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We investigated with ac susceptibility the mixed state of twinned, deoxygenated single crystals and highly
c-axis-oriented melt-textured samples of Y,BasOq. , With oxygen stoichometry corresponding to that of the
orthorhombic Il phase. In the single crystal we found, beldiv~700 Oe and over almost four orders of
magnitude in frequency, a frequency-independent “irreversibility litf). Complementry dc magnetization
measurements seem to disregard an IL arising from geometric effectshijfterand they suggest a possible
meltinglike transition of the flux-line lattice belowd*. The reduced value ofi* is associated with the
increased anisotropy induced by the oxygen depletion, and an upper limit of the anisotropy parameter is
estimated a/,,,,~147. However, in the twinned melt-textured sample having a major grade of disorder due
to the presence of micrometric nonsuperconducting precipitatesBAQUQ, the IL is frequency dependent
for all applied magnetic fields, suggesting a cancellationHéf in the sufficiently disordered specimen.
[S0163-18298)07613-9

. INTRODUCTION called orthorhombic Il phas@-11) of YBa,CuyOg., ,, Which
with ideal oxygen stoichiometry= 0.5 is responsible for the
After huge experimental and theoretical effort in the lastappearance of a second plateau in Théx), at oxygen con-
years, it is now widely recognized that anisotropy and disortents of 0.45:x<<0.65 and transition temperatures about
der are true keywords when interpreting the magnetic propT.=55-60 K, besides the plateau existing close4ol and
erties of high-temperature superconduci®t$SC’s).! Prop-  T.=90 K° The ac susceptibility technique is used to show
erties of vortex pinning in HTSC'’s depend on the type andthat in O-1l YBCO a sharp transition in the vortex matter
density of defects generating static disorder in the commay manifest in single-crystalline samples at low magnetic
pounds and, moreover, a same class of defects can be eields H|c. We found that the maximum fielti* up to
pected to influence differently the irreversible behavior inwhich such a transition persists is strongly reduced with re-
materials with different anisotropy. On the other hand,sPect to that of fully oxygenated YB@u;O; and it is argued
vortex-lattice transformations as detected by means of trangbat this is a consequence of the enhanced anisotropy in-
port measuremenfsac susceptibility and magnetizatiof, QUced by the oxygen content r_educt|on. Also, we analyze the
and interpreted as evidence of, e.g., melting or decouplingnfluénce that defects with varied topology have on the pos-
have been found to be strongly dependent on both the aniso_?lble transition in the vortex lattice. Th|s.|s madg py measur-
ropy and the grade of disordf.However, despite the vast ing and comparing the features of the irreversibility line in
experimental work conducted to gain insight into thesmgle-crystalllne and melt-textured samples.
disorder-anisotropy interplay, not much attention has been
focused on the study of the vortex structure in other high- Il. EXPERIMENT
materials other than the moderate anisotropic X880
(YBCO), with 6+x~7 and anisotropy parameter
y=(M, /M”)1’2~ 5-7/ and the highly anisotropic The preparation of high-quality samples in the O-ll phase
Bi,Sr,CaCuyOg, 5 (BSCCO, with y~50-200" Conse- is in the root of our experimental work. The samples studied
guently, we have begun to investigate the characteristics offere YBaCu;Og. Single crystals(SC’s) grown, in gold
the phase diagram of deoxygenated samples ofrucibles, by a modified version of the self-flux method of
YBa,CusOg.  for which, as is well documentétthe anisot-  Schneemeyeret al,’® and highly oriented melt-textured
ropy can be finely tuned by controlling the oxygen content in(MT) YBa,CusOg.:Y,BaCuQ (123:21) composites
the compound: So this system is potentially engaging in oreleaved from “quasi-single-crystalline” pieces, processed by
der to extend the studies mentioned above. using a directional solidification technique based on the ver-
In the present work we will focus our interest on the so-tical Bridgman configuratioh* The oxygen stoichiometry

