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The effects of planar hole concentratign,and magnetic field on the resistivify(T), of high-qualityc-axis
oriented crystalline thin films and sintered YCaBay(Cu,,Zn,)30;_s samples were investigated over a wide
range of Ca, Zn, and oxygen contents. Zn was used to suppress superconductivity and this enabled us to extract
the characteristic pseudogap temperatdre(p) below To(p)[=T.(x=0,y=0)]. We have also located the
characteristic temperatur@sy, marking the onset of significant superconducting fluctuations afigviEom
the analysis op(T,H,p) and p(T,p) data. From this we are able to identify (p) near the optimum doping
level where the values af* (p) andTs(p) are very close and hard to distinguish. We again found THap)
depends only on the hole concentratiprand not on the level of disorder associated with Zn or Ca substitu-
tions. We conclude thaf) T* (p) (and therefore, the pseudogagersists belowl .o(p) on the overdoped side
and does not merge with thEy(p) line and(ii) T* (p) and the pseudogap energy extrapolate to zero at the
dopingp=0.19+0.01.
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I. INTRODUCTION mental situation is often thought to be rather inconclusive
_ regarding the origin of the P&?
One of the most remarkable phenomena in higreup- The evolution ofp(T) with p provides a way of establish-

rates is the observation of the pseudogap in the spectra @ig theT-p phase diagram of higfi; superconductoréHTS)
charge and spin excitations? The pseudogagPG) is de-  and can give estimates aF (p), which is identified from a
tected by various experimental technigtiéover a certain  characteristic downturn ip(T). One particular difficulty as-
range of planar hole concentratiops(the number of added sociated with this method is that wher= Popt [(Where T (p)
holes per Cu@plang, extending from the underdop€dD) s maximuni, T* is close to the temperaturd@,, at which

to the slightly overdopedOD) regions. In the pseudogap the effect of SC fluctuation is clearly seengfTr). This is not
state various anomalies are observed both in the normal ang problem for theories belonging to the first group where
superconducting SO states, which can be interpreted in T*(p) itself is essentially derived from strong SC fluctua-
terms of a depletion of the single particle density of states.tions. For the second scenario, this poses a problem as SC
A number of theoretical explanations have been proposed dhictuations(and superconductivity itselfmask the signa-

to the origin for the PG, which is believed to be an essentiatures of the predicted PG in the vicinity ¢ind below T..
feature of the physics of the normal staldS) and possibly ~ With the notable exception of specific heat measuremehits,
of the SC state. Existing theories of the PG can be classifiethost experimental techniques are unable to track the pre-
broadly into two categories. The first is based upon incoherdicted T* (p) below T.(p). One way of avoiding this is to
ent Cooper pair formation fof <T* well above the SC tran- suppress superconductivity with a magnetic field and reveal
sition temperatureT.,*~® with long-range phase coherence the normal state below,, because the PG is comparatively
appearing only aff<T,. In this scenarioT* may be the insensitive to magnetic fielf.In practice this is very hard to
mean-fieldT.. T* (p) merges with theT(p) phase curve in accomplish because of the large upper critical fiélg,, of

the OD region(p=0.20 where the pair formation tempera- the hole-doped HTS. The other way is to destroy supercon-
ture is essentially the same as the phase coherence tempediactivity by introducing disorder, e.g., by alloying with Zn.
ture. In the second scenario, the PG is ascribed to fluctudBecause of thal-wave SC order parameter, Zn suppresses
tions of some other type that coexist and generally competeuperconductivity most effectively and, like a magnetic field,
with superconductivity. The most popular picture here is thahas little effect oriT* irrespective of hole concentratidr:°

of short-range antiferromagnetitAFM) fluctuations, but We took this second route to look far* (p) below Teo(p),
similar effects have been attributed to charge density waveshough we also employ magnetic fields to help distinguish
a structural phase transition or electronic phase separation dretween SC fluctuations and PG effects.

