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The role of substantial in-plane disordersZnd on the charge transport and ac susceptibility of
Y1−xCaxBa2sCu1−yZnyd3O7−d was investigated over a wide range of planar hole concentrationp. Resistivity
rsTd for a number of overdoped to underdoped samples withyù0.055 showed clear downturns at a charac-
teristic temperature similar to that found atT* in Zn-free underdoped samples because of the presence of the
pseudogap. Contrary to the widely observed behavior for underdoped cuprates at lower Zn contentsswhere the
pseudogap energy increases almost linearly with decreasingp in the same way as for the Zn-free compoundsd,
this apparent pseudogap temperature at high Zn content showed very little or nop dependence. It also increases
systematically with increasing Zn concentration in the CuO2 planes. This anomalous behavior appears quite
abruptly, e.g., samples withyø0.05 exhibit the usualT*spd behavior. AC susceptibility of these heavily
disordered samples showed the superfluid density to be extremely low. We also discuss various possible
scenarios that might lead to an anomalous Zn-induced pseudogap in the cuprates.
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I. INTRODUCTION

One of the most widely studied phenomena in the physics
of high-temperature superconductorssHTSd is thepseudogap
phase.1,2 In the presence of a pseudogapsPGd, various
anomalies are observed in both normal and superconducting
sSCd states, which can be interpreted in terms of a decrease
in the quasiparticle density of states near the chemical
potential.3 Various theoretical models have been proposed to
explain the origin of the PG.4–12 But its nature remains an
unresolved issue up to now.

In this paper we report systematic studies of the transport
properties of Y1−xCaxBa2sCu1−yZnyd3O7−d. We have mea-
sured the dc resistivity,rsTd, room-temperature ther-
mopower,Sf290 Kg, and ac susceptibilitysACSd of a series
of sintered and c-axis-oriented crystalline films of
Y1−xCaxBa2sCu1−yZnyd3O7−d compounds with different levels
of Zn, Ca, and oxygen contents. The aim of the present study
was to examine the transport properties of YBa2Cu3O7−d

sY123d at high Zn concentration as a function of hole dop-
ing, extending from highly overdopedsODd to underdoped
sUDd states. Pure Y123 with full oxygen loadingsd=0d, is
only slightly OD; further overdoping is achieved by substi-
tuting Y3+ by Ca2+.13,14The advantages of using Zn aresid it
mainly substitutes the in-plane Cus2d sites, thus the effects of
planar impurity can be studied andsii d the doping level re-
mains nearly the same when Cus2d is substituted by Zn en-
abling one to look at the effects of disorder at almost the
same hole concentration.15,16 Most of the studies on the ef-
fect of Zn on charge transport of Y123 are limited to the
range of UD to optimum doping levels and at a moderate
level of Zn substitution. Therefore, study of the system in the
OD region with high levels of planar defects fills an impor-
tant gap.

One interesting result of the present study is that, signs of
a PG-like anomaly are seen clearly in overdoped

Y1−xCaxBa2sCu1−yZnyd3O7−d, but only in a highly disordered
syù0.055d state. This PG-like feature is almost independent
of oxygen deficiencyd, indicating that it is induced by dis-
order and not by changing the hole concentrationp.

II. EXPERIMENTAL DETAILS AND RESULTS

Polycrystalline single-phase samples of
Y1−xCaxBa2sCu1−yZnyd3O7−d were synthesized by standard
solid-state reaction methods using high-puritys.99.99%d
powders. The details of sample preparation, characterization,
and oxygen annealings can be found in Refs. 13 and 14.
High-quality c-axis-oriented thin films of
Y1−xCaxBa2sCu1−yZnyd3O7−d were fabricated on SrTiO3 sub-
strates using pulsed laser depositionsPLDd. Details of PLD,
characterization, and oxygenation of the films can be found
in Refs. 14 and 17.