A. Samples
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13 superconducting ¥BaCuG (211), about 25% in weight,
J which are roughly homogeneously distributed in the 123 ma-
0al trix .2 A small amount of Ce©(0.3 wt. %9 is also present in
’ O-1l YBCO single crystal these samples, intentionally added in order to refine the mean
size of the 211 inclusion¥. The size distribution of the
& 04r H=20e © Y,BaCuQ phase precipitates was deduced by means of an
e H// ab image analysis of scanning electron microsc¢ggM) pic-
= o6l e tures, from which the average diameter of the precipitates
= | was determined to be<1.4 um.” In this work we will
08L :’: report on two samples, a single crystal and a melt-textured
’ $ sample. The dimensions of these two samples were
o (@ 1.30x 1.23x0.22 mnt and 1.6 1.31x 0.41 mn¥, respec-
1,0 p—— 000 OOOIT tively, with the shortest length along theaxis direction.
oo —o00000 Their corresponding superconducting transition temperatures
’ v were T.=57.8 K andT.=57.4 K, as defined by the linear
7 extrapolation of the magnetization to zdsee Fig. 1
-0,2 |-
o O-ll YBCO melt-textured B. Measurements
n 04 H=20e The ac susceptibility experiments were performed in a
= H/ ab rniniaturized custom-made mutual inductance setup, consist-
E 06} o ing of a pair of carefully balanced secondary coils wound on
a long primary coil. The ac excitation fielt,. was induced
/ by an adjustable ac sinusoidal current flowing through the
08 . ; ; - :
primary coil and obtained from the internal oscillator of a
v (b) two-phase lock-in amplifie(EG&G 5210. The sample is
1,0 p——o———o-000000ee T glued to one of the secondary coils with &saxis perpen-
36 39 42 45 48 51 54 57 60 63 66 dicular to the ac field. With this device we are able to mea-

sure the ac susceptibility response in a wide range of fre-
quencies(10 Hz<f<100 kH2 and alternating magnetic
FIG. 1. Zero-field-cooling magnetization curves(af a single-  field amplitudesh,. (from 250 mOe to several Q€The sus-
crystalline and(b) a melt-textured ortho-Il Yb&uOq.,, (x~0.6)  ceptometer was incorporated in 4He gas flow cryostat
samples aH=2 Oe perpendicular to the axis. where dc magnetic fieldsl 4. up to 55 kOe can be applied.

) . . The ac field was always perpendicular to thexis of the
corresponding to the O-Il phase was adjusted by annealingympjes; while the dc field was applied always parallel to the
the as-grown samples at about 600 °C for 7 days in air andame axis If,,L H|c configuration. In a typical run of the
subsequently quenching them into liquid nitrogen. To assUrgyperiments the temperature was slowly swegT/gt<1
we are dealing with samples on the_secd’Qd/ersus_x pla- K/min) while both the in-phase\’) and the out-of-phase
teau of our YBCO sys_tem, and so Wlth samples with an O-II(VH) components of the complex voltage response, which
superstructure, the suitable annealing temperature was detey:, proportional to the change of the imaginafy(dissipa-
mined from the study of th&.(x) curves for both the SC jon) and realy’ (shielding susceptibilities, respectivel,
and the MT samples: Long annealing times seem to be e p simultaneously monitored with the lock-in amplifier.
crucial to get an homogeneous oxygen distribution in they the ac susceptibility measurements have been taken in
bulk, especially in the case of single crystals. From Z€M0%ie|d_cooling conditions,
field-cooled(ZFC) dc magnetization measurements in @ low | aqdition to the ac measurements, dc magnetization
magnetic field(2 O8), oriented perpendicular to theaxis  easyrements were carried out in a Quantum Design super-
direction, the resulting superconducting transition te.mperaéonducting quantum interference devi@QUID) magneto-
turesT, of the SC and the MT samples were determined Gy ater withH along thec-axis direction. The thermal depen-
range between 56 ar_1d 59 fkig. 1) with transition Widths — 4ence of the critical currert?® in a self-field of both kinds
[AT, (10-909% criterion] abou 1 K for the single crystals of samples(SC and MT was determined inductively, from
and less tha 3 K for the melt-textured crystals, typically easurements of the remanent magnetization versus tem-
double those found for the corresponding fully oxygenatec{;]eratur& by using the generalized Bean mtSdeel which
Staﬁ.e oxygen stoichiometrx of the samples was about T]?b:4OMi”[a(1_a/3b)]’ E.Kb being the Sample. sides lim-
X~6.55-6.60 as estimated by comparing the onset of th|t|ng the surface perpendicular to the applied field &g

: : the irreversible magnetization. Hysteresis lotdp&H) at dif-

superconducting transition, with the previously published -
i . 14 ferent temperatures=T/T.>0.95 were also recorded for
results for single-crystallié and ceramit! samples. the single crystal in the randé <800 Oe.