a microscopic scalée.g., the stripe scenajié1® One key In this paper we report a systematic study of the trans-
constraint, which may rule out many of the above models, igort properties of the superconducting compound
that the single-particle density of states has a mysteriou¥; ,CaBay)(Cu;_,Zn);0;_s. We have measured resistivity,
states nonconserving property in the PG stafEhe experi-  room-temperature thermopowe,290 K], and the AC sus-
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ceptibility (ACS) of a series ot-axis oriented thin films and served evolution op,,{y) we previously inferred that super-
sintered Y _,CaBay,(Cu_yZn,);0;_s samples with different conductivity for this system is at its strongest at
levels of Zn, Ca, and oxygen contents. The motivation forp~0.185}"?2as this remains the last point of superconduc-
the present study is to locafe* (p) from the evolution of tivity at a critical Zn concentratioridefined as the highest
p(T) of Y123 with different amounts of Zn and Ca extending POssible Zn concentration for which superconductivity just
from UD to OD states. While pure Y123 with full oxygen- SUTvives, considering afl values. This point has been made
ation(6=0), is slightly overdoped, further overdoping can be earlier in other stud|é§ and the valugp~0.19 is indeed a
achieved by substituting 3% by C&*. The advantages of special value at Wh'c.h the PG. yanlshes quite abruptly, as
using Zn are() it mainly substitutes the in-plane G sites, seen from the analysis of specific heat data of a number of

: ; o different HTS cuprate$-23
thus_ the effects of.planar impurity can be StUd'e.d (if‘)dh(_% The hole concentration was varied by changing both the
doping level remains nearly the same whenZus substi-

X X oxygen deficiency and the Ca content. We have obtained
tuted by Zn, enabling one to look at the effects of disorder o,om both resistivity and low field ACS measurements

various normal and SC state properties at almost the Samgy  =0.1 Oef=333.3 H3. T, was taken at zero resistance
hole concentratio®*° From the analysis op(T,p) and (within the noise level of 10 Q) and at the point where
p(T,p,H) data we extracted the dependence of the charac- {he |ine drawn on the steepest part of the diamagnetic ACS
teristic temperature®* and Ty, and find that indee@™ falls  cyrve meets tha-independent base line associated with the
below Teo, providing strong evidence for the second sce-pegligibly small NS signalT, values obtained from these
nario, namely that the PG arises from a correlation indepengyo methods agree within 1 K for most of the sampgve

dent of, and coexisting with, superconductivity. placed particular emphasis on the determinatiop ahd T,
as accurately as possible because of the extreme sensitivity
Il. EXPERIMENTAL DETAILS AND RESULTS of various ground-state SC and NS propertieptd his is

especially true near the optimum doping level, where, al-

Single-phase  polycrystalline  sintered samples  ofthoughT(p) is nearly flat, the SC condensation energy, su-
Y1CaBax(Cuy-yZn,)30;_s were synthesized by solid-state perfluid density, PG energy scale and other quantities change
reaction methods using high-purity>99.99% powders. quite abruptly and substantially for a small change in
The details of sample preparation and characterization can g11.23-25
found in Refs. 16 and 17. High-quality-axis oriented thin Patterned thin films with evaporated gold contact pads
fims were grown on(100 SrTiO; substrates using the and high density(89% to 93% of the theoretical density
pulsed laser depositiofPLD) method. Details of the PLD sintered bars were used for resistivity measurements. Resis-
parameters and characterization of the films can be found itivity was measured using the four-terminal method with an
Ref. 17. ac current of 1 mA77 H2), using 40um diam. copper wire

The NS and SC properties, includinff, of HTS are  and silver paint to make the low resistance contacts. We have
highly sensitive top and, therefore, it is important to deter- tried to locate the PG temperatuf®, with a high degree of
mine p as accurately as possible. The room temperature thegccuracy. At this point we would like to emphasize that
mopower, $290 K], has a systematic variation with for  T*(p) may not represent a phase transition temperature but
various HTS over the entire doping range extending frominsteadksT* (p) is some kind of a characteristic energy scale
very UD to heavily OD regime$} also 9290 K] is insensi-  of a lightly doped Mott insulator, reflecting probably the en-
tive to in-plane disorder like Zn and the crystalline state ofergy of correlated holes and spiHs.As discussed
the samplé? For these reasor§290 K] is a good measure previoush?? plots of dp(T)/dT vs T and [p(T)-p.] vs T
of p even in the presence of strong in-plane electronic scalyield very similarT* values(within +5 K) (p. is a linear fit
tering by Zrf* ions. For all our samples we have used p -=b+cT in the highT linear region ofp(T), aboveT*).
§290 KJ*° to determinep. Using these values ¢f, we find  Actually dp(T)/dT vs T is more useful in the sense that it

that the parabolid@ (p) formula? given by gives a more general measure for fiie(p) [characterized
T.(p) by an increase in the slope pfT) in the vicinity of T*], than

