here the subscriptepresents single

from the measured pressure derivatid/&p,,/d InP, using crystal andt textured material. Taking as 1.56,y. is 0.75
for textured BiSr,CaCyOg . If e is used in EQ(6) to-

d Inpap _ _gT d Inpab. (4)  gether withB'=31.86 GPa andi In§dP=10.8% GPa,
d InvV dP the calculated InR,,/d InV is reduced by 27.5% from 5.89

For textured BjSr,CaCy0Oy,, d INR,/d InV has been ob- to 4.27_, which is still much larger than thé?.O_lt_0.0b)
tained as 2.0t0.06, using the isothermal bulk modulus 9€términed from the measurédnR,,/dP. Hence, it is con-
BT~BS=31.9 GPa determined by Saundetsal* for very cluded that this discrepancy is not due to defect structure

dense textured BBr,CaCyOg,,. In general, the elastic alone. _ _ ,
stiffnesses of the high-temperature superconducting cuprate_! € Pressure dependence of the in-plane resistance is also
ceramics, especially for the bismuth-based materials ar8fected by temperature, particularly wh@&R<200 K (Fig.
small. The elastic stiffnesses of textured,®CaCyOg. 4). Below 0.4 GPa the pressure derivativénR,;,/d P shows

are substantially smaller than those for monocrystalline ma Small linear increase with decreasing temperature between
terial. For single-crystal Bi2212, the bulk modulus is about290 t© 200 K, while above 0.4 GPa, it has a slight linear
70 GPa; the reduced stiffness of the textured ceramic is duiecrease. Information about the temperature dependence of
to the microstructural defects including porosity andtN€ Gruneisen parametey is sparse. Whité has calculated

granularity’®> The value obtained ford InR,,/d InV “average values” ofy for several highf. superconductors
is much smaller than tha(18.§ for monocrystalline from the experimental data. For the Bi-2:2:1:2 system there

Bi, A(Sr,C8,¢Cu,0g,, and those 5.47 and 10.95 estimated's almost no change iry from 295 K (y=1.2) to 100 K
for two Bi,Sr,CaCuOs., single crystals (y=1.3). The temperature dependence of the Hall coefficient
y .

Taking y=1.561 dInddP=10.8% GPal!® BT=31.9 Ry for polycrystalline BySr,CaCyOg,, shows no signifi-
GPa, and,86=0.02'l GPat for textured B&Srz,CaCléOngy, cant change ofl InR,,/dP with temperature above 120 1@._
the value ofd InR,/d InV calculated using Eq3) is 5.89, Henced lnRab/.dP. .WOUId not be expected 1o change with
much larger than that2.01+0.06 determined for textured temperature significantly in the normal stafgg. (3)]. How-

BiSr,CaCyO;. .. If the bulk modulusBT of 70 GPa for €Ver, our results show that below 200 K, the value of
BiZSrZCaCLQOEHyy single crystals is used, E¢g) gives 4.41 d InR,,/d P changes markedly with temperature and its tem-

for dInR,/d InV using the experimentally determined Perature dependence also varies with pressure. These varia-
d InR,,/dP, while Eq. (3) gives d InR,,/d InV as 10.0. tons in dInRg,/dP below 200 K are considered to be
Hence the small value af InR,,/d InV determined for tex- caused by the thermodynamic fluctuations of the supercon-
tured Bi,SK,CaCyOg,, cannot be attributed completely to ducting order parameter and the pressure effects on these
the small value of its bulk moduluB”. The anomalously fluctuations.
small value of dInR,,/dInV determined for textured
BiZSrZCaCLéOsﬂ, indicates that the volume dependence of B. Thermodynamic fluctuations in textured Bi,Sr,CaCu,Og,
the normal-stat@b-plane resistance due to the lattice vibra-
tional scattering and the pressure dependence of the mobile
charge carrier density are smaller than that for single-crystal The rounded shape of tHe-T curve and the deviation
material. from linear, metallic behavior abovie, aroused interest soon
The Grineisen parametey in Eq. (3) is defined by after the discovery of the highz superconductofé'~?°and
—d In®/d InV, which is proportional to the reciprocal of the are considered to be caused by thermodynamic fluctuations,
lattice vibrational mean-square amplitud@. Hencey is  Intrinsic to superconductors. Due to t_he short coherence
proportional tod InX2/d InV. Part of the reason for the small 1€Ngthé of the order parameter and the high values of the
value found ford InR,,/d InV may lie in a relatively small effects of thermodynamic fluctuations of the superconduct-
change of X2 under pressure. Ceramic materials contain "9 order parameter are particularly pronounceq. From SIUd'
pores and microcracks which close under pressurd.re- ies of the temperature dependence of the resistance it has

