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Doping dependence of the in-plane penetration depth and fishtail
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We report on the London penetration deptf,(0), measurements, and second péhldetermination in
Bi,Sr,Ca _,Y,Cu,0g, 5 (Bi-2212) crystals with different doping levels. By combining cationic substitutions
and oxygen pressure annealings, crystals with a doping state going from the underdoped to overdoped regime
have been obtained. The corresponding(0) values, deduced from reversible magnetization measurements
have allowed us to evidence a “boomerang” shape for'ltg[a/)\ib(O)] curve in the 0.& T, /TP¥<1 region.
Moreover, other‘l’c[llxgb(O)] values for superconducting crystals of Hg- and Tl-based cuprates are found to
fit well with this boomerang path, demonstrating its universal nature. The overdoped side of the boomerang for
the Bi-2212 crystals clearly shows that\ig(O) decreases as the doping level is increased. Since by the same
time the characteristic field of the fisht&ll monotonously increases, we have thus establishedtfiatreases
with 1/)\§b(0) decreasing. Consequently, the linear relaffba d)O/)\gb(O) predicted by the electromagnetic
model cannot account alone for the present experimental results in the overdoped regime.
[S0163-182608)04546-9

[. INTRODUCTION wherel ,, is the London magnetic penetration depth drgl
is the flux quantum. As the anisotropydecreases, the tun-

In recent years, the large number of studies devoted to theeling Josephson current effect increases and it becomes pre-
superconducting cuprate fir,CaCyQOg, s (Bi-2212) have  dominant whenys<\,,(0); a transition is therefore ex-
enlightened the peculiar behavior of its magnetic phase diggected to occur aB.=B;=®,/(ys)?, wheres describes a
gram for the geometridlic. One of the most intriguing fea- length scale in thec direction and is associated with the
tures is the magnetic hysteresis anomaly, whose signature iiepeat distance between superconducting planes or group of
a second peak on the magnetic hysteresis loop, that has alptanes(in Bi-2212,s=c/2~15 A).}!
been observed in other many type-Il high-temperature super- As far as it is known, the vortex state in Bi-2212 is in the
conducting (HTSO cuprates(see Ref. 1, and references limit where electromagnetic coupling is dominant over the
therein, as well as in Ge/Pb superlattideand organic Josephson coupliny.Corroboration of this statement is
superconductors. The corresponding enhancement of thegiven by both a recent magnetic relaxation measurement in
persistent current density in a field parallel to thaxis has  Bi-2212 (Ref. 12 which predicted a transition aB
been interpreted with models based on increased pinning b—¥<I>0/)\§b(0), and auSR stud)]/l which also found such a
oxygen deficient siteeffect of surface barriersyortex and  jinear relation betweeB... and 1A 2 (0)
defect matching, and dimensional crossovérin a highly o bt
anisotropic material such as Bi-2212, the mixed state can b
described in terms of two-dimension&D) vortices (pan-

cake vorticeswhich are confined to the Cylanes and are this case, starting from the most underdoped state, the zero
coupled from one layer to another by JosepfAsamd

electromagnetit coupling. When the coupling is strong temperatqre,u,SR relaxation .ratecr(O?ocnS/'mgboc l/_)‘ézlb(o)
enough, the concept of vortex line can then be meaningfufWherens is the superconducting carrier pair density anfgy

In Bi-2212, both muon-spin rotatioquSR) and small-angle S the in-plane effective magéirst increases as the doping
neutron scatterindSANS) experiments reveal a transition State increases, then reaches a maximum value in the slightly
from a lattice of flux lines to a lattice of pancake vortices in overdoped region, and finally decreases as the doping level
a region of the(H,T) diagram which coincides with that increases in the overdoped region. In other words, #®
where the magnetization second peak appé&see Ref. 10, turnback means that the curiig[ 1/\3,(0)] exhibits a boo-