Various normal and SC state properties includingT* sthe
PG temperatured are highly sensitive top and therefore it is
important to determinep as accurately as possible. We have
used the room-temperature thermopower,Sf290 Kg, which
varies systematically withp for various HTS over the entire
doping range extending from very underdoped to heavily
overdoped regimes.18 Previous studies, following the find-
ings of Obertelliet al.,18 showed thatSf290 Kg does not vary
significantly with Zn in Y123 ford,0.5.16,19Accordingly, in
this doping rangeSf290 Kg is still a good measure ofp even
in the presence of strong in-plane potential scattering by
Zn2+ ions. We have also calculatedp for all the samples
using a generalizedTcspd relation given by14,19,20

Tcspd
Tcspoptd

= 1 −Zsp − poptd2. s1d

For the Zn-free samples,Z andpopt take the usual, quasiuni-
versal values of 82.6 and 0.16, respectively,20 but these pa-
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rameters increase systematically with increasing in-plane
disorder.14,19 Using p values fromSf290 Kg and the experi-
mental values ofTc, a very good fit ofTcspd of the form of
Eq. s1d was obtained for all the samples. Figure 1 shows the
case for Y0.80Ca0.20Ba2sCu1−yZnyd3O7−d sintered compounds.
There is a systematic shift ofpopt toward higher valuessfrom
popt=0.16 for the impurity-free cased and an increase inZ
with increasing Zn content. These findings have important
consequences. IncreasingZsyd implies the shrinkage of thep
range over which the compound is superconducting upon Zn
substitution, and the shift ofpoptsyd toward higher values
implies that the superconducting dome is displaced asym-
metrically toward the OD side. This latter feature,21 we be-
lieve, is indicative of a fundamental difference between the
underdoped and overdoped regions, namely, the existence of
the pseudogap in the underdoped region and its absence in
the overdoped region.3 From Fig. 1 it is also seen that SC is
at its strongest atp,0.186, as this remains the last point of
SC at a critical Zn concentrationsdefined as the highest pos-
sible Zn concentration for which SC just survives consider-
ing all the possible doping statesd. This has been reported
earlier in other studies and the valuep,0.19 is indeed spe-
cial at which the PG vanishes quite abruptly.3,4,14,19,21–24

Tc was obtained from both resistivity and low field
sHrms=0.1 Oe; f =333.3 Hzd ACS data.Tc was identified at
zero resistivityswithin the noise level of ±10−6 Vd and at the
point where the line drawn on the steepest part of the dia-
magnetic ACS curve meets theT-independent baseline asso-
ciated with the negligibly small normal-statesNSd signal.Tc
values obtained from these methods agree within 1 K for
most of the samples.19

Patterned thin films with evaporated gold contact pads
and high-densitys85–95% of the theoretical densityd sintered
bars were used for resistivity measurements. Resistivity was
measured using the four-terminal configuration. In previous
studies4,17,19,24we have analyzedrsT,pd of a large number of
Y1−xCaxBa2sCu1−yZnyd3O7−d sintered and c-axis-oriented
thin films with yø0.05 and found the pseudogap tempera-

ture T*spd to be independent of Zn content and independent
of the crystalline state of the compoundswhich also implies
that T*spd does not depend on the properties of the grain
boundariesd. This is becausersTd for sintered samples repre-
sents mainly theab-plane properties, and essentially the
same value ofT* is obtained from therabsTd data for
c-axis-oriented thin films and single-crystalline compounds
when they have identical values ofp.14,17,19,24We have also
found clear indications thatT*spd vanishes atp=0.19±0.01
in these samples from our magnetic and transport
measurements,14,19,24 consistent with the findings from the
specific-heat measurements by Loramet al.3,23

rsT,pd of two heavily disordered
Y0.80Ca0.20Ba2sCu1−yZnyd3O7−d sintered samples is shown in
Fig. 2. As is standard practice,2,25 we have takenT* as the
temperature at which resistivity starts to fall at a faster rate
with temperature than its high-temperatureT-linear

FIG. 1. Tcspd of sintered Y0.80Ca0.20Ba2sCu1−yZnyd3O7−d. y val-
ues are shown. The straight line shows the shift inpopt with Zn. In
all casesp was determined fromSf290 Kg.