ducing the value of the bulk modulus. The thermal Gru g?gg_ét?ge(ﬁe_d\(tg?tljze et?ce)mr:]%?grr;:g';rzuf;'r“':et'%?;é?]_the
eisen parametey can be calculated using i, '

sional (3D) (Refs. 22—23 but in the Bi-Sr-Ca-Cu-O system
aBS are two dimensional2D).”?>?” A 2D-to-3D crossover in
=C , (5)  these two systems has been repoft&tfKnowledge of the
PPm effects of pressure on the thermodynamic fluctuations is
wherea is the volume thermal expansion coefficie@t, is  sparse. A pressure study of the excess conductivity of
the specific heat at constant pressure, ppdis the mass RBaCu;0,_5 (R=Y, Yb, Gd, and Ey ceramics up to 1.72
density. Assuming no significant difference in the ratio GPa has been maddut no explicit conclusion was reported
alCp for textured BjSrL,CaCyOg,, from that for about the pressure effects on the thermodynamic fluctua-
Bi,Sr,CaCy0Og. , single crystals, substitution of the values tions. Han, Dai, and Rémeasured the electrical resistance

1. At ambient pressure

Y
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of sintered Bi-Pb-Sr-Ca-Cu-0Or.=90 K) under hydrostatic dure used here has been performed with respect to tempera-

pressure up to 0.7 GPa and concluded that pressure does rote T, with 290 K as a reference point, rather tharFrom

seem to change the slope of tReT curve abovel.. How-  Eq. (7) it can be shown that

ever, the present results for Bir,CaCyOg_ , (Fig. 1) pro- ” I i ”

vide a basis for estimation of the pressure effects on the ( 0290 z(@) 82_(@) +(@> T

thermodynamic fluctuations. Ao C C C T’
The excess conductivito that causes the reduced resis-

tance and the rounding of the transition includes two ComriHence(azgdAaAL)l’x is linear with respect td'. The reduced

butions: Ac=Aa,_+Aoyy where ('3)2 Aoy is the direct o oqq conductivityhoo,g is calculated from the experi-

Aslamazov-Larkin(AL) contribution; attributed to the su- _ _ )
ducti . ted by fluctuat by and mental data ado/0595=Rogd R(T) — Ragd Ry(T) . The back

perconducting pairs created by fluctuations abbye™ an ground resistanc®y(T)=a+bT is extrapolated by fitting

(i) Aoy 3i45_36th(.9 _anomalous, _Maki-Thompsor(MT) the linear part of the measured resistai{d) data above
contribution; arising from the pair-breaking interactions. 190 K. In Fig. 88), (056dA0)? (x=1/2) and(c,efAc) (x=1)
Arfcords'{‘% to the t|me-d§per_1d_ent E‘ In\szfurg-L?]ndgll_D GL) are plotted against temperature up to 140 and 190 K, respec-
t_gor_y, theei(dcisﬁ con uct|V|ty|a 9 & from the AL con- tively, for textured BjSr,CaCyOg,, at atmospheric pres-
tribution should follow a power law: sure. AboveT, both (o,9fAc) and (o,9¢Ac)? increase rap-

idly as temperature increases. An enlarged sgaig. 8(b)]

— -X
Aoa(e)=Ce 7, (7 (solid line) shows that in the temperature rarfie+5 K to
with T.+20 K (i.e., 94.3-110 K(o,94/A0) is linearly dependent
upon temperature; below 94.3 K, closer 1@, there is a
e? departure from linearity(o,9fAco) goes below the straight
C=1gg X1 for 2D, (8 line. The linear part in théo,gfAc)—T curve suggests that
there is a 2D-AL contribution. However the linear region in
o2 1 the (0,9fAc)?—T from about 94—100 K, Fig. ®) (dotted
C=———, x=- for 3D. (9) line) implies the existence of 3D fluctuations in that tempera-
32hé o 2 ture range and introduces difficulties in defining the dimen-

sionality of the fluctuations in the temperature region above
T. and below about 100 K. In this situation it is necessary to
check the fits; to do this the differences between
oaedAaa )Y and the fitted lines are plotted in Figidas a
function of temperature fox=1/2 and 1, respectively. The
difference betweer{o,gfAo) and the fitted line is almost
equal to zero from aboUk, to 115 K: in the region aboveé,

and below 115 K the fluctuations are characterized by two
2&,0) 2}—1/2 dimensions. By contrast the difference betwéegyAo)?

