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We present a study of flux pinning by in-plane partial dislocations in melt-textured grown
YBa,Cu;0,/Y,BaCuQ (123/211. The in-plane dislocations are generated by high oxygen pre$d@e)
postprocessing treatment as confirmed by transmission electron micrq3d&&dy. In order to characterize the
dislocation density and the perimeter to surface ré@i8R of the associated stacking faults a large number of
TEM micrographs have been analyzed. We demonstrate that the evolution of the microstructure correlates with
the oxygen absorbed by the samples during different HOP treatments. Two regimes of oxygenation activity are
identified: first, the low oxygenation regime where the PSR of the stacking faults stays almost constant but the
in-plane dislocation density is increased near the 123/211 interfaces and second, the high oxygenation regime
where the stacking faults extend over the entire 123 matrix inducing a drastic enhancement of the dislocation
density and a strong decrease in the PSR. Two contributions to the critical current density have been identified
and quantified: the weak pinning and the correlated disorder pinning. We demonstrate that the correlated
disorder comes from 123/211 interfaces and that this remains invariant with the HOP process. On the other
hand, the weak pinning contribution is associated to the in-plane dislocations and this contribution strongly
correlates with the HOP treatments. The temperature and field dependencies of the in-plane dislocations’
contribution to the critical currents are in agreement with a pointlike single vortex pinning mechanism. Finally,
we demonstrate that the dislocation pinning can be counterbalanced by wide stacking faults inducing a down-
ward shift of the irreversibility line.
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[. INTRODUCTION gested that the pinning enhancement comes from the 123/211
interface$ while others claim that pinning comes from the
It is well known that the microstructure characteristics ofdefects associated to the 123/211 interf&o&sother contro-

melt-textured grown (MTG) YBa,Cu;0;_5/Y,BaCuQ  versy is the capability of the stacking fault as a pinning cen-
(123/212 composites dominate their physical properties.ter. Some works have suggested that an increase of the stack-
Thus, the understanding and control of the microstructure aring fault density induces an enhancement of pinning
interesting challenges for the improvement of the physicakffectivenes$.But on the other hand, other authors have pro-
properties of MTG 123/211 and its applications. Since theposed that the in-plane dislocations associated to the stacking
beginning of the 1990s, many experiments have been pefaults are the real pinning centéfs! and that there is a
formed in this view. The texturing of YB&u;O,_;  competition effect between the stacking fault and its associ-
(YBCO) (123 allowed to reduce the limitation of the critical ated dislocation?*3
currents associated to high angle grain boundaridsw- We have previously showh that high oxygen pressure
ever, in spite of this advance, the gap existing between MTGHOP) postprocessing treatments allow to increase the criti-
123/211 and optimized epitaxial thin films is still quite im- cal current density up to 180% for the optimized conditions.
portant. MTG 123/211 is a ceramic composite material withThis strong enhancement is correlated with the generation of
211 particles embedded into the matrix and has a wide spedn-plane partial dislocations at the 123/211 interfaces.
trum of defectgtwin boundaries, subgrain boundaries, stack- In this work, we report a thorough analysis of the micro-
ing faults, dislocations, and microcragksvhich have a structural changes under HOP postprocessing treatments and
strong influence on the mechanical and superconductintheir correlation with the pinning mechanisms. These
properties. With the purpose of optimizing the superconductehanges are associated with the oxygenation activity under
ing properties of MTG 123/211, different approaches havestrong nonequilibrium conditiongi.e., with the oxygen
been explored such as plastic deformativand the addition available in the sample during the HOP postprocessing treat-
of nonsuperconducting phastsin particular, the effects of ment required to transform the 123 phase into a local 124
211 inclusions have been intensively studiédut the sub- and nucleate stacking faultsTransmission electron micros-
ject is still much debated. Indeed, some authors have sugopy (TEM) observations do not reveal other important
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changes of the microstructure. Thus, we have obtained byhey were mechanically polished down to 3tm and fur-
carrying out different HOP postprocessing treatments a set gher ion milled down to 100 nm at reduced voltagés kV)
samples with different in-plane dislocation density and pe-and current$0.3 mA) using a cold finger immersed in liquid

rimeter to surface rati0PSR of stacking faults while keep- nitrogen to avoid damage of the microstructure.
ing the 211 content constant. Assuming that the critical cur-