Concerning the microstructure of the samples, the com-
mon defe(_:tlve ba(_:kground o_f both SC and MT_sampIes is the Il RESULTS AND DISCUSSION
high density of twin boundaries, as can be easily observed by
polarized optical microscopy. However, MT samples also In ac susceptibility measurements the irreversibility line
contain a relevant amount of micrometric inclusions of non-(IL) at a given dc field and fixed frequency of the ac field is

T (K)
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FIG. 2. Dissipation peakg” as a function of temperature mea- FIG. 3. Frequency dependence of the low-field “irreversibility
sured in the ortho-Il single crystal dt=133.3 Hz in a dc field line” of the single crystalline ortho-ll YbgCu;Og., « Specimen, with
H=500 Oe parallel to the axis for different amplitudes of the the frequency in the range 13 K£ <100 kHz. The symbols cor-
alternating excitatiorh .l c. respond to the maximum of thg”(T) curves ath,.=0.25 Oe

(haeL c) for different applied dc fieldsH|/c). The crosses corre-
given by steering the criterion established by Civete spond to the dc irreversibility line obtained from the hysteresis
By reducing the value of the amplitude of the excitatigp, loops (see Fig. 6.
the dissipation peak positiof,(h,J) can be pushed to higher
temperatures and it may be located at the onset of a nonlineaitude within a temperature variation close to the experimen-
response, which is a suitable definition of the’flHowever,  tal error in the determination of the temperature position of
due to the limited sensitivity of our setup, together with thethe dissipation peak;+ 0.05 K. On the other hand, for
reduced sample dimensions, the above conditions are ne{>H* the IL is observed to shift towards lower tempera-
completely satisfied down to the lowér,. we can apply tures when the excitation frequency is redu¢gid. 3). This
while preserving a good signal-to-noise figure. Figure 2frequency dependence of the position of the dissipation peak
shows results of"(T) obtained in the O-II single crystal for appears as lines with a finite slope in the Arrhenius plots for
severalh,. values atf =133.3 Hz withH=500 Oe. We note H>H* [Fig. 4a)].
that, even though the low-temperature region of the dissipa- Since measuring at a fixed frequency ac measurements in
tion peak and the position of its maximufy both vary with  the linear regime explore a constant resistivity contour of the
hac, T, begins to saturate for values bf below 0.4 Oe. systent?° the observed low-field <H*) frequency inde-

On the contrary, the high temperature sidex{T) is seen  pendence of the SC irreversibility line might be associated
to be h,. independent within the experimental resolution,with a sharp drop in the temperature dependence of the re-
which in turn means that it lies in the region of linear re- sistance, therefore indicating that the vortex matter under-
sponse. So the maximum @f'(T) at the lowest applieth,. goes a drastic change at the irreversibility temperature
fields roughly separates regions of linear and nonlinear bef,(H). A sharp “kink” in the resistivity is usually taken as
havior for all dc fields. In consequence, we track down the ILthe footprint of a melting phase transition in the vortex lat-
at they” peak position determined at the lowest appligg, tice of HTSC's? Thus, although our ac susceptibility mea-
i.e.,h,c=0.25 Oe, and feel it is a reasonable definition of thesurements do not unambiguously emulate the transport ex-
experimental IL we shall present. periments, the appearance of a frequency-independent IL for

More relevant results have been obtained when measuring <H* strongly suggests the existence of a vortex melting
the frequency dependence of the IL for the SC, with thephase transition within the system in the low-field and high-
above-mentioned criterion concerning tlg. parameter. temperature region of thel-T diagram of the O-Il phase
Figure 3 shows the lines determined from the positions of thaingle crystal. In fact, the sharp hysteretic drop observed in
maxima of the dissipation peakg”(T) measured at the linear response resistance of oxygen stoichiometric twin-
h,=0.25 Oe for various frequencies of the ac excitation ancboundary-free YBCO crystals has demonstrated the first-
in different dc magnetic fields. A striking feature is observedorder character of the melting transition of the vortex latfice.
at low dc magnetic fieldsl <H* ~700 Oe: The defined ILis Also, a frequency-independent IL, reported for BSCCO
almost frequency independent for about four orders of magsingle crystals up to 360 Oe, with a similar experimental
nitude, within our temperature determination accuracy. Thigonfiguration as ours concernifg. andH, has been inter-
fact can be most clearly noticed in Fig@# where we rep- preted as a manifestation of a first-order decoupling
resent the Arrhenius plots of the measuring frequency as @ansition®
function of the inverse of the temperature at which #i€T) In contrast, foH>H* the transition becomes continuous
peak is detected, for different applied dc fields. The lines aas follows from the fact that the irreversibility line depends
H<H* show a change in frequency of four orders of mag-on the time scale of the measurements. Since the IL at each