Here e=(T—T.)/T, is the reduced temperaturg, is the
critical exponent related to the dimension of the fluctuations
C is temperature independent and is inversely proportional t
the coherence lengtf)  for 3D fluctuations and to the char-
acteristic thicknesd for a 2D system. By using the formal-
ism of Schmidt’ based on the TDGL theory, Lawrence and
Doniach® derived an expression

2
-1 g (100  and its fitted line is close to zero only in the small tempera-

ture range from about 94 to 100 K in which the 3D model
for the fluctuation-induced in-plane conductivity. For a small @ISO fits. Thus the thermodynamic fluctuations probably have
interlayer coupling parametar=(2¢, J/d)? the fluctuations 2D _character in the textured material. _ o

are 2D, while for a large one they ‘are 3D. As temperature The characteristic thickneskand the mean-field critical
decreases and approacfieshe LD approach predicts cross- temperatureT ¢’ can be calculated using Egel3) and (18)

over of the dimensionality of the fluctuations at a tempera{Tom the intercept and slope of the linear fit to the
ture T, (029dA0)—T curve. At atmospheric pressude=4.5+0.2 A

andTT'=86.0+0.5 K. It may be noted here that' is about
To=TJ1+(2¢, o/d)?]. (12) 3° lower thanT (mid) but about 3.5° higher thah(offse?.
' This value ofd is similar to that(~6 A) determined® for a
The indirect(MT) contribution for the 2D fluctuations can be Bi,Sr,CaCyOg, , single crystal, using the 2D-AL approach.
expressed &% If the fluctuations from 94 to 100 K are assumed to have 3D
character, as the linearity @fr,o/A0)? with temperaturel
might suggest, the zero-coherence length estimated us-
(12 ing Egs.(12) and (16) is 1.2+0.1 A, close to those deter-
mined for polycrystalline BSr,CaCyOg,, (1.46 A
where 6=(T.,—T,)/T, is the pair-breaking parameter and Bi,S,CaCu014., (1.3 A),*° and BpSr,CaCyOg,, (1 A
T., corresponds to the critical temperature in the absence dbr the extrapolated, o).*"*
pair-breaking mechanisms. To ascertain whether there is a dimensional crossover of
A common approach to the analysis of the AL contribu-the fluctuations in textured B$r,CaCyOg,,, the LD ap-
tion [Egs. (7)—(9)] is to extract the slope of a logarithmic proach has been used by fitting E0) to the reduced ex-
plot of the excess conductivity with respectdoThe results cess conductivity(Ao/o,g9). A crossover temperature of
are sensitive to the value %, and can differ substantialy ~ T,=96.1+0.4 K (at atmospheric pressurs obtained, which
because of the uncertainty in the valuesTgfdetermined by is abou 7 K higher thanT.(mid) and abot4 K lower than
different methods. To avoid this problem, the fitting proce-the starting temperature of the linear part of the

AULD:mg

e? 1 (8
n

o _ &
AoMT= ghds—o "l 5/
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FIG. 8. The temperature dependence(@fydAc)*™ in the ab
plane for textured BSr,CaCyOg,, at atmospheric pressurés)
For T up to 190 K. Solid squares, the data for1; solid circles,
the data forx=1/2. (b) The linear fitting for (ou9fAc)- and
(020dA)?—T curves. Open squares, the datasxerl; open circles,
the data forx=1/2. (c) The difference betweefnzgdAa)“X and
fitted lines forx=1/2 (open squargsandx=1 (solid circleg. The
solid line indicates the zero difference.

(099dA0)?—T curve. The characteristic thicknedsand the
zero-coherence length o, determined by fitting Eq(10),
are, respectively, 4:80.2 A, close to that4.5+0.2 A) ob-
tained from the linear fit tdo,gdAc), and 0.67-0.03 A,

characteristic thicknessl as 4.8-0.2 A and the zero-
coherence lengtlj, , as 0.670.03 A, is compared with the
experimental data in Fig. 9. The line drawn using the LD
approach fits the data well from 90 to 110 K. Crossover from
2D to 3D is not clearly defined.