rent density is the sum of different pinning contributions, we lIl. RESULTS AND DISCUSSIONS
correlate these contributions with the observed defects. We _
clearly settle that interface pinning and in-plane dislocations A. Microstructural changes under a HOP process

associated to the interface have a distinguishable contribu- ynder HOP conditions the 123 phase is highly unstable
tion to the critical currents and that the dislocation effect calynd decomposes into a mixture of 211, Ba-Cu oxide, and

be counterbalanced by wide stacking faults. CuO according to the reactibi'®
Il. EXPERIMENT —36
4YBaCuzO;_,+ 5 +2x|0,
MTG-YBCO samples with 30 wt.% of 211 were grown
using a top seeding technique described elsevhdos- —2Y,BaCuQ+ 3BaCu;0g_ s+ CuO. (3

lowed by an oxygenation process at 1 bar and 450 °C for 120 . )

h. Single domain pieces having typical dimensions<®3 At the same time the 124 phase is more stable than the 123
% 0.3 cnt were cut from the bulk pellets and submitted to T CuO mixture. Accordingly, during a HOP process, the CuO
additional HOP treatments under constant pressur®, 'eleased during the decomposition of the 123 pli&se(3)]
=100 bar. In a first set of samples the HOP process wa$a" be inserted in the 123 matrix as intrinsic stacking faults.
carried out at a temperature of 600 °C for a period of time! U, locally the 124 phase ma'}’g be generated by the inser-
ranging from 1 to 12 h. In a second set of samples, the tim&0n of a double CuQchain layer.” The massive formation

process was kept constanttat12 h, while the process tem- of stacking faults is the principal microstructural change dur-
perature was varied af =350 oC’ 450°C. and 600°C. Ingthe HOP process. The extent of this transformation and in

These HOP samples are called H6001h, H6002h He0012iparticular the shape and size of these stacking faults are
H35012h, and H45012h, respectively. The content of the 2110und strongly dependent on the temperature and time of the

phase in the composite was confirmed by measuring thRostprocessing treatment. In order to compare the different

paramagnetic susceptibility of the sample and fitting a Curie/!OP treatments, we define the magnitude of oxygenation

Weiss law in the high-temperature range120 K). activity, 2 O,, as the oxygen available in the sample for the
Inductive critical currents and irreversibility lines were Phase transformation described by E8). This quantity is

deduced from magnetization measurements performed with @Ven by

superconducting quantum interference device magnetometer

using a 3 cmscan length to avoid field inhomogeneity. The S0,=C ftdtfzdzerfc z

typical size of the samples used in these magnetization mea- 2 7% o 2\Dt’

surements was 1:50.8x0.5 mnt. The longest dimension . . _ .
(c axi9 was placed parallel to the magnetic field in order toWhereCo is & normalizing constant depending on the applied
minimize demagnetizing effects. The critical current was cal-CXY9en pressuré, the process time duratioa,the depth of
culated from the generalized Bean critical state model, "€ sample, an® is the diffusion coefficientD is given by

20X AM D=Dge VT, (5)

' @ whereU is the activation energyk the Boltzmann constant,

XV and T the temperature of the HOP process. We have calcu-
lated the diffusion paramet& considering that the diffusion

wherel,<I, are the sides limiting the surface perpendicularajong thec axis is negligible(i.e., D,,>D,). Note that the

to the applied fieldAM is the difference between the upper erfe(x) function in Eq.(4) is the solution for the diffusion

and the lower branches of tié(H) hysteresis loops, and  equatiod®? indicating the oxygen concentration profile in

is the Sample V()lurnés.'l6 The irreverSib”ity line was de- the Samp|es_ Hencé;oz provides a dimensionless param-

duced from zero-field coole@FC)-field cooled(FC) mag-  eter characterizing the total oxygen uptaken by the sample
netization measurements as a function of temperature. ThﬁJnng the various HOP treatments.