|.20
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f range of field$! Some of these transitions are demonstrated
100000 | . ;2‘; 8: to be continuous second-order vortex-glass phase transitions.
; . : ggg ge Besides this, in the already mentioned ac susceptibility mea-
[ <>“.‘ O . mooge surements in BSCCO single crystalshe IL shows a fre-
10000 | © \Aa | o 200008 quency dependence down to 360 Oe, and so a continuous
E 4 3500 Ce -
: A 375008 transition forH>360 Oe.
N I : Y It is very significant that the results of Fig(e3 strongly
= S 'EN L " :
> 1000 N resemble the characteristics of the magnetic phase diagram
; | of clean, untwinned, fully oxidized YB&u;0; (Ref. 2 and
I : clean BSCCO(Ref. 3 single crystals as well, and so it is
100 |- ° ‘\‘ B tempting to conclude that the O-ll phase SC preserves those
h h characteristics of a clean system when presenting a sharp

- - N vortex-lattice transition in the low-field window of the phase
10 y ’ ' diagram. However, as already mentioned, the SC used in our

18 10001/91. . % A research contains a great number of twin bounddfiéss).
(K1) A
The presence of TB’s in YB&uU;0; has already been rec-
035 ognized as inhibitory of the manifestation of the first-order
oz Ol YBCO single crystal , phase transition in the vortex lattice whet c.?? This im-
el ot mediately raises questions about the role that the different
T 025F E types of defects play in this more anisotropic material. We
f_‘ - g discuss now the two effects that can explain why the TB’s
»'-m 0,20 - have a less remarkable effect in the phase diagram of the
> 015'_ E O-1l system. First, the oxygen-deficient samples have a
o> lower orthorhombicity factor than the nearly stoichiometric
= o0} ones'®!* this suggests the possibility that the reduction of
. the superconducting order parameter in the core of the TB’s
0,05 E is smaller in the O-Il phase, and hence the TB pinning
I E E strength is reduced. Second, and in agreement with the pre-
0,00 ‘E """ T o vious argument, the pinning of vortices in the
100 1000 c-axis-correlated TB’s could convert itself in a less effective
H(Oe) pinning process in the O-ll phase, due to the higher anisot-

ropy of this phase that leads to a quasi-two-dimensional be-

FIG. 4. (8) Arrhenius plots of the single crystal: the measuring havior of the vortex lattice. In effect, transport experiméhts
frequency as a function of the inverse of the temperature correperformed on oxygen-deficient YBCO single crystals seem
sponding to the peak of the dissipative componghtof the ac to support the idea of a weak effect of TB’s on the vortex
S.usceptibi”ty‘ measured maC.ZO'.ZS Oe fOF Severa.' applied dc¢ |5ice in the O-II state and, for example, it has been found
Zﬁ:d;(gz thg‘errf‘e%utsheIoig“‘;i“g%ﬁgg;%’%ﬁ tﬁzt‘:neﬁ ;lr?iml dthethat the angular dependence of the magnetoresistance of