To estimate the indiredMT) contribution to the thermo-
dynamic fluctuations in textured f8r,CaCyOg., ,, EQ.(12)
and Eq.(2b) quoted by Gauzzi and Pavifiidave been used
to fit the excess conductivity from 90 to 120 K. The charac-
teristic thicknessl obtained is about ten times larg@5-51
A) than those obtained by using the AL and LD approaches.
Freitas, Tsuei, and Plaské&tand Gauzzi and Pavuftsfound
no MT contribution in YBaCu;O;_ s superconductors in a
zero magnetic field. A similar analysis rules out any MT
contribution to the thermodynamic fluctuations in textured
Bi,Sr,CaCy0Og. , in a zero magnetic field.

Analysis of their data for YB#Cu0,_; films, led Gauzzi
and Pavund** to question the validity of the AL and LD
approaches for higfi. cuprates. They concluded that the
critical exponent does not exhibit any universal behavior in
the fluctuation region accessible to their experiments. Using
a generalized AL expression with a short-wavelength cutoff
approach, Gauz4 derived relations for the in-plane excess
conductivity for the 2D and 3D fluctuations. Gauzzi and
Pavun&>**found that the 3D equation fitted the excess con-
ductivity determined for YBgCu;0O,_; films well. In con-
trast to a consensus that the thermodynamic fluctuations in
Bi,Sr,CaCyOg, , are characterized by two-dimensional be-
havior, a fit of Gauzzi's equations to the data obtained here
for textured B}Sr,CaCyOg,, indicates failure of the 2D
equation. However there is a good fit to the measured data
from about 120 to 90 K using Gauzzi's 3D equatidiig. 9).

At atmospheric pressure, Gauzzi's 3D approach leads to

£ 0~0.43+0.05 A, which is less than those obtained by us-
ing the AL (1.2+0.1 A) and LD (0.67+0.03 A) approaches,
but agrees with the estimate by Husstyal*®

2. Effect of pressure

Application of pressure is found to have a strong influ-
ence on the thermodynamic fluctuations in textured
Bi,Sr,CaCyOg,,. The relative change &Aaloyg)p/
(Aoloy99)p—p in the reduced excess conductivity is plotted in
Fig. 10 as a function of pressure for selected values of In
There is a minimum at about 0.23 GPa. Well abdvg
Al ogl(Adloyg0)p— iNncreases almost linearly with in-
creasing pressure wheR>0.23 GPa. The changes in
Adloygy caused by applying pressure are reduced ap-
proachesT. (Ine becomes more negativéWhen Ire>—1,
the reduced excess conductivitys/o,q, increases by about
20% at 0.71 GPa. In the context of the AL contribution to the
thermodynamic fluctuations, this means that applying pres-
sure enhances the creation of the fluctuation superconducting
quasiparticles well abové, resulting in a larger excess con-
ductivity and the change in the shape of &€l curve under
pressurdFig. 1). The pressure dependences of the character-
istic thicknessd, obtained from the 2D-AL and LD ap-
proaches, are plotted in Fig. (6. Both methods show simi-

smaller than that obtained by using the 3D-AL approachlar behavior ford: a nonlinear pressure dependence with a

Recently, Hussyet al*® have estimateds, ;<0.5 A for
Bi,Sr,CaCyOg,.,. The behavior ofo,efAc) with tempera-

maximum at about 0.23 GPa corresponding to the minimum
in 8(Adloyg0)(Aoloyggp—o (Fig. 10. Therefore, the pres-

ture, expected from the LD approach, calculated taking thaure derivative ofd changes with respect to pressure: 4.7
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+0.9 and 2.60.8 A GP4d at 0 GPa from the AL and LD tion of pressure induces smaller changes£og than ond.
approaches, respectively and at 0.71 GP8.4+0.9 and The 3D-AL approach indicates thdt , decreases as pres-
—3.0+0.8 AGPal. Hence, in textured BBr,CaCyOg,,  sure increases while on the basis of the LD and 3D-Gauzzi
application of pressure appears to have a significant influapproaches it remains almost constant; the pressure deriva-
ence on the characteristic thickneds According to the tive (d¢, JdP)p_qis —0.3+0.1 A GPal (AL), 0.01+0.02
2D-AL approach{Egs.(10) and(11)], the excess conductiv- A GPa ! (LD), and 0.09-0.03 A GPa®: possible 3D fluc-

ity Ao is proportional to the reciprocal a: whend in-  tuations are almost independent of pressure.
creases with pressure, the reduced excess conductivity

Adlo,gg decreases. Sinakdecreases with pressut®g/o,gg
increases. The 2D fluctuations are pressure dependent.