and references therginHowever, although such a dimen- merang path. However, since the second peak field position
sional crossover explanation for the fishtail feature is backedegularly increases from the slightly underdoped to the
up by further experimental studié$less is known about the strongly overdoped stat@s shown, for instance by Kishio
underlying parameters which govern this transition. It is ex-et al® for Bi-2212 crystal§ one must clarify this discrep-
pected that for highly anisotropic compounds electromagancy between the proposed Iinéiaer,ocll)\gb(O) relation, the
netic (em) coupling is the dominant coupling mechanism be-observed proportionality of this characteristic field with the
tween pancake vortic€dn this case, a crossover behavior is doping state and the existence of a boomerang path for the
expected for B, values aroundB.= Bem=<1>o/)\§b(0), Tc[ll)\gb(O)] curve.

Nevertheless, this picture has to be compared to the
“oomerang” path foreshadowed by Uemued al.'® and
then completed through additionaSR experiment$**° In
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The growth of BjSnCa_,Y,Cu,0g, s (Bi[Y]-2212 95 e - T
crystals has allowed us to vary the doping state from under- [ o AG ]
doped to overdoped through the controlled substitution of 90l e P /”\ ]
Y3t for C&".118 We have thus investigated the behavior ] O . ]
of A,,(0), asobtained from magnetization measurements,
with respect to the doping state for our series of ~ 85r /
Y-substituted HiY]-2212 crystals. In this paper, we report ) i
on the evidence of a boomerang effect for Thg1/\2,(0)] = 80 L ]
relation for B[Y]-2212 crystals whose doping state is [ / ]
controlled by both the Ca/Y3" substitution and also by [ * ]
oxygen pressure annealings. Our results suggest that for the 75 r /
most overdoped crystals, the second peak magnetic fields *
can no longer be explained with the electromagnetic 70 L : L
model. However, comparison with more isotropic super- 0.0 01 02 03 04 05
conductors, such as JdPh, :SLCaCy0;., 5 (TZI([)Pb]-lzlz,19 x (EDS)

Hgp §C Uy ,Ba,CuQ, Hg[Cu]-1201), and

Hgg:s\/;géazaéuo;; a(Hg[V]-l(Zog][),ﬂ] shov? that even the FIG. 1. T, versus Y contenk (deduceq from EDS analys$ifor
most overdoped B¥]-2212 crystals remain strongly aniso- CrYStals of the BiSpCa,_,YCu,0g. 5 Series, as-growrAG), and
tropic superconductors in contrast with the thallium-based\€" annealing under oxygen pressurg, ).

and mercury-based materials.

framework of the London mod&from measurements of the
isothermal magnetization versus fiW(H). A fit of these
Nap(T) data in the BCS clean limit approximati@reads to

The Bib,SKCa_,Y,Cu,Og, s Crystals used in this study the extrapolated ,,(0) values. _
were grown by a self-flux method which has been described Concerning the irreversible measurements, the hysteresis
elsewherd? This earlier paper also described the structuraloops of our crystals exhibit, at certain characteristic tem-
investigations undertaken to check the quality of our crystalgeratures, the anomaly referred to as the fishtail effect. In the
and to analyze their cationic compositions. In the following, field-ascending branch, the peak of complete penetration at
the different compositiongx) of our Y-substituted single Hp is followed by an unexpected second peak@f.. A
crystals will be referred to as the final analyzed crystal comirror image of this second peak is also observed on the
position (x=0.21, 0.28, 0.36, and 0.43In summary, com- reverse leg of the loop & ;,~Hmax- In previous studies,
position analyses were determined from energy dispersivthe Hy.,, value was found to characterize the fishtail effect
x-ray spectroscopyEDS) with a Kevex analyzer mounted (see Ref. 1, and references thejeind referred aslgp (SP:
on a 200 kV electron microscope. For each batch, a represecond pegk This latter was usually considered to be less
sentative as-grown crystal exhibiting a typicdl, was temperature dependent in Bi-2212 with regard to the strong
crushed to prepare the grid for electron microscopy. Thalependence of its value in less anisotropic compound such as
compositions were established by averaging the values ob¥BaCuO? Nevertheless it slightly increases aslecreases.
tained from EDS on at least twelve fragments. For each cryson the opposite, thél value corresponding to théM/dH
tal, a slight scatter in the data for the Y/Ca ratio was ob-peak is found to saturate towards low temperature as re-
served. In particular, one must emphazise that this effect igorted previously> Moreover the authors of Ref. 25 ob-

maximum fpr the highesg yttrium concentrgtion:(0.43), served that this low temperature valuefcoincides with
and is estimated to 10%. This observation fo+0.43 4o uSR crossover fiel®* (5 K). In the following we will