FIG. 2. Anomalous T*spd of sad sintered
Y0.80Ca0.20Ba2sCu0.94Zn0.06d3O7−d sS1d, sbd sintered
Y0.80Ca0.20Ba2sCu0.945Zn0.055d3O7−d sS2d, and scd c-axis-oriented
thin film of YBa2sCu0.93Zn0.07d3O7−d sfrom Ref. 28d. Straight lines
are drawn to locateT* . The thick vertical lines show thep indepen-
dence ofT* .
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behavior.25 It is clearly seen from Fig. 2sad that the evolution
of rsT,pd for the firsty=0.06 samplesS1d is different com-
pared to other Y1−xCaxBa2sCu1−yZnyd3O7−d compounds with
y,0.05 fshown in Figs. 3g. In this sS1d sample, there is a
very large residual resistivitysit violates the Mathiessen law,
which predicts the residual resistivity to increase at a rate
proportional to the impurity concentration, as found for
samples withy,0.05d. Also even at fairly high hole concen-
tration, sp,0.180d rsTd is nonmetallic over the whole ex-
perimental temperature range from 300 K. This may indicate
significant carrier localization induced by Zn in the CuO2
plane, but it is difficult to assess the importance of extrinsic
effects, such as grain boundary resistance and the degree of
porosity in the sintered sample. The most striking feature of
the rsT,pd data is the downturn in resistivity at around
230±5 K, almost independent of planar hole concentration
p. This downturn is somewhat masked for samples with
higher oxygen deficiencyssmallerpd because of the stronger
nonmetallic behavior over the whole temperature range.
These downturns in thersTd data are similar to those ob-
served in samples with a PGfsee Figs. 3g. But in this sample

it is unusual becausesid the PG-like feature is observed in
resistivity for a heavily overdoped samplesTc=12 K,
whereasTcmax,27.9 K for y=0.06d and sii d T* does not
seem to change withp. The former indicates the possibility
of disorder giving rise to this PG-like phenomenon, whereas
the latter shows that, in such a case, this feature is almost
independent of planar hole contentp. In Fig. 2sbd we have
shown thep-independentT* for another heavily disordered
compoundsS2d from the rsTd measurements. Although the
nominal composition for S2 from a different batch was also
y=0.06 andx=0.20, from the value ofTcmaxs=32 Kd we
think that the actual Zn concentration in the CuO2 plane is a
little lower, probably ,5.5%. T* for this sample is
,205±5 K. SeveralrsTd measurements were done for these
samples after each oxygen annealing, and measurements
were also repeated after time intervals of several months.
Each time we have observed the characteristic downturn in
rsTd at the same temperature. It is worth mentioning that for
a given value ofp, rsT,pd of S1 appears to be more nonme-
tallic than S2. We believe this is not intrinsic, but that it is
related to the different level of porosity of the samples, and
likely to be governed by the difference in their densities.26,27

The density of S2s5.93 gm/ccd was larger than that of S1
s5.61 gm/ccd. This is also supported from the values ofTcmax

of the samples that are well explained by the small difference
in the actual levels of Zn in the CuO2 planes. Extrinsic prop-
erties, such as the conductivity at grain boundaries, can have
a large effect onrsTd without having a noticeable effect on
Tc.

17,27

To explore the matter further, we have searched the exist-
ing literature extensively to find published transport data on
heavily Zn-substituted samples as a function of carrier con-
centration. Data with more than 5% Zn are rare, and when
available,rsTd measurements were often not done over a
wide enough range of hole concentrations. We have found
one source of published data28 where rsTd was measured
over a wide range ofp values for samples withy=0.07. In
that study measurements were performed on high-quality
c-axis-oriented thin films of YBa2sCu1−yZnyd3O7−d. We show
the in-plane resistivity,rabsTd,28 for YBa2sCu0.93Zn0.07d3O7−d

in Fig. 2scd. A p-independentT* is seen again at 250±5 K.
From the reported28 values of oxygen deficiencies and from
the Sf290 Kg versusd data of Zn-substituted Y123,16 we
estimate the hole concentrations to be in the rangep
=0.17–0.11swithin ±0.01d for this film. At this point it is
important to note that resistivity of this crystalline thin film
is not affected because the presence of significant grain
boundary resistance, the residual resistivity is much lower,
and the tendency toward carrier localization is also reduced.
This illustrates the role played by Zn as the principal source
of disorder giving rise to the appearance of this PG-like fea-
ture in these samples. It also appears thatT* in these heavily
disordered samples is determined by the amount of Zn in the
CuO2 plane. For example, we haveT* =205±5 K, 230±5 K,
and 250±5 K for samples with,5.5%Zn, 6%Zn, and
7%Zn, respectively. However,rsTd of 4%Zn substituted
samples shows the usualT*spd behavior as was found for the
Zn-free samplesfsee Fig. 3sbdg. This shows that the presence
of a disorder-induced PG temperature is a nonlinear function

FIG. 3. Resistivity of sad sintered
Y0.80Ca0.20Ba2sCu0.985Zn0.015d3O7−d, sbd sintered
Y0.80Ca0.20Ba2sCu0.96Zn0.04d3O7−d, and scd c-axis-oriented
Y0.95Ca0.05Ba2Cu3O7−d thin film. Straight lines are drawn to locate
the pseudogap temperatureT* . Arrows mark the usualT*spd.
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of Zn concentration and, at least in thersTd measurements, it
reveals itself only in the highly disordered state. We discuss
the possible implications and origins of this anomalous PG in
Sec. III.