If the 3D fluctuations are assumed to exist between 94 and .
100 K, the pressure dependence of the zero-coherence length The pressure derivativ@Tg"d/d P of the superconducting
& o can be obtained by using the 3D-AL, LD, and 3D- transition temperaturé (mid) (=89.2+0.2 K at 104 GP3
Gauzzi approaches, giving the results in Fig(tl1Applica- has been determined as +8.2 K GPa! for textured

3. Pressure effects on the superconducting
transition temperature

03 T T T T T T T
02| . -
g !

E - . FIG. 10. Pressure depen-
2 o1k v i dence of the relative change
4 ° v Aclorg)l(Aolorg)p_o in re-
\8 L A . - duced excess conductivity
= ¥ * + Aoloygy at selected reduced-
= 0.0 K N o X 1 temperatures b (=In[(T—T.)/
Q ?ﬁ * | T.]). Solid squares, k=0; solid
% ¥ § g circles, Ire=—0.5; solid upper-
2 -0.1 | i 7 triangles, le=-—1; open down-
w | ° 1 triangles, lk=-1.5; solid dia-

. monds, Ikz=-2; +, Ine=—2.5;
-0.2 - ] ~ X, Ine=—3; barred-open circles,
Ine=—4,
- .
0.3 1 1 1 1 1 1 N
0.0 0.2 04 0.6 0.8

P (GPa)
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FIG. 11. The pressure depen-
dence of (a) the characteristic
3.0 L ! " L L L . thicknessd for 2D system ob-

0.0 0.2 0.4 06 08 tained from the 2D-AL approach

(solid squares and the LD ap-
P (GPa) proach (solid circleg, respec-
tively, and(b) the zero-coherence
20 i ’ i 1 ; | i length & o determined by using
the 3D-AL approach (solid
i (b) squarey the LD approach(solid
T circles, and the 3D-Gauzzi ap-
proach (solid triangle$, for tex-
- tured BpSr,CaCyOg. . The lines
are visual guides.
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Bi,Sr,CaCyOg. , in the range1.3-2.4 K GPal) found for  To determined InT/d InV, a parameter intrinsic to a super-
most Bi-2:2:1:2 superconductors with an applied pressure ofonductor, the value oB' for a single crystal should be
less than 2 GPésee Table Il in Ref. Lirrespective of the used. UsingB'=70 GPa for Bi'SI’ZCaCLQO_daer single
sample morphologyi.e., single crystal, sintered, or textujed crystals;* and the values fofr (mid) and dT;"/dP, gives

and quality. This implies that in polycrystalline materials d InT./d InV for textured BjSr,CaCyOg,, as —1.4: close
dT./dP is mainly determined by the intra-granular supercon-to that (—1.5 for monocrystalline Bi(Sr,Cd, {Cu,Ogq_ .
ducting state. To compare the experimental results with theolhe pressure-induced increaseTip has been attributed to
retical predictions, it is necessary to transform the pressurhe volume dependence of the electron-phonon interaction

derivative dT,/dP of the superconducting transitions tem- Parameter in the BCS theory or to the volume dependence
peratureT, into the volume derivative using of the width of the electron band for a 2D square latfiég.

The value (—=1.4) of dInT./dInV obtained here for

- Bi,Sr,CaCy0g. , falls between those predicted by the BCS
dinT. B dT. (14) (—1) and the RVB(—2) theories® as found previously for
d Inv T, dP° monocrystalline Bj(Sr,Ca, §CtyOg.y."
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C. Pressure effects on the weak links ther a sheath of dirty metal or a layer of insulatbr® The
between grain boundaries bonded superconducting grains could form superconductor-

Thermodynamic fluctuations are not the sole reason folSulator-superconductor StI-S) junctions or supercon-

broadening of the resistive transition in a polycrystalline su-ductor{normal metaksuperconductor N-S) junctions.