== =1-Z(p~ Popy? (1)  the deviation from the high-linear p(T). UsingT*/ T as a

Te(Pop) scaling parameter, it is also possible to normapz€). The

is obeyed for all samples. Usually, for Zn-free sampi@s, result of the scaling was shown in Ref. 22, where, leaving
and po, take universal values of 82.6 and 0.16, aside the SC transitions, all resistivity curves collapsed rea-
respectively’! but these parameters increase systematicallponably well on to on@-independent universal curve over a
with increasing Zn conterf In the present casé, increases Wide temperature range.

from the usual 82.6 for the Zn-free sample to 410 for the It is important to note that Zn does not change THep)
6%-Zn sampl& and p,y rises from 0.16 for the Zn-free values but it suppressas(p) very effectively. For example,
compound to 0.174 for the 6%Zn-20%Ca sanfdl@dhe T*(p~0.115~250+5 K for both Zn-free and the 3%-Zn
physical meaning of these changes in the fitting parameters samples bufT, itself is suppressed from 70 KZn-free to
that as the Zn content is increased, the region of superco®9 K (3%-Zn).22 Similar results have been obtained for Zn-
ductivity shrinks and becomes centered on higher values cfubstituted Y123 by other studi&&This very different Zn-

p, before finally forming a small “bubble” aroungl~0.19  dependence fof, and T* has often been stated as an indi-
and disappearing completely fgr0.1172223From the ob-  cation for the non-SC origin of the P,

054502-2



DOPING PHASE DIAGRAM OF.. PHYSICAL REVIEW B 71, 054502(2005

Magnetotransport measurements were made usir@xan 0.5 . . . . ;
ford Instruments superconducting magnet system. The ‘
sample temperature was measured usi@@emoxthermom-
eter with an absolute accuracy 6f50 mK. For thin film 04,
samples magnetic field was always applied alongcthsis,
perpendicular to the plane of the film. We have locatgd
from the analysis op(T,H) andd?p(T)/dT? vs T data, in the
T range fromT, to ~T.+30 K. Here we have used the facts
that (i) p(T,H) becomes strongly field sensitive only below
Tse, Where experimentally we find that conventional strong
SC fluctuations set in quite abruptly, biit is unaffected by
magnetic field, at least foH up to 12 Tesla andii) p(T)
shows a much stronger, and progressively accelerating,
downturn atTs than that present &t*. As a consequence,
plots of d?p(T)/dT? vs T mask the PG feature and visually
enhance the effects of SC fluctuations ndgg. This is 0 ()
clearly seen in Fig. 1. Notice that for nearly identical values ' P '
of p (=0.134+0.004, both the sintered and the thin film 0 50 100 ;(5;)) 200 250 300
samples with different Ca contents have almost the same
values forT* and ATy, whereATg=Tg—T.. The sintered 1.4 ; . , . .
sample has a much larger resistivity due to the percolative
effect and larger contributions from the grain boundaties. 1.2
We have defined . from d?p(T)/dT? as the temperature at ’
which strong and accelerating downturn @iT) becomes
evident nearT,. dp(T)/dT and d?p(T)/dT? were obtained
numerically from thep(T) data.d?p(T)/dT? is particularly
sensitive to any noise in the data, in some cases smoothing
over a temperature window of 1 K was used. This does not
affect the location off s in any noticeable way because the .
final divergence ofd?p(T)/dT? is so abrupt. Linear fits of o
p(T) in the temperature range fromT.+35 K to T.+25 K 04F
also locateT; within £2.5 K (see the insets of Fig.) 2Ex-
traction of T from the p(T,H) data is shown next in Fig. 2 02}
for both sintered and thin film sampl€B, from p(T,H) is L
characterized by the onset of strong magnetic field depen- 0 . . . , .
dence in thep(T,H) data. In summary, three different meth- 0 5 100 150 200 250 300
ods[including the linear fit ofp(T) to locate the onset of the TK)