P plots, ppiied Tield. deoxygenated and densely twinned 123 single crystals

(T.=56.9 K) do not display evidence of vortex pinning by

frequency can be assigned to a contour line of constant rehese planar defects in th#]c configuratior?® In addition,
sistance, the frequency dependence of the IL implies smootlorque magnetometry results also suggest that there is no
and continuous resistance vs temperature curves. That is, tispecific contribution of the TB’s to the pinning whét|c in
resistance transitions foH>H* would present low- aligned monocrystalline grains with reduced oxygen contents
temperature smooth tails and broader widths tharfarH* x=6.85%* In both cases, it was said that the oxygen deple-
where a sharp drop should be found. As can be deduced frotion makes the vortex system evolve towards a quasi-two-
the Arrhenius plots, a thermally activated process is thalimensional behavior, intrinsically linked to the increase of
cause of the smooth temperature dependence of the resistithe anisotropy, for which the planar defects become ineffec-
ity at fields higher tharH*. The activation energies corre- tive in pinning. In that sense, recently, pseudo-flux-
sponding to that process can be obtained from the slope dfansformer(PFT) measurements have shown a continuous
the Arrhenius lines. Displayed in Fig(l3) are the inverses of decrease of the-axis vortex correlation in YBCO SC's
the activation energies), as a function of fieldJ "(H). It  when the oxygen content is lowered down xe6.65, in
can be seen that the value of the energy barrier increasescordance with the enhancement in anisotropy yielded after
monotonically when decreasing the field dowrHb; there a  the oxygen depletiof® This result clearly differentiates from
discontinuity appears and the activation energies start to dihe case found with identical PFT experiments in twinned,
verge, thus indicating that the onset of the appearance of thelly oxygenated single crystals, where a flux-line structure
sharp drop in resistivity is a phenomenon clearly not attrib-conforms the vortex state below and above the irreversibility
utable to thermal activation. Broad resistive transitions, asemperaturé® In the context of PFT results, the loweraxis
opposite to the ones with the sharp drop, have been found fauperconducting coupling results in a reduced vortex coher-
clean, untwinned YBCO single crystals above a certain fieldence between pancakes lying in adjacent layers, and reveals
which it is seen to depend on the degree of disdrtfeand  possible enhanced two-dimensioriaD) effects in the O-II
also in twinned YBCO single crystals wheét|c in all the  systen?®
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Further insight into the dimensionality of the vortex sys- ibility lines implies that at this boundary the system crosses
tem can be obtained from our ac susceptibility experimentsfrom a coherent state along all the directions of the sample to
thanks to then,.L H configuration. The ac field applied par- a incoherent or liquid state where the vortices can move
allel to theab planes induces currents flowing across thefreely, thus giving support to the idea that an independent
Cu-O planes. In other words, the ac transversal field leads tivrequency IL is the sign of a meltinglike phase transition of
a flux-line tilt that penetrates into the sample up to somehe vortex system. Since the dc SQUID measurements are
diffusion length which depends on the tilt modulus of theequivalent to the ac ones with a characteristic frequency at
elastic latticec,,, and on the Labusch parameter, i.e., on theleast two orders of magnitude smaller than the minimum
pin restoring force. Therefore, we can conclude that wherirequency used in the ac experiments, the close coincidence
h,.L H our experiment is actually checking the coupling of the two IL's reinforces the frequency-independent behav-
strength between the Cu-O planes and the vortex coherenagr found forH<H*.
along thec-axis direction. In fact, our experiment can detect For H>H*, the existence of a nonzemaxis resistivity
the transition from ac-axis-coherent to &-axis-incoherent can be related to a certain degree of decoupling of the Cu-O
state. In the coherence phase there is a finite effective peplanes and so to a reduction of the phase coherence along the
etration depth of the transversal ac field while in, e.g., arc axis. In that sense, the ac IL can be interpreted as a ther-
incoherent state of two-dimensional vortices, this depth dimally activated decoupling line above which the vortex sys-
verges and the ac field is not screened at all. Taking all ofem acquires a more pronounced 2D character with a weaker
this into account, we can now draw a picture of the vortexphase coherence between planes and so a reduced length of
system properties in every region of tHeT phase diagram. the vortex line. So a quasi-2D vortex lattice is supposed to

At T<T,, the vortex lattice is supposed to be in a solidexist atH>H*. At high temperatures, the melting of this
state, pinned by the different type of defects present in thguasi-2D vortex lattice is expected to be seen from measure-
material, and with a long-range superconducting order in alments involving currents flowing in thab planes. The ob-
directions. When the ac probing weak field is applied perservation of a dc IL lying below or above the ac IL line
pendicular to this pinned vortex lattice, the flux lines startdetermined withh,J|H, depending on the frequency, would
moving through the generation of kinks produced by shorbe a probe of a possible different origin of these ac and dc
vortex segments, along tleaxis direction, jumping to new irreversibility lines aboveH* . Attributing the first one to the
positions. This tilting process is the cause of the observedecoupling of the pancakes lying within the Cu-O planes, the
dissipation all <T,. As the degree of tilt grows with thie,.  dc one could be related to the melting of the quasi-2D vortex
amplitude, so will the dissipation, thus leading to the ob-lattice. This should be able to indicate if the O-ll system
served nonlinear behavior of the systéRig. 2). As men- loses its interplane coherence at a lower or higher tempera-
tioned before, thecy, tilt modulus can also influence the ture than it loses the in-plane coherence. Nevertheless the
appearance of dissipation in the sample. An infinite tiltpseudo-flux-transformer results obtainedHat10 kOe in
modulus, due to a very rigidly pinned 3D vortex lattice, will deoxygenated YBCORef. 25 seem to be consonant with
not produce any dissipation. In contrast, weak pinning andhe present picture wheid>H*. However, further ac sus-
large anisotropies make the vortex lattice softer, decreasingeptibility measurements, but with,J|H, might also help to
the ¢4 value and causing the appearance of dissipation, asonfirm the above speculated character of the vortex system
seems to be the case for the O-ll phase SC. for H>H*, together with the origin of the dissipation origin