perconductor; other mechanisms which could cause thi/henT approached, from low temperatures, the coupling
broadening include thermally activated flux creep and quanP&tween the phases of the superconducting order parameter
tum tunnelling®’ The “tail structure” in the R-T or 1-V of two superconductors forming a Josephson junction is ther-

curves in the superconducting transition region is a charadn@lly disrupted and ”}E phase difference between the two
teristic of both conventional and high: superconducting superconductors slips:>* A nonzero time-averaged voltage

materials comprised of grains, such as polycrystalline bullProportional to the phase-slip rate results; that corresponding
samples, films and bicrystal&:*° Tail structures also occur © Phase slippage ofz2is given by

in Josephson junctions made from hi§hsuperconductor$ h

and have been attributed to weak links at the grain V= ﬂ, (15)
boundarie$. e

Information about pressure effects on the weak-link bey,nerew 1 is the average time for a phase slippage of 2
havior of textured BiS,CaCyQs.., is now obtained. The o highT  superconductors the thermally activated phase
R-T curves below 100 K for textured B8r,CaCuyOg.y and  gjinhage is present over a rather wide temperature range be-
monocrystalline Bi{(Sr,Ca,gC,0g,, at atmospheric pres- o, T “(Ref. 51 due to the depression of the order parameter
sure and 0.7 GPa are plotted in Fig. 12. The resistance Qft the'grain boundaries, which is caused by the short coher-
fcion at almost the same temperature. But there are ang tails-ross the Josephson junction by the phase slippage. The
in the R-T curves for the textured sample. To quantify the 44 of R, to the normal-state resistanBeg, of the junction
departure from the linear behavior in the superconducting
transition region is defined. A linear regression, returned R, (70 -2

lol 5
straight line part of the transition regigdashed lines in Fig. Rin 2
12). At T4 the intragranular resistance reaches zero and theerel, is a modified Bessel function and
atmospheric pressurd, is determined as 86%0.5 K, Ynoclo(T) (17
higher than T (offse§ (82.5 K) determined in Sec. Il
pressure dependence.

The resistance tail below, has been attributed to the
n

activated phase slippage in the Josephson eft€étThe 70=D(1—1) _ (18)
grain boundaries can be likened phenomenologically to ei- Te

(16)

is the normalized barrier height for the thermally activated
phase slip, withl .(T) being the critical current. Assuming

both materials drops abruptly at the superconducting transis, - length(0).5* Therefore a resistanck, is produced
spread of the tailing effects, a temperatdigindicating the ;¢ given in the Ambegaokar-HalperitH) modef? by
with a relative coefficient better than 0.999, is made in the 5=
grain-boundary resistance provides the main contribution. At
T.(offsed; its pressure derivative is affected by the tail's
that | (T)x(1—-T/T.)" (Ref. 53 then
thermal noise in the dc Josephson eff&dte., the thermally
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Fits of Eq. (16) to the normalized resistand®,/R;, mea-
sured under selected pressures, vilittandn being the free
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FIG. 13. The reduced tempera-
ture (T/T.) dependence of the
normalized resistanc®,/R;, in
the tail region for textured
Bi,Sr,CaCyOg,y. Squares, the
measured data; lines, AH-model
fits with different values for the
parameterD. (a) P=10"* GPa.
Dashed line,D=300; solid line,
D =400; dotted line,D=500. (b)
P=0.71 GPa. Dashed line,
D=400; solid line,D=500; dot-
ted line,D =550.

Kamo® observed that the temperature dependence of the
critical current density . of a Bi,S,CaCyOg, , tape with a

parameters, are shown in Fig. 13: the fitted lines have beesilver sheath obeyed the granulaN-S theory. However,

calculated witm=2 andT, determined at each pressysee

analysis of the critical current density in granulafii)-Ca-

Sec. I). TheT, values used to determine the best valu®of Sr-Cu-O films indicate&-1-S—type behavior for the 2:2:1:2

for the selected pressures are presented in Table |, togethphase but S-N-S type for
with the phase slippage starting temperatlise According

the 2:2:3:2 phase; for

YBa,Cu;0;_; films that the junction type could b&-1-S or

to the theory for granular superconductors, a value of 2 folS-N-S depending on the manufacturing procedifre.

the exponenh would correspond to aB8-N-S junction:
However, the nature of a Josephson junction in highsu-
perconductors is still

controversial.

55,56

Deutscher and Mier>* noted that in highF, superconduct-
ors the short coherence lengft®) causes the superconduct-
According to theing order parameter to be depressed at the interface and sur-

Ambegaokar-BaratoffAB) theory, the critical current den- face, and that at temperatures closd tahe decay length of

Sity j.*<(1—T/T,) for a S-1-S junction, while for aS-N-S

the superconducting wave function in both the insulating and

junction j.o<(1—T/T.)207°8 In studies of the transport the normal metallic regions is of the order0). As a result
properties of highF, granular tapes, Okada, Tanaka, andj.<(1—T/T.)? in both theS-1-S and S-N-S junctions®?
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Considering the energy gap depression in the AB theoryfor D.>! From work on transport properties of epitaxial
the temperature dependence of the critical curtemearT,  YBa,Cu0,_; films, Friedl et al®® obtained 800 forD.
can be expressed s Wang® quoted aD of 1550 obtained from work on a