strong deviat.ic.)n inp(T) frqm linearity near thg supercon- FIG. 1. Resistivity data for(@) Yo.eCapoBaCOrs (To
ducting transmoﬂ)are applied and all of them give the same _g; g K,p=0.133,To=105 K, andT* =210 K) thin film and (b)
Valug of Tg.s to within +2.5 K. ' Y 0.86C3 2B&CU07_5 (T,=81K, p=0.136, T(=107 K, andT*

Figure 3 showsT.(p) and Ts{(p) of two representative =202 k) sintered sample. Insets show the identificationdfand
sintered 20%-Ca samples with 0%-Zn and 4%-Afis{p) T, Notice thatd?s(T)/dT? is completely featureless &t. [ de-
is insensitive to Zn conterily) (see the inset of Fig.)3and  notes[p(T)-p_r] data andO denotesdp(T)/dT data. The dashed-
is also found to be independent of Ca contegtand crys-  dotted straight lines in the insets are drawn as guides to the eye.
talline state of the sampldsee the inset of Fig.)3 o

We have modeled the evolution AfT..(p) from the tem-  *+50 K) of the p(T) data. The AL contribution to the fluctua-
perature dependence pfat high temperatures and from the tion conductivity for a two-dimensiona(2D) supercon-
Aslamazov-Larkin (AL) contribution to the fluctuation ductor, Ac®t, is expressed &, Ac*-=[e?/(16hd)]c™,
conductivity?® It is widely accepted now that the Wheree=In(T/T;) andd is the periodicity of the supercon-
Maki-ThomsoR® contribution to the fluctuation conductivity ducting layerdd~11.7 A for Y123, assuming that the CyO
is not important for cuprate superconductors due to the predilayers fluctuate as one upitin the AL analysis we have
ence of strong pair breaking effects for ttievave SC order takenT, at zero resistivity(within the noise level Figures
parametef®32As far as the second temperature derivative of4(@) and 4b) show a comparison of the measurédlepen-
the resistivity is concerned, a simple AL type analysis yieldsdence of d?p(T)/dT? and that of d°p(T)/dT?, where
the same result as a more rigorous theoretical analysis of the/ pi(T)=1/pgg(T) +Ac”t(T). We see that?p(T)/dT? and
fluctuation conductivity. We show this in Fig(a. The ex-  d?p(T)/dT? show remarkable agreement. In Figajwe
cess conductivity due to superconducting fluctuatiba(T),  have also shown the theoretiafp,.e{T)/dT? following a
can be defined a&8a(T)=1/p(T) - 1/pga(T) wherepgs(T) is  rigorous analysis of the fluctuation conductivity incorporat-
the background resistivity taken as the higHit (T>T, ing the Lawrence-Doniach parameter and an appropriate en-
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FIG. 2. Determination offs from p(T,H) data. Main panel,
[p(H=6 Tesla/p(H=0 Tesla] vs T data. Insetsp(T) and its linear
fit (the dashed-dotted thick straight lineearT, andd?p(T)/dT? (a)

Y 0.8C8 2Ba(CUy 972Ny 093075 (sintered, p=0.185, and T,

=45.8 K),

(b) Yol 20B(Cly 96ZN0 043075

(sintered, p

=0.198, andl,=36.7 K), and(c) Y g 9=Ca g:BaCuzO;_ (thin film,
p=0.148 andl.=85.2 K). The straight line in the main panel @)
is drawn as a guide to the eye.
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FIG. 3. (Color onling Main panel, T,(p) andTs(p) for sintered
Y 0.8 2B&(CuyyZny)307_s. Inset, ATgc(p) for sintered and thin
films of Y, ,CaBay(Cuy_yZn,)30;7_5 Zn and Ca content andy)
are shown in the figure.