The AC susceptibilitysACSd sexpressed in emu/cm3d for
both S1 and S2 is shown as a function ofp and magnetic
field in Fig. 4. Once again quite different features are seen
for these two samples compared with other sintered
Y1−xCaxBa2sCu1−yZnyd3O7−d samples withyø0.05 ssee Fig.
5d. First, the magnitude of the low-field ACS signal at low-T
is largely reduced for they.0.05 samples and shows a
strongp dependence, namely, the ACS signal reduces rapidly
with the decrease of hole content in the UD side. Both these
features are absent for other samples for up to 5%Zn concen-
tration fsee Figs. 5sad and 5sbdg. Second, the field-dependent
ACS as a function of temperature shows the same qualitative
features for both the sintered pellet and powder for S1fsee
Figs. 4scd and 4sddg, showing the absence of any couplingTc
and also the absence of any intergrain contribution to the
shielding current. The reduction in the normalized ACS in a
powdered sample simply implies that the mean grain size is
further reduced by a factor,1.4 because of grinding. The
rapid reduction of the low-field ACS with increasing under-
doping in S1 and S2 suggests that the superconducting vol-
ume fraction decreases rapidly with decreasing hole concen-
tration si.e., the London penetration depth increases rapidlyd;
whereas for a less disordered samplefFig. 5scdg, the field-
dependent ACS clearly shows the intergrain-shielding com-
ponent and the grain-coupling temperaturesTcouplingd.29

Zn is believed to destroy superconductivity on a local
scale sof the order of in-plane superconducting coherence

lengthjabd.16,30This seems to agree with ACS data for up to
5%Zn substitution where the low-field bulk ACS signal at
low-temperature showed little variation with Zn. It is pos-
sible that for heavily Zn-substituted samples the effect is not
local any more and some kind of phase segregationsbetween
superconducting and nonsuperconducting regionsd over a
macroscopiclength scale takes place. The superfluid density
in these highly disordered samples can be extremely low31

and this might facilitate this phase segregation. At tempera-
tures nearTc, the temperature derivative of the ACS signal
for the powdered samplessisolated grainsd can be used to
estimate the zero-temperature superfluid density,ns0. At
T→Tc, where the London penetration depthlsTd.a, the
mean grain size, the temperature derivative of the ACS can
be expressed asNfa2ns0g / f15Tcg,32 where N is a constant
depending on the geometry of the grains. In our calculations
we have assumedN and a to be the same for all samples
under consideration. These are reasonable approximations
because these compounds had nearly identical density and
grinding of the pellets was done in exactly the same manner.
We have calculated the fractional suppression inns0
as a function of Zn content for 3%Zn and 6%Zn
substituted samples withp=0.20±0.005. The results are as
follows, fns0/Tcgy=0.03/ fns0/Tcgy=0.0=0.48 and
fns0/Tcgy=0.06/ fns0/Tcgy=0.0=0.07. Thus,ns0/Tc for the 6%Zn
sample is reduced to just 7% of its value for the Zn-free case
at the same hole content. Whereasns0/Tc for the 3%Zn
sample is reduced to 48% of its value for the Zn-free case.
The above findings agree quite well with those obtained by

FIG. 4. sad Low-field sHrms=0.1 Oed ACS of sintered S1 as a
function of p, sbd low-field ACS of sintered S2 as a function ofp,
scd field dependence of the ACS of sintered S1sp=0.205±0.004d,
and sdd field dependence of the ACS of powdered S1sp
=0.205±0.004d.

FIG. 5. sad Low-field ACS of sintered
Y0.80Ca0.20Ba2sCu0.96Zn0.04d3O7−d as a function ofp, sbd low-field
ACS of sintered Y0.95Ca0.05Ba2sCu1−yZnyd3O7−d with different
amounts of Znsp=0.192±0.005 for these samplesd, scd field depen-
dence of the ACS of sintered Y0.90Ca0.10Ba2sCu0.97Zn0.03d3O7−d sp
=0.196±0.004d, andsdd field dependence of the ACS of powdered
Y0.90Ca0.10Ba2sCu0.97Zn0.03d3O7−d sp=0.196±0.004d. The first
inter-grain coupling temperature is shown inscd.
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Panagopouloset al.31 from their London penetration depth
measurements on magnetically aligned powderssgrainsd.