I(SA_I%%T%SO/ESTS vlz;tk;n I::i)mbprgrailgonswter:ct?lgdt'vrl gaggio:ag}sg:?nthus refer toH as the characteristic field of fishtail effect.
other crystals (6x=0.36) that exhibid T:%=% *values in
the range 3-5 K8 Consequently, the result obtained for the . RESULTS
x=0.43_c_rystals prec_ludgs further extensive study on these Doping state in the BbLSr,Ca,_,
composition. The resistivity along theaxis, denoteg,, is 3 o
determined by using a dc technique. Crystals were contacted We have recently demonstratéd® that substitutions of

by using a direct configuration. The contacts were made bjPW concentrations of ¥ on the C&" site lead to a set of
attaching gold wires with a silver paint on evaporated silverSamples with differenT values. The final EDS determined
stripes(two on eachab face of the crystal The current is Y contentsx and their corresponding, values® are shown
then applied along the axis between two facing contacts in Fig. 1. We have added the data of Y-rich crystals
and the voltage drop is measured parallel to it. This simpldX=0.43) and those corresponding to crystals witk 0,
contacts configuration results in good estimatgof as dis-  0-21, 0.28, and 0.36 which have been strongly overdoped by
cussed in Ref. 22 for Bi-2212 crystals. The magnetic propannealing under oxygen pressurePq(=100 bar, T
erties were investigated using a dc superconducting quantum 540 °C, time=12 h). We interpret this development af;
interference devicdSQUID) magnetometer with magnetic around an optimum value of 91.5 K for the as-grown crystals
fields up to 5.5 T along the axis. For the experimental (see Fig. 1in terms of a competition between two distinct
details of the reversible and irreversible measurements, seghenomena. As shown previously for ceranfitghe in-

Ref. 18. Thex ,,(T) values of our crystals are deduced in the crease ofx is accompanied by a continuous increase of the

Il. EXPERIMENTAL

Y, Cu,Og, 5 Crystals
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TABLE I. Characteristic parameters of Bir,Ca _,Y,Cw0Og. 5 Single crystals.

Doping T. pe Nap(0) 1/\2(0) Do/\5(0) H
X state (K) a, (Qcm) A) (10" A~?) (G) (G)
0.43 ubD 86 453 210+20
0.36 ubD 88 4.56 0.40.1 2980+10 1.13 235 256:50
0.28 ~OPT 91.5 4.67 3.20.5 2590-15 1.49 310
0.21 oD 89.5 4,75 42 1900+15 2.77 575 38620
0 oD 82 4.84 G2 2220+20 2.03 420 24610
0.28:’02 oD 81 2280-15 1.89 400
0.21P02 oD 77 230G6:15 1.92 390 556:25
0P02 OD 73 4.64 0.90.1 2590-20 1.38 310 506:50

oxygen content. This oxygen uptake is too small to exactlyported for ceramicé’ Moreover, previous studies in Y-free
compensate the3/Ca" valence substitution, resulting in a Bi-2212 crystals, report a systematic decrease of the out-of-
regular decrease in the number of holes in the Cplanes plane resistivity p.(T=300 K) with increasing oxygen

as the Y content increases. This mechanism of partial com-content?®2° This has been ascribed to the improved metal-
pensation tends to become less and less efficient s licity of the [ BiO]., layers(p. decreasgeas the oxygen con-
creases. The initially, slightly overdoped Y-free Bi-2212 tent increase®. We indeed observed @, decrease fronp,
(T.=82K) can thus be driven to an optimum doping state,=6=2 ) cm to p.~0.9€) cm after heavily doping a=0
corresponding tx=0.28 (T.=91.5 K), and also to the un- crystal, in agreement with results of Refs. 28 and 29. In this
derdoped regime for higher Y conterits=0.43,T.= 86 K). respect, although the doping level decreases m&reases,
This hypothesis of increasing oxygen content with increasinghe monotonousp, decrease observed in the[Bi-2212