irreversibility field was obtained from the criterion

4

ab__
Je =

1
3x1,

x| 1

1. High oxygen pressure processed 250 °C and 450 °C
Mzrc—Mec , : P :
————=0.01, 2 TEM observations did not reveal significant microstruc-

tural differences between samples processed at 350°C and
which corresponds to a critical current equivalent criterion 0f450 °C. Observations around th@01] viewing direction re-
~10-100 A/cn?. The microstructure of the samples was vealed a high increase in the dislocation density preferen-
characterized using Philips CM30 and Jeol 200CX electrortially around the peritectic 211 particles, while the regions
microscopes operated at 300 keV and 200 keV, respectiveljpetween the particles remained almost defect-free. Figure 1
TEM samples were cut parallel and perpendiculatGol). shows a bright field electron micrograph of tt@1) plane

Iv'ZFC
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300 nm

FIG. 1. Bright field electron micrograplg& 200) of the(001) ) . ) )
plane of the sample postprocessed at 450°C showing a high partial FIG. 3. Microstructure after HOP at 600 °C during 12 h. Bright

dislocation density around one 211 inclusion. Note that the dislocali€ld electron micrographg=200) of the dislocation substructure

particle is lower than in the bulk matrix. Arrowheads show a set of
taken with the diffraction vectog= 200 of a matrix region dislocations lying out of the glide plane. Faulted dislocation loops
around two 211 particles. A significantly high density of dis- @€ indicated by the black arrow.
locations around the particles which suddenly drops with the
distance from the interfaces is clearly observed. The samiag faults along the axis is kept very high. A rough estima-
area is shown in Fig. 2 undgr=110. Note that in this case, tion of the growth rate of the stacking faults from TEM mi-
the regions enclosed within the dislocations display stackingrographs indicates that it is about one order of magnitude
fault contrastdark contrast The observed contrast is in fact higher at 100 bar 100 nm/h) than at 1 bar of oxygen.
that expected for stacking faults with a {381 displace- This rapid growth, along with the highly anisotropic growth
ment vector, typically found in 123 materidfs;>* which  shape, leads to stacking faults having an enhanced perimeter
consist of the intercalation of an extra Cu€hain layer be- (length of the bounding partial dislocatipto surface ratio.
tween the two adjacent BaO atomic layé&tsNote that Partial dislocation density within a distance of 400 nm from
such stacking faults are thus equivalent to a local 124-typ¢he 211 particles may reach values up t& 20 cm™ 2.
structure. By inspection of the micrographs it can be con-
cluded that within the thickness of the sample TEM foil 2. High oxygen pressure processed 20°C

(~100 nm), several stacking faults are superposed along , . )
the viewing direction, i.e., the axis of the matrix. The shape ~ When the HOP treatment is performed at 600 °C, the mi-

of the stacking faults is highly anisotropic, thus indicating crostructure undergoes dramatic changes relative to that de-
the occurrence of a preferential growth direction along the>cribed for the low-temperature processed samples. Observa-
[100] and[010] directions, i.e., at 45° from the twirisince  tions of the(001) plane reveal an important increase in the
the contrast features do not change across the twin boundislocation density, up to 2610 cm”? within the bulk
aries, the notatioi100) will be used for[100] and[010]). matrix that is not preferentially associated to the 211 par-
From the above results, it can be concluded that upolL,icles. This feature is clearly observed in tpe 200 electron
HOP treatments at these temperatufes., 350°C and micrograph of thd00D plane, presented in Fig. 3.
450°C), only the microstructure around the 211 particles is Note that the dislocation density is even higher within the

modified by the nucleation and rapid growth of 124-typeb,””‘ matrix than around the 211 particle. _The wide_ dark
extrinsic stacking faults, in a similar way as previously ob-inges around the 211 particle are depth fringes, which are
served in samples aged for several days under f|owin§ommonly observed at incoherent boundaries when the two

oxygen® The main difference is that in this case the size of_overlapping phases scatter the incident beam with different

the faulted areas is much smaller while the density of stacklntensities. Similar to the samples processed at 350°C and
450°C, the dislocations are aligned with th&00) direc-