We summarize our findings regarding the PG in Fig. 6.
For comparison we have also shownT*spd for a number of
Y1−xCaxBa2sCu1−yZnyd3O7−d compounds obtained from some
of our previous studies.14,19,24The contrast in the evolution
of T*spd betweeny.0.05 samples and all the other com-
pounds is striking. For these very heavily disordered systems
T*spd is anomalous to say the least.

III. DISCUSSION

The observed PG-like features for highly disordered
Y1−xCaxBa2sCu1−yZnyd3O7−d is surprising considering the
widely held belief that the energy scale of the PG is set byp,
andT*spd either falls below or merges with theTcspd line in
the OD side. In a previous magnetic susceptibility study,
Cooper and Loram33 observed a PG-like feature in fully oxy-
genated sintered 7%Zn-Y123, where superconductivity was
almost completely suppressed with Zn. Voborniket al. also
observed a pseudogap in ARPES experiments for disordered
optimally doped Bi-2212 single crystals.34 For Bi-2212, in-
plane disorder was introduced by electron irradiation andTc
was reduced from 90 to 62 K.rabsTd was also measured but
no high-T downturn in resistivity for this 62 K optimally
doped Bi-2212 was found.34 In the light of present results, a
possible reason might be that the sample was not “suffi-
ciently” disordered, since we also did not see any anomalous
effect in our 3%, 4%, and 5%Zn samplesswhere Tc was
suppressed by,30 K, ,40 K, and ,46 K, respectively,
near the optimum dopingd. Also Zagoulaevet al.35 reported
the resistivity data for sintered YBa2sCu1−yZnyd3O7, where
for the slightly overdopedsfully oxygenatedd, y=0.08 sTc

,13 Kd compound, a downturn inrsTd appeared around
250 K, consistent with the present study. Note that all the
previous observations of disorder induced PG were for
slightly OD sRefs. 33 and 35d and optimally doped34 com-
pounds. Here we have reported this effect over a fairly wide
doping range fromp=0.205 to 0.11.

It is fair to say that there are two main effects of Zn
substitution for Cus2d in cuprates:4,19,28,36,37sid Zn tends to
localize carriers in the CuO2 planesdepending on tempera-
ture and Zn contentd andsii d it gives rise toCurie-like mag-
netic momentspossibly on the four neighboring Cu sitessin
the presence of short-range antiferromagnetically correlated
backgroundd. Recent 63Cu NMR38 and inelastic neutron-
scattering studies39 suggest that Zn enhances the AF correla-
tion in Y123. There is growing evidence that an AF back-
ground with short-range order does not exist in overdoped
cuprates withp.0.19.4 The situation in highly disordered
samples could be different, especially if there is phase seg-
regation, and only a very weak form of superconductivity is
present. Under these circumstances Zn-induced enhancement
of short-range AF correlation might be a possibility for
highly disordered Y1−xCa1−xBa2sCu1−yZnyd3O7−d irrespective
of the hole content. It is interesting to note that both the
effects of Zn substitutionsenhancement of short-range AF
correlation or/and carrier localization in the CuO2 planed can
be directly linked to the existence of the pseudogap. AF fluc-
tuation has been held widely responsible forsor at least
partly contributing tod the formation of the PG by various
theoretical and experimental studies.4,5,40,41 In another sce-
nario, using the t-J model, strong Coulomb repulsion has
been taken as responsible for both pseudogap and supercon-
ducting pairing.42 In the VHS scenario,43 the magnitude of
the pseudogap, similar to a “Coulomb-gap”44 increases with
increasing Coulombic repulsion. Disorder leads to localiza-
tion of carriers and thus weakens the electrostatic screening,
which, in turn, effectively increases the Coulomb interaction.
As Zn plays a similar role on carrier transport in the CuO2
planes, it can give rise to a pseudogap in the VHS scenario.

It is hard to reconcile any precursor-pairing picture with
this anomalousT*spd. On the other hand, scenarios in which
the PG originates from correlations that are not related and
compete with superconductivity, can possibly offer an expla-
nation. In the competing correlations scenarioT*spd and
Tcspd are detrimental to each other and the growth of one is
accompanied by the decrease of the othersat least in the pure
compoundsd. Kohnoet al.45 have in fact shown in their the-
oretical analysis that disorder can indeed strengthen one
competing phasesAFd significantly over the otherse.g., su-
perconductivityd.