ergy cutoff, using the procedures adopted in Refs. 32 and 33.
Here, 1 pwored T)=1/pga(T) +Act(T) where, AcEY(T) takes
account of short-wavelength fluctuation effects present at
high reduced-temperature regiols Figure 4a) clearly il-
lustrates that locating.; from d?p(T)/dT? is not affected in
any way by the presence of finite fluctuation conductivity at
high reduced temperatures. In falp(T)/dT? nearT, and at
higher temperatures is insensitive to different theoretical
scenario®3233for SC fluctuations which may be discernible
in p(T) up to 3T.. Our aim was only to study the strong SC
fluctuation near the transition temperature so fffatan be
distinguished fromTg. A rigorous recent analysis of thin
film data has also found the paraconductivity to be indepen-
dent of the PG? We have also compared the amplitudes of
the fluctuation conductivity for sintered and thin film
samples with similaiT, (both Zn substituted and Zn-free
and found them to be almost identical. Similar results were
obtained by earlier studié.

In an effort to understand the systematic trends\if
shown in the inset to Fig. 3 we have examined various terms
in the second temperature derivative @f(T) as follows.
Writing

1 1
PolT)  pac(T)

where C=¢?/(16Ad), we obtain(ignoring the insignificant

terms
dthot (ptot)2< 1 ) 2
— =Cl— | | )]y-—-1¢.
dT? € T2 g

Now, assuming # to be the threshold value of the second
derivative for which we can identify a characteristic tempera-

+Ce™, (2)
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T(K) o 1
: 00705 1 15 2 25 3 35 4
010 p(T,) (M cm)’
= S0 FIG. 5. [(eee Tee)/ (2 +e5e)] Vs pA(Toe) [see Eq.(3)] for the
5 sintered Y giCe ,Ba(Cuy_Zny)307_s samples. Zn contenty in
g 410%L %) are shown in the figure. The dashed straight line is drawn as a
p guide to the eye.
% 1510°) ; <0.14. Figure &a) shows the p(T) data of sintered
b TR Y 0.80C%.20B3(Cly.96ZMo 04307-5 for p=0.174+0.003. The
216° ( ) LT , insets of Fig. 6 clearly show the downturn associated
100 150 200 280 300 with the PG at around 80 K. It should be noted tfatof
TK) this compound is 43 K andl,=62.5 K (see Fig. 3

FIG. 4. (a) Ppoy(T)/dT?, Ppigd dT?, anddp, e dT vs T for Figure @b) shows a similar a_malysis for sintered
optimally doped YBaCu;O,_s thin film (T,=92.4 K,p=0.163 and YO-SOC%-ZOBaZ(C%-98¥n9-015)307‘5 with p—O.l??i0.0(lS.
(b) d2p(T)/dT2 and d?p,/dT2 vs T of an underdoped sintered The p(T) features of this compound once again shoWw*a

Y 0.06Ca 1BaCU0;_s sample(T,=83 K, p=0.149. Arrows indi- 80 K with now aT. of 54 K andTs=73 K. Considering
cate T Insets showp(T) and its linear fit(dashed-dotted straight the facts thaff* (p) values are the same irrespective of Ca
line) near the superconducting transition. and Zn contentgat least for the level of substitutions used in

the present study,?? and T.o.max fOr pure Y123 is 93 K,

ture T=Tyy then the above equation becomes, after soméheseT*(p) are substantially below the respectifeg,(p)
rearrangements values(~90.5 K) (see Fig. 8 A similar result is shown for