) ) YBa,Cu;0;_ 5 bicrystal Josephson junction. Equati¢20)
mA i (0) T indicates thaD is proportional toA2(0) and the reciprocal
(M=o (1- =] . j
4eR\kgT, Te

of the productR;, andT,. In the present work, the value of
T. used is similar to those of the Y 0O,_s materials,

whereA;(0) is the energy gap at the interface of the junction c ! S S BaLO7- !

at T=0 K. By considering Eqs(17) and(18) and keeping in

while that ofR;,, (=15 m() at atmospheric pressyris much
smaller than those(1-7.5)) of the YBaCuO,_

mind thatDis a temperature-independent fitting parameter ( ) ALY

we may assume

materials’ This implies that the value ofA;(0) for
Bi,Sr,CaCyOg,, is 10 times smaller than that of

(19

A%(0) YBa,CuzOy_ s
Do ——. (20)
I:ejn-rc
V. CONCLUSIONS
Hence a relationship between the pressure derivative of the )
coefficientD and the energy gap can be derived as Measurements of the pressure dependence of the in-plane
normal-state resistance of a textured,3jCaCyQOg,,
d InD dInA;(0) dInRj, dInT, high-T, superconductor have been made and compared
dP dP  dP _ dP (2D with those previously reported for monocrystalline

o ) Bi2.2(Sr,Ca)2.8Cu208+y.1 While a number of properties are
Therefore, the pressure derivative of the in-plané)) can  common to both types of material, others are characteristics
be estimated for textured f8r,CaCuyOg, . Using the data of the granularity of polycrystalline superconductors.
for Rjn (Table ), d InRjn/dP has been estimated as 0.087 (1) The pressure derivative |npab/dP of the normal-
+0.043 GPa' andd InD/dP as 0.31-0.01 GPa'. Substi-  state in-plane resistivity of textured Bir,CaCyOg
tution of these values and 0.88.01 GPa' for s —849%+0.2 GPal, similar to that reported for
d InT{"/dP into Eq. (21) yieldsd InA;(0)/dP=0.12£0.02  some BiSr,CaCuyOg., single crystals but much small-
GPa ', showing how the width of the in-plane energy gap ater than that (—25.5%+0.2 GPal) of monocrystal-
the interface of the junction increases with increasing prestine  Bi, (Sr,Ca,Ct,05,,.> The volume derivative
sure. This accounts for the shift of the tail structure in thed InR,,/d InV of the normal-state resistance of textured
R-T curve under pressure. With a wider energy gap the bar|_=,i23r2c51c;gzo8+y (2.01+0.06 is much smaller than that for
rier height for the thermally activated phase slip is higher-BiZSrZCaCLgongy single crystals. Part of the reason for this
Since a higher thermal energy is required for the phase slipmall value is that the pores or cracks in this ceramic mate-
to occur, the resistand®, produced by the phase slippage atrial reduce the influence of pressure on the mean-square lat-
temperatures beloW, decreases with increasing pressure.tice vibrational amplitudé?, and therefore reduce the effec-
The resistance tail shifts to higher temperatures accordinglffive Grineisen parameteye.
This is the reason why the pressure derivatit@ﬁ/dP of (2) A temperature dependence 6finR,,/dP found for
textured B}Sr,CaCyOg,  is larger than that of monocrys- textured BjSr,CaCyOs., alone, especially below 200 K, is
talline Bi, Sr,Ca, ¢C,0g. . The decrease iR, results i caused by thermodynamic fluctuations of the superconduct-
an increase in critical current between the grains. Hencéhg order parameter and is affected by presg#ig. 4.
grain-boundary linkage is enhanced by pressure. A relation- (3) The temperature derivativiéInR,,/d T extracted from
ship obtained from the AH model and the AB expression the linear part of th&R-T curve between 190 and 290 K is

[Eg. (22)], pressure dependent and has a minimum at 0.4 GPa.
(4) The pressure derivativesT./d P of the superconduct-
A_Toc kBTC\/R_J'n 22) ing transition temperatur€; are determined as 1:.3, 1.8
Tc  244(0) +0.2, and 3.6:0.2 K GPa! at the onset, midpoint, and off-

can be used to check the assumptions used to obtain E

Eet of theR-T curve in the transition region, respectively.
(21); AT is the superconducting transition width. Using Eq.