WhenT>T, the ac response of the system is linear, andn this range.
so the skin depth model can be used to analyze the origin of We now focus our attention on the fiett’* below which
the dissipation at the high-temperature side of {éT) the ac IL presents a frequency-independent behavior. First, it
curves. Within this model, the maximum dissipation ismust be noted that through transport experiments in clean,
known to occur when the diffusion length of fluB§ coin-  fully oxidized YBaCuw0; (T,=93 K), Safaret al.? have
cides with a characteristic dimension of the samplE ( shown that the field below which the sharp hysteretic resis-
D=5030/(pf)?=1, whereD is in cm, f is in Hz, andp is tivity transition is seen can be as high as 100 kOe, while for
the temperature-dependent resistivityincm. Considering the O-Il phase single crystal we purport a value as low as
our geometrical setup and the dimensions of the sample, it is- 700 Oe. In the case that TB’s do not play an important role
easy to conclude that the skin depth condition will be firstin the present oxygen-deficient specimen, the strong reduc-
satisfied for thec-axis direction. This means that the high- tion of H* with respect to the corresponding value for the
temperature dissipation is due to the existence of a certaifully oxidized compound should be taken as a consequence
resistivity along thec-axis direction and not associated with of the enhancement in anisotropy after the oxygen depletion.
currents flowing in theab planes as would be the case if It has been theoretically predicted by Glazman and
hadH|lc. Koshele¥’ that a 3D-2D crossover in the thermal fluctuation

For H<H*, it is significative that the frequency- dimensional regime takes place in the layered superconduct-
independent ac IL coincides with the dc IL. This can be seerfing compound aB.~ ¢, /(27y?s?), where ¢, is the flux
in Fig. 3(@) where the dc IL, defined as the field where thequanta,y is the anisotropy factor, and is the interlayer
magnetization loopM (H||c) closes and the magnetization spacing, occurring that foB>B,, the thermal fluctuations
becomes reversiblésee Fig. 6, is plotted together with the have a quasi-two-dimensional character as a consequence of
ac irreversibility lines. Considering that the dc IL has to bethe loss of the interlayer interaction. Assuming that bidr
associated with currents flowing in the Cu-O planes, whiles the crossover field described by Glazman and Koshelev,
our ac experiments, with,.L ¢, check currents crossing Bg=uoH*~700 G, and taking=11.7 A, we obtain for the
these planes, the coincidence of the tido and agirrevers-  O-Il SC an anisotropy ratio ofy=147, about a factor of 3
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i figuration concernindn,. andH,® has already been reported
O-1l YBCO single crystal K in BSCCO. In Ref. 3 the feature was interpreted as a mani-
1000 | festation of a first-order decoupling transition, a notion
[ which was reinforced by the observation of a jump in the
thermodynamic magnetizationV(.,) at the irreversibility
line. The value of the expectédd,.,’s jump AM at the vor-
tex melting transition for our system can be calculated using
slope = 1.21 the Clausius-Clapeyron equation. According to this equation
the change in entropy, in units &k, at the transition per
vortex per Cu-O layer is given by

H (Oe)