The abrupt appearance of this anomalous PG-like feature
in resistivity as a function of disorder content is indicative of
some sort of threshold mechanism in action, consistent with
some recent theoretical studies.5,46 For example, in the study
by Monthoux5 it was shown that as quasiparticle lifetime
becomes shorterswith increasing scattering by spin fluctua-
tionsd, it starts to “feel” long-range magnetic order even
when only short-range correlations are present. The quasipar-
ticle mean-free path relative to the correlation length of the
short-range AF order determines the size of the pseudogap.

FIG. 6. TheT-p phase diagram. Unfilled symbols show the data
from Ref. 24fwhere using Zn and magnetic field to suppressTc we
have been able to trackT*spd below Tc0spd=Tcsp,x=0,y=0dg.
Filled symbols represent anomalousT* . Straight lines are drawn as
guide to the eye. The dashed line represents theTc0spd of pure Y123
with Tcmax=93 K. Sintered samples are denoted by s and thec-axis
thin films by f.
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As the quasiparticle lifetime decreases with Zn, it is possible
that at a certain level of Zn in the CuO2 plane the scattering
rate becomes high enough to dominate over the more gradual
p-dependent scattering. Using the Hubbard model, it was
shown that a high scattering rate leads to the removal of
low-energy spectral weight.46 In this scenario the local Cou-
lomb repulsionU is the important parameter. Heavy Zn sub-
stitution increases the scattering rate, localizes quasiparticles,
and might effectively enhanceU / t swhere t is the nearest-
neighbor hopping energyd globally. Once U.8t, the
pseudogap becomes insensitive toU and therefore, should
not show significantp dependence.46

Roughly speaking, the mean distance between Zn impuri-
ties l i in the CuO2 plane is given by,r / Îzpl, where zpl
=3y/2 andr ,3.9 Å is the distance between Cu atoms in the
plane. Fory=0.06, l i ,13 Å, close to the value of the in-
plane superconducting coherence length,jab,15 Å. Also,
when l i ,13 Å, two in-plane Cu atoms separate a pair of Zn
atoms approximately on average. This is equivalent roughly
to a situation where each in-plane Cu site contains either a
Zn atom or a localized magnetic moment at the neighboring
Cu atoms.36 According to theswiss cheesemodel proposed
by Nachumiet al.,47 charge carriers within an area of,pjab

2

around each Zn atom are excluded from the superfluid. Thus,
when l i ,jab, it is possible that the effect of Zn becomes a
bulk phenomenon rather than a local one at lower concentra-
tions. This should imply that once the distance between Zn
atoms becomes comparable to a certain characteristic length,
abrupt changes in the various normal and superconducting
state properties take place.

Another quite strong possibility is that this apparently
anomalous PG is completely different and independent from
its conventional counterpart. The systematic behavior of
Tcsp,yd ssee Fig. 1d, irrespective of Zn content, supports this
assumption. In this situation a conventionalT*spd should still
exist for highly disordered samples. Here a much stronger

resistive feature due to the anomalous PG could obscure the
features associated with the conventionalT*spd which can be
detected from thersT,pd for less disordered compounds.

IV. CONCLUSIONS

In summary, we have observed PG-like features in highly
disordered Y1−xCaxBa2sCu1−xZnxd3O7−d compounds from re-
sistivity measurements. Contrary to the situation for UD cu-
prates, the PG temperature showed almost nop dependence
over a wide range of hole contents extending from the UD to
the OD regions. The magnitude of this anomalousT*spd de-
pends only on the amount of Zn in the CuO2 planes. Both of
these indicate that the origin of this PG-like feature is in-
plane disorder. The results reported in this paper lend support
to the ARPES works on optimally doped Bi-2212, where
spectroscopic features of the electron-irradiated disordered
compound looked similar to those of UD samples.34 The
ACS results of our heavily disordered
Y1−xCaxBa2sCu1−xZnxd3O7−d show the superfluid density to
be extremely low. This might be responsible for a possible
phase segregation into superconducting and nonsupercon-
ducting regions over macroscopic length scales. The anoma-
lous T* then might be a characteristic feature of the nonsu-
perconducting phase.
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