x in our crystals has been confirmed from both the study otrystals, (x=0, p.=6*x2Q cm; x=0.36, p.=0.4*

the incommensurate modulation as reflected in the value dd.1() cm) (see Table )l confirms that the oxygen content
the g, vector, and from transport measurements. The deincreases withx. As a result, the as-grown, heavily
crease ofg, with increasingx (x=0.21, q,=4.75 to x  Y-substituted crystaléx=0.36 andx=0.43 must already be
=0.43,9,=4.538is comparable to the order of magnitude strongly oxygenated, explaining why it is not possible to
decrease observed in tlke=0 crystal with annealingfrom  modify their T, by annealing under oxygen pressusee
g,=4.84 without annealing tg,=4.64 after annealing un- Fig. 1).

der oxygen pressuydsee Table )l The similar decrease of So, the Y for Ca substitution, as well as oxygen doping,
g, for both Y-substituted and Y-free Bi-2212 crystals sup-provide a good way to span the whole range of doping, from
ports the hypothesis of an increased oxygen uptake with inthe heavily overdoped to the underdoped regime. Since the
creased Y concentrations and is consistent with results rédTSC'’s are characterized by an approximately parabolic de-
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FIG. 2. T./T{™ versus hole doping for different as-grown 10 1/)\ab (0) (A7)
Bi[Y]-2212 crystals withk=0, 0.21, 0.28, 0.36, and 0.43, and for
Po, annealed ones denote®g,, 0.21P¢ , and 0.2®, . Here the FIG. 3. 1A2,(0) dependence of ./TT for the B{Y]-2212

curve corresponds to E¢l) assumingly'®=92 K. Thep values of  system(®), an optimized HfCul-1201 (O), overdoped HpV]-
the different compositions of the B{Y]-2212 crystals are thus 1201(<¢), and a strongly overdoped[Pb]-1212(A). The arrows
deduced from the knowledge of thély and doping statéUD:p point to the direction of increasing doping leyelThe dashed line
<0.16, ODp>0.16. is a guide for the eyes.
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pendence ofl ; on the doping level, i.e., the hole concentra- 500 , , 1200
tion p, the above results on our [Bi]-2212 crystals can be 1000 £ (8) szo ] 1000 | (P)
summarized on d.(p) curve. Preslanét al3! showed that 5 soof + 0.21] 800 b ]
1 P max R ; N 5
the relationship off ./ T; " to p is described by the parabola & 600 | 3\\o\u o Z oot ;_.!wi"’H ]
max 2 400 ¢ W 2 921 400 ¢ D*ﬁ_{ ]
T /T =1-82.6p—0.16, (1) 200 b . oEE 200 b oI
¢ 0.43
which was first demonstrated for 4a.Sr,CuQ,, s data, s o o4 os T o oa os
but also describes other systems as well such as t=T/T, t=T/T,
Bi; Py ,SK,Cay C,0s. 5 32 Although Katoet al 3 founded
that in the Bi-2212 system the value [pf,,~0.05, at which FIG. 4. Reduced temperatute T/ T, dependence of two char-