100 |

slope =1

S¢po AM dH
ag=— 2P0 2M dhin &

103 102
1-T/T wheres is the interlayer distance antH,,,/d T is the slope of
¢ the melting line foH <H* (see Fig. 3 Taking for the melt-
ing transition the entropy change calculated by Monte Carlo
simulations of Hetzelet al,®* AS=0.3g per vortex per
layer, expression(1) yields a change in magnetization of
AM=1.5x10"2 emu/cn? at a field of about 270 Oe that
can be deduced following the arguments presented in Ref.
31, and using the parameters of our system11.8 A and
larger than the already published valde&lazmann and v=147. The magnitude of the magnetization jump is very
Koshelev’ have not taken into account the effect of struc-sensitive to the anisotropy; therefore we can obtain very dif-
tural disorder in the possible phase transitions. However, it iferent step values 8710 3<6M (emu/cni)<4.0x 10?2
well known that the strength of disorder can influence thewhen using the previously published anisotropy data,
nature of the transitions in the vortex mattein our case, y=20-50° instead of our determined upper limit for this
pointlike disorder(impurities in the matrix or intrinsic lat-  parameter. Nevertheless, due to the small dimensions of our
tice disorder avoiding long-range O-II ordris likely to  single crystal, even for the best ca@kat is, assuming the
contribute in anticipatindd,,.2° Thus, our estimation of the lowest anisotropythe magnitude of the expected step is near
anisotropy ratioy may just be an upper limit for the value of our present limit of resolution for detecting changes in mag-
this parameter in the single crystal. 83 can be thought of netization as to withdraw its observation. Furthermore, de-
as a disorder-dependent field beyond which the sharp transiragnetization effects, when taken into account, could reduce
tion gives way to a continuous one, due to the increase of ththe above calculatedAM by a factor of 1/(Xn), which for
two-dimensional character of the system on increasing fiel@ typical platelet geometry will be of order of 10—100, with
and to the fact that the 2D systems are much more sensitive the demagnetization factdf.On the other hand, it was
to disorder than the 3D ones. In this contékt is not ex-  also suggested that the observation of Al jump may also
actly the field where a 3D-2D fluctuation crossover takesbe unnoticeable if global magnetization measurements are
place, as can be deduced from Ref. 27, but the field at whicherformed in a thin plateletlike crystal in the perpendicular
the system has acquired a certain 2D character so that geometry at low fields, due to the nonuniformity of the in-
critical strength of disorder is attained, enough to suppresternal magnetic field® The inhomogeneous distribution of
the sharp phase transition. this field inside the crystal implies that the transition would
Further experimental information pointing to the different take place at different values of temperature or applied field
features of the vortex system below and above a crossingt different points of the sample, thus smoothening or even
field can be found in Fig. 5, where a log-log plot of the IL of hiding the global magnetization jump.
the SC at 133.3 Hz is shown. A clear change in the slope of A highly nonuniform internal field could be due to the
the phase boundary is observed at a field closéitoas presence of geometrical barriéfsThen if geometrical ef-
determined from Fig. 3, where the transition goes from frefects were relevant in our system in the low-field, high-
quency independent to continuous: While IL's can be welltemperature region, the IL in thi$-T regime could have its
described by a power lam =Hy(1—T/Ty)“ in the whole  origin in the presence of these barriers, as already proposed
range of applied magnetic fields, fet<H* the best fit to for BSCCO below aboutH<200 Oe andT/T.>0.73
the data results im=1, while a=1.21 if H>H*. Therefore the observed frequency independence of the IL
Until now, all the results suggest to us the possibility thatcan be thought of as a natural consequence of such mecha-
the low-field features of IL's in &Il YBCO single crystals nism, which is suggested to be quasiexempt of the effects of
could represent a meltinglike transition, similar to the first-thermal activatiorf? In order to check the possible existence
order transition found in clean, fully oxygenated YBCO of geometrical effects we have measured some magnetiza-
(Ref. 2 and clean BSCC@QRefs. 3 and #single crystals. To tion hysteresis loop#(H) at T<T(H*) and in a field re-
provide further independent support for the expected firstgime crossingH*. It was demonstrated that if the entrance
order character of the phase transition, a finite discontinuityand exit of vortices in the sample are mostly driven by geo-
in the magnetization has to be fouhi.A frequency- metrical barriers, the two branches of the loop should be
independent IL, observed with a similar experimental con-asymmetric on ascending and descending fields. However, as

FIG. 5. Irreversibility line in the single crystal representedHas
vs (1-T/T.) on logarithmic scales, &t=133.3 Hz. The lines are
fits to a power lawH =Hy(1—T/Ty)* with =1 for H<H* (solid
line) and witha=1.21 forH>H* (dashed ling
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FIG. 6. Magnetic hysteresis loops of the ortho-Il single crystalseft_fie|d (zero external applied fieldleduced from remanent mag-
taken at several temperatures abd@¢i*). The field is applied petization measurements for the single crystalline and the melt-
along thec axis. textured samples. The samples were cooled under a magnetic field

of 55 kOe fromT>T_ down b 5 K where the field was removed,

shown in Fig. 6, the magnetization curviyH) look like  and then the magnetization was measured as the temperature was
those usually found when hysteresis is due to bulk pinningslowly increased up tdl.. The inductive critical currents were
the only asymmetry being the one caused by the reversibléetermined by using the anisotropic Bean model.
magnetization. So these results, in principle, deny a purely