or textured BjSr,CaCyQg. ,, thermodynamic fluctuations

29) it be sh that influence the pressure dgpendean{bnse}. Thg pressure
(22) it can be shown tha dependence of ;(offsed is affected by weak links across
dInAj(0) 1dInR;, _dInT, dInAT grain boundaries whilst the pressure derivativel gimid) is
aP "2 dP "% dp  ar (23)  unaffected by these effects. The pressure derivative

dTMYdP falls in the range measured for most Bi-2:2:1:2

In this workd INnAT/dP=0.08+0.03 GPa' is obtained from  superconductors: in polycrystalline materialsT/dP is
the pressure dependencelof .(mid). From Eq.(23) and the  mainly determined by the intragranular superconducting
results ford INT"YdP and d InR;,/dP, we have obtained state, and its value is unaffected by the interactions between
d InA;(0)/dP~0.08+0.05 GPal, in reasonable accord with grain boundaries under pressure.
the value(0.12+0.05 GPaY) obtained using Eq21). (5) A value of —1.4 has been obtained for the volume

The valueg400-500 of the coefficienD determined for  derivatived InT./d InV of textured BySr,CaCyOg, . This
textured BpSr,CaCyOs . , are smaller than those determined result confirms the previous findihgthat the value of
for YBa,Cu0;_ 5 materials. The study of a YB&u;O;,_; dInT./dInV for Bi,Sr,CaCyOg,, is between the values
grain-boundary Josephson junction provided a value of 135@redicted by the BC$%$—1) and the RVB(—2) theories.
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TABLE I. The values of the parameters used to determine thdyoundaries on the resistance in texturegSBiCaCyQOg.
coeffic_:ientD in Eq.(1_5) at selected pressuréBq is the temperature shows that the Ambegaokar-HalperfAH) model fits the
at which the weak-link effects commendgy, is the normal-state  reduced temperature dependence of the normalized resis-

resistance of the junctions across grain boundaries. tanceR,/R;, in the tail region of theR-T curve. The junc-

- tions formed by the superconducting grains and grain bound-

Tc(mid) aries are S-N-S-like with 1 (T)oc(1-T/T.)2. Under

P(GP3 (£0.2K D (*10 Tq4(£05K) Rjy (£0.05m))  hygrostatic pressure the temperatuFg, at which a tail
1074 89.2 400 86.0 14.73 structure in theR-T curve starts, increases and the tail struc-
0.35 89.6 450 86.6 14.58 ture shifts to higher temperatures. By using the AH model
0.53 89.8 470 86.9 14.50 and the Amlbegaokar-Barato(fAB) expression for the criti-
0.71 90.4 500 875 13.71 cal current?! the pressure derivative InA;(0)/dP of the

energy gap;(0) at grain boundaries has been estimated as
0.12+0.02 GPal, i.e., the energy gap increases under pres-

sure. Hence under pressure the potential barrier for the ther-

(6) The effects of hydrostatic pressure on thermodynamiGna)ly activated phase slip of the superconducting parameter
fluctuations of the superconducting parameter of texture@aitwveen grains gets higher and the resistaRgeroduced

Bi,Sr,CaCy0Og, , have been investigated. An gnalysis basedOy the phase slippage at temperatures beTopwdecreases
on the AL approach shows that the fluctuations have tWoyith increasing pressure, which results in the shift of the tail

dimensional character betweey and 115 K. However, gy ctyre. The intergrain critical current increases under pres-
there is an ambiguity in the dimensionality from 94 to 100 K, g ye. The value of\;(0) for textured BiSK,CaCyOs,, is

which may caused by the inhomogeneities or disorder of thgpoyt 10 times smaller than that of Y&,0,_,.
textured material. Applying hydrostatic pressure enhances

the thermodynamic fluctuations. At temperatures when
Ine>—1 the reduced excess conductivityo(e)/osgg in-
creases by about 20% at 0.71 GPa. As pressure is increasedWe are grateful to the Engineering and Physical Research
the characteristic thickneskof the 2D system changes non- Council (EPSRQ for financial support. We would like to
linearly. The value ofl is reduced by about 20% at a pres- thank K. C. Goretta of the Argonne National Laboratory for
sure of 0.71 GPa. supplying the sample of textured Bir,CaCyOg,, and B.

(7) Study of the effects of weak links across the grainChapman for x-ray-diffraction spectroscopy work.
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