Y 0.05Ca 0B (Clh 0eZNo.07307-5  thin  film — with  p
=0.167+0.003T.=63.6 K, andT,=80 K in Fig. 6c). No-
tice thatT*=92.5 K of this film almost coincides with its
Teo(p) ~92 K. In the insets, the blue shaded parts show the
where, es=IN(Tsef/ To) @and pser=prod Tse)- We have plotted  range of regions of extremely strong SC fluctuations extend-
the left-hand side of Eq(3) versus experimental values of ing down fromTto T.. For comparison the error bars on
p?(T in Fig. 5 using the approximatiop,(Tse) ~ p(Tse).  T* are shown by the yellow shaded regions. This illustrates
A remarkably linear trend is found and this gives furtherthat these two regions can be clearly distinguished, and that
credence to our fluctuation analysis. The decreasing trend ithey both fall significantly belowT. This study, to our
AT, with increasing doping shown in Fig. 3 is therefore knowledge, is the first instance whef®* (p) has been
primarily associated with the decreasing absolute resistivityracked down belovl,(p) from any transport measurement,
as summarized by E@3). although of course this has effectively been done earlier by
Once we have locatetl, we are in a position to look at analysis of specific heat data by Lorahal3'! and NMR
T*(p) [below T(p)] for Zn substituted samples. There is data by Talloret al3®
one disadvantage of Zn substitution that can hamper the The field dependence of* and Ty for two thin film
identification of T* from p(T) measurements, namely, Zn samples with different values @f (one is UD and the other
tends to localize low-energy quasiparticl€3P) and induces is slightly OD) are shown in Fig. 7. It is clearly seen that
an upturn inp(T). This upturn starts at increasingly higher T* (p) is completely field independent up to 12 Tesla while
temperatures as decreases and, to a lesser extent, as the Zfis(p) is strongly field dependent and shifts to lower values
content increases, and thus can mask the downturn due to théth increasing magnetic field just as itself does. A mag-
PG atT*.1322|ndeed, the upturn temperatui&,;,, has been netic field of 6 Tesla decreas@s by (5+1) K for the two
found to scale withT* and is evidently also associated with compounds shown in Fig. 7. This clearly relafgs; to su-
the pseudogap, trending to zero s> 0.19% In this study  perconductivity andr* to a different type of correlation. In
we have taken care of this fact by confining our attention toFig. 8 we construct a doping “phase diagram” for
the p(T,p) data for lower Zn contents in the UD regigp Y ,_,CaBay(Cuy_,Zn,);0;_5 including the PG energy scale,

3 2
Escf 2.~ Cpet 3)
2+¢ scf '

scf n
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Y 0.80C8 2B&(Cly 95 Mg 019307-5 (P=0.177+0.003, and(c) thin
film of Y g sCay oBa(Cly 9ZNp 02)307-5 (P=0.167+0.003 Top
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FIG. 7. (Color) Magnetic field dependence &f and T (@) A
second slightly overdoped g¥%:Ca, osBax(Cug gZNg 92)307-s thin

film (p=0.168+0.003 andT,=64 K)

and (b) an underdoped

Y 0.95Ca& 0BaCW0;_s thin film (p=0.148+0.003 and.=85.2 K).

=1.3+0.] is a certain proportional

ity constatftThis figure

clearly shows thaff* and T, have very different doping

dependence, most importantly so

falls almost linearly to zero gh=0.
same trend as found fdy(p)/Kg.

inset showsi?p(T)/d T2 data. Notice that’p(T)/dT? is featureless

at T* (yellow region in the bottom insgtTis also marked in the

Ill. DISCUSSIO

bottom inset. The straight lines in the bottom inset are drawn as a
guide to the eye. Strong superconducting fluctuations persist in the From a careful analysis of the resistivity data we have
been able to tracki* (p) below T(p). At this point we
would like to stress once again that (p) values obtained

blue region.

Eq(p)/kg, from specific heat measureme?ﬁsfg is the en-
ergy scale for the PG anéy(p)/ks~ 6T (p), where (6

same for polycrystalline and sing

054502-6

in the OD regions. In par-

ticular T* (p) does not merge witfi, in the OD region but

19+0.01, following the

N

from p(T) are independent of the crystalline state and are the

le crystal sampfe€on-
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FIG. 8. (Colon Characteristic pseudogap energi€g and [
Ey/kg) for Y,,CaBay(CuyZn,)30; s The thick black dashed

[ PSR T A I SIS

line shows T(p) for pure Y123, drawn using Eq(1) with 0 50 100 150 200 250 300
Teo-max=93 K. The thick black straight line is a guide to the eye. T(K)