geometrical origin of the magnetic irreversibility observed i”thought to occuP®3® Therefore, we expect that the added
H*(T). uncorrelated disorder in the O-Il system, i.e., the 211 inclu-
~ Therefore, we can conclude that the observed frequencyions, will affect the sharp transition found in the SC at low
independence of the IL, close to the linear-to-nonlineatie|ds in a similar manner as pointlike defects do when they
crossover iny"(T) below H* (Fig. 3), is due to a drastic gre incorporated in fully oxygenated, clean Y,Ba,Og. ,
change of the SC resistivity which could be related to a meltsingle crystals through electron irradiatidit has to be re-
inglike transition of the vortex lattice. The presence of amarked that the employment of MT specimens should not
large amount of twin boundaries does not seem to affect thﬁapresent a handicap for the complement of the above experi-
sharp character of this phase transition in the restricted fielghents on SC’s, since the MT samples are cleaved from a
rangeH<H*. highly oriented single-domain piece, where the submosaic
In order to consider the role of other disorder sources ORjisarrangement ranges between 1° and 6°, as observed by
the magnetic phase diagram of the O-II system we now turggreful x-ray analysis and transmission electron
to the results for the melt-textured sample. Figure 7 Sh0W$nicroscopy3.7
the critical currentJ3’(H|ic) in a self-field for both the Figure 8 shows the frequency dependence of the IL for
single-crystal and the melt-textured samples as a function ghe melt-textured sample containing 25 wt. % of micrometric
temperature. It can be clearly seen thatJf8s for the MT 211 precipitates. The comparison with the results of Fig. 3 is
specimen are higher, in almost all of the studied temperaturstraightforward: The IL of the MT is found to be frequency
range, than those of the SC and, what is even more impodependent for all dc fields, a behavior that clearly differenti-
tant, the thermal dependence of tﬂ@)’s is stronger in the ates from that in the SC, where there exist a nonzero dc
latter. These results make evident that some fundamental difnagnetic fieldH* below which the IL is frequency indepen-
ference exists between the flux pinning mechanisms in thdent. This means that the MT sample undergoes a vortex-
single crystal and those in the melt-textured sample, whictiquid—to—solid continuous transition, instead of a sharp one,
can be attributed to an active role of the 211 precipitates inn all the studied range of fields. The Arrhenius plots for the
the pinning process of flux lines: Although the mean size ofMT shown in Fig. 9 point to a thermally activated process as
these precipitates is much larger than éleplane coherence being responsible for the continuous vortex freezing in the
length, d>{,,, the 211 inclusions provide a vortex- H-T plane for the MT sample. So the comparison between
pinning—site interaction through the sharp 211/123 interfacé¢he SC and the MT phase diagrams makes evident the can-
(where the superconducting order paramétehanges dras- cellation of H* in the melt-textured sample which has a
tically), thus becoming an effective short-range interfacialsimilar T, than the SC, but extra disorder due to the presence
pinning source> of the 211 inclusions. In that sense, this result resembles the
The degree and type of disorder are known to change thprevious finding on irradiated 123 untwinned single crystals
nature of the phase transitions in tHeT diagram. In highly in Ref. 5 where it is reported that the first-order vortex-
disordered systems the vortex liquid is predicted to experiliquid—to—solid phase transition found for the preirradiated
ment a second-order phase transition into a vortex-glassrystal can be suppressed by the controlled introduction of
staté” or into a Bose-glass statewhile, in very clean sys- point defects via electron irradiation. Thus, within a global
tems a first-order transition to an Abrikosov vortex lattice iscontext, our results fall into the general contention that dis-
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FIG. 9. Arrhenius plots of the ortho-Il melt-textured sample: the
measuring frequency as a function of the temperature af'thpeak
FIG. 8. Frequency dependence of the low-fiele5 kOe,H||c

for several applied dc fields. From left to right, data correspond to
“irreversibility line” of the melt-textured ortho-Il specimen, at dif- H=100, 250, 500, 1000, 2000, 3000, 4000, and 5000 Oe.

ferent frequencies ranging between 13 Hz and 100 kHz. The sym-

bols correspond to the maximum of tg&(T) curves ath,.=0.25

strongly reduced with respect to that in fully oxidized
Oe with h,.L ¢ for different applied dc fields K.

YBCO. The extra dense noncorrelated disorder provided by
micrometric nonsuperconducting precipitates immersed in
order plays an important role in canceling possible first-ordethe 123 matrix of melt-textured samples seems to be respon-
phase transitions in the vortex structure of high-temperaturgible for the absence of a corresponding transition in this
superconductors and tuning them into continuous onesnaterial. Comparative phase diagrams for deoxygenated

Moreover, our results provide further evidence that disordesingle-crystalline and melt-textured samples have been pre-
becomes the determining parameter in controlling the differsented. As a notion, the results of the features of the irrevers-

ent behavior in systems with similar anisotropy and they carbility line in each type of system show qualitatively the
be helpful on conforming thel-T anisotropy-disorder phase importance of different disorder sources in determining the
diagram.

characteristics of the vortex state in anisotropic high-

temperature SUpeI'COI']dUCtOI‘S.
IV. CONCLUSIONS

Concluding, ortho-Il YBCO single-crystalline and melt-
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