T. is maximum. is smaller than the 0.16 val f £, th ac;teri;tics fields of the fishtail feature in our[Bi-2212 crystals
c IS maximum, 1S smater tha € 0.16 value of ET), the with different Y contentx, as-grown(AG x=0, 0.21, 0.36, and

shape of theT.(p) curve was found to be similar to that ) - ) )
described by Eq(1). Since we do not have direct informa- 9'43)‘ and afteiP o, annealingPo, x=0 and 0.2}, (a): Hsp and(b):

tion on thep values of our crystals, we have supposed that! (see text

the relationship betweem, and the doping state in the Bi- . 43 15 .
2212 system, controlled through®¥ for C&* substitution 3 S expected from previous studiés, the lack of data in
and PQ annealing, is also conveniently approximated by Eq.thiS region precludes us from drawing any comparison con-
(1). Then, knowing that fox<0.28 our crystals are over- °€MnNg the evolution of AM(0) with T to the “Uemura
doped(see Fig. 1 and discussion abpwand assuming™  Plot”.** Nevertheless, in the overdoped regior\Z(0) de-

to be 92 K, the correspondirgvalues are deduced from Eq. creases quasmnearly_ wiff, as has been previously reported
(1) for each kind of crystal. This allows us to draw qualita- ©" overdoped ceramics of TI-22QRef. 14 from uSR mea-
tively the T.(p) curve for our crystalgsee Fig. 2 Never- surements. The general shape of our boomerang curve sug-
theless, there remains an uncertainty concerning the near§eSts moreover that the nearly optimized 0.28 crystal is
optimized x=0.28 composition. The hypothesis that it is slightly underdoped, justifying its position in Fig. 2. Finally,

slightly underdopedFig. 2) will be confirmed in the follow- the rather good fit of the data for Hg and Ti-based crystals
ing. with the B{Y]-2212 curve, agrees well with the expected

universal behavior for HTCSE %34

B. TJ[1/A2,(0)]: “Boomerang”
L 1hap(0)] g C. Fishtail effect in Bi[Y]-2212, importance

The resulting\ ,,(0) data for thex=0, 0.21, and 0.28 of the T[1/A2,(0)] boomerang
crystals annealed under oxygen pressure and foixth,

0.21, 0.28, and 0.36 as-grown crystals of Ref. 18 are reported Althoughfit i?hnot V\I’etl_l unt;l]grstbo?d, a C?anfc_)nh:re_lnd te_r:_ds
in Fig. 3 in the formT[1/\2,(0)] so that a direct com- o emerge for the reiationship between the fishtanl position

. . ; . . : and the doping level in the superconducting cuprates. For
parison is possible with theSR data, i.e..;T¢[o(0)] with . ) . .
#(0)x112,(0). Nevertheless, since the absolutgy(0) instance, it was shown that the carriers content increase by

I K v 4 h hev h oxygen doping or by nonisovalent cationic substitution,
values are known to strongly depend on the way they havgpigs this fine to higher fields for materials in the overdoped
been determined, the comparison witBR data will remain f(OD) regime of BpSKLCaCyOg, s 6,16,35-37 TI,Ba,CuQ;, 5

gualitative. However, in order to validate the general trend o
the observedl'c[ll)\gb(O)] behavior, we also added on the 700 s

plot of Fig. 3 data obtained from the same type of measure- : Q0"

ments, on different crystals with well-known doping states: 600 L S 1
optimized Hg «Cuy ,.Ba,CuQ,, s (HQ[Cu]-1201T.= ] o 1
96 K),%° slightly overdoped HggV, BaCuO,, s (HgV]- i ! ]
1201, T.=88 K),?! and overdoped FkPh, sSLCaCyO, 5 500 o { 0Py, 1
(TI[Pb]-1212, T.=80 K).1° This T, versus 1k2,(0) curve ) [ o ]
clearly mimics the “boomerang path” observed mSR zF_-:/ 400 | I 1
measurements. In the underdoped regim)eib'(D) increases i 43? o ]
with T., and thus with the number of charge carrigxs 300 W ° _,// ; ]
which is consistent with the 1f,(0)xns/m* relation. In L © } ; o
the optimally doped, as well as in the slightly overdoped 200 b I( 1
region, 1k2,(0) still increases with the carrier concentra- [ ]
tion; 1/7\5,)(0) reaches a maximum corresponding to i . . . . .
Nap(0)=1900+ 15 A, and then starts to decline with, 100 oie 016 018 o020 o025 oo4
whereas continues to increase. Thus, in the overdoped re- P