The dashed blue line represents the large asymmetric error bar as- FIG. 9. Two examples wher@.=T* (see text for details
sociated with the data point for ggCép ,Ba(Cly 9ZMNp04307-5 () Y .9dCa 1B@(Cly 98ZN0.019307-5 (p=0.180+0.003 andT,
(p=0.184+0.0038 compound(see text for detai)s =64 K) and (b) Ysa 2Ba(ClygeZNgosd307-5 (P=0.184

+0.003 andT.=42.25 K).
sidering the disordefZn and Ca independence ol * (p),

our findings confirm that the PG exists in the SC regiontions' Consequentl§* must lie below 79 K in this sample.

below T, and T* (p) does not merge witi(p) in the OD (i) Another example is ¥sCa 2B3(Clo 0ZNo.0ds07_s
region as proposed by various precursor pairing scenarios f%th p=0.184+0.003 which hag.=42.25 K andp(T) is
.184+0.003, . .

PG. As explained |n* the present work, if one is unable 0,041 oyer 310 K to 60 K. A marked and accelerating down-
distinguish betweei* (p) and T.{p), one can easily be led turn in p(T) starts at~58.5 K. We expectToy to be T,

to the wrong conclusion that* (p) exi;ts forp>0.-19 and + AT~ (42.25+16.5 K=58.75 K for this sample. Thus for
merges withT.(p) on further overdoping. AsT. is ~T, this compoundr* <58.5 K, much less thaffi,~ 89 K.

+22 K near the optimum doping level, .the (:_Ipse_proximity Ts(p) has been taken as the onset temperature of strong
betweenT,; and T* makes an accurate identification of

- SC fluctuati in th t study. The disorder ind -
very difficult unless bothT. and thusT. are suppressed uctuations I the present stucy. ' he disorder ndepen

by some means that does not affétt. Zn serves this dence ofATse(p) (inset of Fig. 3, a simple AL-type analysis

purpose very well. Unfortunately, we have been unableOf p(T) data(see Figs. 4 and)>and the magnetic field de-

to track T* (p) for samples withp>0.180 with enough pendence off g strongly support this assumption. Disorder

accuracy. This is becaudé (p) decreases very sharply with and magngtlc' field SUppress batly(p) gnd TSC‘(p.) in the
. : . same qualitative way, unlikd* (p) which remains unaf-
increasingp [compared with the decreases T(p) and fected

Tsfp), see Figs. 3 and]8and becomes very close to or '

even goes belowTy and eventually T (p).>t We dis-
cuss further the following examplegssee Fig. % (i)

Y 0.9C8 1Ba(Clg 05Ny 015307-s With p=0.180+0.003 has
aT.=64 K andp(T) is linear over 310 K to 80 K, then a
marked and accelerating downturn pfiT) starts at~79 K.
Considering the Zn and Ca independenceAdt,(p) and  doping range and compositions. We have shown THdip)
T*(p), we expectTyy to be T,+AT~(64+17 K=81 K, falls belowT(p) in the OD side, does not merge with(p),
where AT~ 17 K is read off the inset of Fig. 3. So this and the extrapolate@* (p) becomes zero g1=0.19+0.01.
downturn at~79 K must be the onset of strong SC fluctua- We have also extracted a characteristic temperaliyg,at

IV. CONCLUSIONS

In summary, we have analyzed resistivity data to deter-
mine theT* (p) of Y,_,CaBay(Cuy_,Zn,);0;_; over a wide

054502-7
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which strong SC fluctuations become detectable. It is per-
haps surprising thal is so well-defined experimentally in

all our samples, but the very differept H, and Zn depen-

dence of T* and T points towards their different origins,

e.g., Tslis related to precursor SC, whereshas a non-SC

origin. This also agrees with a recent fluctuation CondUCtiVityacknowledges the financial support from the Commonwealth

dicholarship CommissiofUK), Darwin College, Cambridge

study over a wide range of hole content by Cureasal.®?
where paraconductivities were found to be independent

the PG vanishes at a critical dopir,;~0.19, and coexists
with SC for p<0.19112% Recently Krasnovet al. have

reached similar conclusions based on their intrinsic tunnelin

spectroscopy studies of Bi-2212 single crystai¥.

0
the presence of the PG. Our findings support the picture pr
posed by Loranet al. based on their specific heat study that
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