tions. A further distinctive feature clearly shown in Fig. 3 is
the occurrence of circular or elliptic partial dislocation loops
isolated within the matrix, as indicated by arrows in the im-
age. Striking images taken with=110, in order to image
the faulted areas, displayed dark stacking fault like contrast
throughout all the bulk matrix, thus signaling that within the
thickness of the TEM specimen, wide areas larger than
~10 um? are covered by overlapping stacking faults along
the c axis. The same image.e., Fig. 3 also shows a set of
dislocations lying out of th€001) plane, as indicated by
arrowheads. The oscillatory contrast displayed by these dis-
locations is that expected for dislocation lines inclined to the
FIG. 2. Same area as in Fig. 1 taken wijh-110. Stacking foil surface?” which in this sample is close to th@01)
faults elongated in thé100) directions appear dark. plane. Such out-of-plane dislocation arrangements are ex-
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FIG. 4. Reactive interface, viewed along {l00] zone axis of FIG. 5. Comparison of EDX analyses taken in tlag 123 ma-

the matrix. Note that the 211 particle displays short arms extendingsix, (b) secondary phase, arld) 211 inclusion. Notice that the
in the direction of thg001) matrix planes. Secondary inclusions at secondary phase is yttrium-free.

the 123/211 interface are indicated by black arrows. A microcrack is ) . .
indicated by the white arrow, the anisotropy of the elastic constant of the 123 mé&trnd

the plastic anisotropy between the 211 particles embedded on
the 123 matrix® However in this case, the most relevant
g[iving force for the generation of the observed microstruc-
ures comes from the instability of the 123 phase and the

pected to build up by a climbing process in samples pro
cessed at high temperatures, when diffusion-assisted disloc

tion movements are most likely to occdr.In order to X ) .
y tendency towards the nucleation of the 124-like stacking

observe the microstructure along tbheaxis, TEM observa-

: ! ; faults. It was clearly shown that under H&Rhe 123 phase
ions were al rform n plan rpendicul . . ) S .

tions were also performed on planes perpendiculd0ed) .is brought far from its stability field and at the same time the

An example is presented in Fig. 4 showing an electron mi- . ! .
crograph taken along tH&.00] (or [010]) viewing direction, 124 phase is _stable against a #2300 mixture. Early stu_d-

i.e., the (001 planes are perpendicular to the image. The!€S On ceramic powders showed that on the HOP region of
micrograph shows a matrix area between two neighborinéhe phase dlagrar_n, the 123 phase decomposes to a mixture of
211 particles displaying an irregular interface. By analysis o 11, ﬁ Blaz'gglgg'.de’ "’t‘rr:d to a Iowgr ex':cetrk\]t Clﬁo ar:jd occa-
several images it was concluded that the tiny straight lineg'onaly : Ince the Same region ot the phase diagram

; - rresponds to the stability field of 124, the nucleation of
correspond to stacking faults viewed edge on, stacked al()n%34-likpe stacking faults car)1/ be interpreted as a local phase

the ¢ axis. The huge density of stacking faults observed mransformation of 123 to 12%.in which the CuO is supplied

this projection is indeed consistent with the generalize(i) the local d - £123 A ted out i h
stacking fault contrast observed throughout the matrix in th y the ?fg" ecomposition o - AS pointed out in suc
studiest”*®the decomposition does not take place homoge-

observations of th€001) plane(Fig. 3. Now, turning to the . X s i
features displayed by the 211 particle, one can observe thatg(ﬁggszyebu;iéi E{g:;ergté?gz;?:ﬁéegeraa;[n;[::epg\r,%nerbound'
presents an irregular shape with short arms extending parall Indeed, the microstructures observed by TEM in our melt-

o the (001) planes of the 123 matrix, strongly suggesting a xtured samples are easy to reconcile with the above sce-

reactive interface. Indeed, between the 211 particle and th

matrix, a secondary phase indicated by black arrows, disnario. In the high-temperature-long-time regime (600 °C, 12

playing a distinctive contrast, is also obsenyathite ribbons h), where the microstructure has developed to a larger extent

correspond to holes left by small particles presumably eIimi—and can therefore be used to magnify the mechanisms oper-

nated during the ion miliing processElectron dispersive ating under softer conditions, we found that the decomposi-

x-ray (EDX) analyses indicated that the secondary phase isf\on of the matrix takes place preferentially at the 211 inter-