gion, although the normal state carrier concentragoim-

creasesns/m* decreases. This was previously ascribed to FIG. 5. Doping dependence of the characteristic fiéléor the

the progressive reduction of pair lifetime arising from pair fishtail effect in the Y-substituted series,Br,Ca, _Y,C,04g, 5 as

breaking%“'34 well as Y-free crystalX=0). Data corresponding 8o, annealed
Although an increase of lgb(O) with increasingp is  crystals(x=0 andx=0.21P,) are also added. The dotted lines are

observed in the underdoped region for our crystaée Fig. just guide for the eyes.
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(TI-2201),* and (Lg _,Sr,),CuQ, (La-214.% But the effect 10° —
of increasing hole concentrations through anionic or cationic : TI[Pb]-1212
doping must be studied over the whole range of doping in a I v
single system to draw out any general conclusion. A similar 10*
enhancement of the fishtail line as a response to an oxygen i ¥ HgfCu]-1201
content increase is observed in the optimum region from
the underdoped (UD) to the overdoped regime of
YBa,Cus0,_5%° Another investigation of Sr doping in La- g
214 ranging from the UD to the OD regime supports the f ¢ v\° T
expected increase of the second peak field going from UD to ¢
OD regime although it did not reveal any regular behaftor. 10° E
In the Bi-2212 system, the experimental difficulty in attain- ; ]
ing materials in the UD regime limits this kind of study. ]
Moreover, when this impediment has been overcome, al- ot L e
though a transition line is still observed SR, no fishtail 1.0 1.5 2.0 2.5 3.0
effect was observed in the UD region of Bi-22%#2except 107 1/>\2 (0) (2‘2)
near the optimum dopintf. This emphasizes another inter- ab
esting aspect of the Y substitution which is that hysteresis
loops for our crystals exhibit a well-marked second pea
around 20-30 K from UD to OD. The optimum composition P : . . :
(x=0.28) being the only exceptidisee Figs. &) and 4b)], E;yzf;ze:h;ezgf;sglecjfsgﬂg;gC;zS)lngOdzolpmg level obtained
the lack of a flshtall in this case has been previously related
to high J. values'’ Figure 4a) illustrates the temperature overdoped Y-free crystalx=0P), a largerH (H=500
dependence of thelgp (H/,,, field, to be compared to the

+30G) value is obtained, to be compared b= 240
low-temperature saturation of tlhe(d M/dH peak [see Fig. 410 G for the as-grown crystal.
4(b)], thus justifying the choice of this latter as the charac-  at this stage of the study it commands attention that the
teristic field for the fishtail effect as discussed in the experi-
mental section.

It is evident from Fig. 4b) that the value ofl is strongly
composition dependent. This is emphasized in Fig. 5 wher

Hg[V]-1201 ]
o ]

o
= 107k 0P, 021FP, 5
T E 2 2 E

FIG. 6. Semilogarithmic representation Bif versus K2 26(0)
kfor the B{Y]-2212, HJCu]-1201, HgV]-1201, and TPb-1212

continuous increase oH with p, from the UD regime
(x=0.43,x=0.36 to the OD one(x=0.21, x= 021P02)

ogether with the existence of a boomerang behavior of
~ . /Aib(O) with p, when going from UD to OD regime through
the low-temperature value dfl is plotted against the as- he optimum, clearly invalidate models solely invoking a

sumedp values of the crystals. One has to bear in mind her b(o) dependence & In particular, the boomerang ex-

that thep values are only qualitative. Nevertheless, two maln lead giff Kinds of brobl The fi
points emerge from this figure. First of all, the Y-free IStENCE leads to two different kinds of problems. The first one

(x=0) crystal seems to stand apart from the behavior of thé® Ithat two crystalis|th a samelLondon péanetratmr; dﬁpth
Y-substitited ones. Even though the fishtail values of the/@lu€ Aap(0) may be, respectively, UD and OD and thus

most overdoped crystalg=0 p02 andx=0.21 POz) tendto have very different values. The second one is shown on
Fig. 5 for x=0 andx=0.21 crystals. By oxygen pressure

annealing, their overdoped character can be increased, lead-
dng to higherﬁ values, although llzb(O) decreases. Conse-

join each other for almost similar doping state, thevalues

of the as-grown Y-free<=0 and Y-substituted crystals cor-
responding to smaller doping levels, do not fall on the sam
H(p) curve. The possibility to get two Bi-2212 crystals ex- quently, it is not surprising that ot[ 1/x2,(0)] data do not

hibiting differentH values though their hole carrier contgnt ~ obey theH=®4/1\%;(0) relation which stands in the elec-
is the same emphasizes the difference between the/€s  tromagnetic decoupling scenarisee Table L Clearly, the
substituted crystals and the pure Ca Bi-2212 ones. Such aa[1/\2,(0)] variation forx=0 andx=0.21(as-grownPo,)

_effecttont the sectt)nd bp?a:; stutghgeSt(j'f?,aanOtO the |°”|y indicated by arrows on Fig. 6 is totally opposite to that pre-
important parameter but that their different,(0) values dicted byﬁzdbolhib(O). Nevertheless, in this figure one

Fig. 3 may act on the pinning properties through the . . .
(Fig. 3 y pinnming propert ug can remark that less anisotropic superconducting cuprates

vortex-vortex interactions which is,, dependent as previ- o
ously reported fromuSR study of BiSr,Ca ,Gd.Cl,Og. 5 (Hg[Cu]-1201, H¢V]-1201, and TIPb]-1212 exhibit larger

ceramic® Second|y, in each series(Y-free and H values than that of $Y]-2212 Crystals. This suggests that
Y-substituted crysta)sH is found to regularly increase with for the most overdoped Bi cuprate exhibiting the highest

p. On one hand, ag decreases in the Y-substituted seriesvalue of this systemﬁ is not only driven by\,,(0) as
from x=0.43 tox=0.21, H is found to increase frontl  Suggested in the em model, but the anisotropy may be also
—210+20 G to H=380=20G. Furthermore, by oxygen important since it is probably decreased as the doping level
pressure annealing, the obtained value for the most overls increased via oxygen pressure annealing. This result is

doped crystal of the seriex£0.21) keeps increasing and consistent with the enhanced metallization of the insulating
layers observed from resistivity measurements, which is a

continues the-l(p) curve. On the other hand, the same trend,consequence of the introduction of oxygen in the BiO planes.
that is to say aH increase withp is observed for the most Nevertheless, whatever its doping state, the values of the
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Bi-2212 system lie far from those of the more isotropic sys-lar, the overdoped region of the boomerang is characterized
tems with similar number dfCuO,].. layers but with thinner by a 1A2 26(0) decrease with doping level increase as already
interlayers such as [IPb]-1212 (see Fig. 6. Thus it clearly observed on many superconducting cuprates throu§R
appears that the behavior of the Bi-2212 system, although itgieasurements. However, for the corresponding overdoped
anisotropy is affected by Y substitution &, annealing, ~crystals(x=0 andx=0.2]) an increase of the fishtail char-
remains far from those of more isotropic cuprates This mayacteristic fieldH with the doping level is observed. Conse-
explain why the anisotropy does not play the same role in thguently, thisH increase as 42,(0) decreases is totally op-
Bi-2212 system as for those systems as discussed in Ref. Bosne to the expecteH d /)\Zb(O) linear relation of the
em model. Thus, the existence of the boomerang shape in
IV. CONCLUSION Bi-2212 invalidates models which onIX involve2,(0) as
ar N _ , the underlying parameter determining tHeposition[and its
The Y** for C&* substitutions as well aBo, annealing corresponding transition line in thed,T) pland. Finally,
have allowed us to explore the doping state of the Bi-2213rom these experimental results it clearly appears that other
crystals from the underdoped regime to the overdoped onparameters must be also considered in order to interpret the
through an optimum aff,~91.5K. A boomerang path fishtail of Bi-2212 such as the anisotropy and disorder as
T2 26(0)] has been shown for these crystals. In particu-proposed in Refs. 43 and 44.
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