Ba-Cu oxide, though we did not succeed in the determinatio aces. There are several factors thaF _makg these_ places the
of its precise stoichiometry. Figure 5 compares the Epxmost favored ones for _the decomposition: first, owing to the
analyses obtained from the 211, 123, and secondary phas astic "’Tm.j thermal_ m|sma_tch betweer) the 123 matrix and
The height of the Cu peak is affected by electrons disperse 11, their mten_‘ace is very likely to p_rc_>V|de stress conditions
by the Cu grid supporting the sample and therefore cannot be" thg activation of the dep_omposmon. Second, 211 also
used to estimate the cation composition. However, the resylfeonstitutes one decomposition product and can therefore

clearly reveal that the secondary phase is Y-free, and Corpucleate and grow on the preexisting particles. .
tains Ba and Cu in good agreement with E3). A further feature of the microstructure generated in the

high-temperature regime is a dramatic increase in the size of

the stacking faults, such that within the thickness of the TEM

thin foil (~100 nm), areas=10 um? appear completely
Under HOP, the microstructure development is governedovered by faults overlapped along theaxis. At the same

by the interplay of plastic deformation and phase instability.time, the dislocation density is enhanced within the bulk ma-

Under an isostatic pressure, plastic deformation results frorrix, and in contrast to the samples processed in the low-

3. Microstructure development under HOP
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FIG. 6. () Dislocation density and®) perimeter to surface
ratio of the stacking faults quantified from TEM micrographs as a
function of the oxygenation activity. FIG. 7. Temperature dependence of the self-field critical current

density forH parallel to the[001] direction, J2°, for (O) virgin,
. . . (+) H60012h, (¢ ) HE002h, (A) H35012h, and M) single crys-
temperature regime, it becomes no longer associated to tngls. Note the different behavior between the single crystal and the

123/211 interfaces. These features can be understood takifgrg 123/211 samples. Lines are fits #°(T) describing the sum
into account that most of the dislocations introduced by HORyt hoth contributions, i.e., weak pinning and correlated disorder

are partials bounding the stacking faults that move awayinning[see Eq(8)].
from the interfaces as they grow on tf@01) plane. In fact,
observations of the microstructure on planes perpendicular tgoz_ These results are coherent with the scenario presented
(001 indicate an extremely high density of faults stackedabove_ Indeed, in the low oxygenation regime, there is cre-
along thec axis, such that the growth of additional stacking ’ |

: . ) : ation of highly dendritic stacking faults situated generally at
would be presumably impeded by interactions with the stres§ o 153/211 interfaces and in the high oxygenation regime,
field associated to the neighboring ones.

In this scenariqh . . . .
" . X . ere is an expansion of large stacking faults extending to the
additional mechanisms for the nucleation of the 124'|'keentire matrix.p 9 9 9

stacking faults are required, such as the nucleation on certain
sites within the bulk matrix providing the necessary stress . . . G
and feeding conditions. This would explain the unusual oc- B. Critical current densities and irreversibility lines
currence of faulted loops distributed in the bulk matrix. The 1. Defect contributions to the temperature dependence gf J
microstructure observed after the low-temperature treatments Figure 7 shows the temperature dependence of the critical
(350°C and 450°C) and the high-temperature treatment . ab . . .
during a short time can be considered as an incipient stage I%urre.n_t densityd;" for the H//c axis measure.d in self-field
the process of microstructural development under HOP. Un(_:ondltlons,_for samples postproc_essed at different tempe(a-
like in the sample processed at 600 °C during 12 h, here thi'es and times. A single crystal is also shown for compari-
microstructure appears dominated by the nucleation of a hig on. Ft'.rStIOf all, "’; gompfrls]??h betweten samplgs shovlvs tnat
density of small stacking faults at the 123/211 interfaces an e crl 'Cg fcurrell? thenfl Yo te pos procesise 1;&?‘185 as
within the matrix when the interfaces are locally saturated. IrfncreallseHssoorlgh tes e;npera ure dr?n?ﬁ) 0 L6U7 olr
this case, our observations indicate that the 211 particles a n:ﬁ € t'a th)Nt c:?r?r;])are OI € virgin f"”:ﬂ‘p e
as multinucleation sites for 124-like stacking faults. In this UL e_rm(_)ret,hnot ice at a q € sa(;np e; pfresten € same
way, the dislocation density around the particles may peak upe avior in the temperaturé dependencelolor tempera-
to 2x10° cm~2 while it suddenly drops down to zero ures above 35 K except the single crystal. Indeed, r_nglt—
within the bulk matrix. The high growth shape anisotropytextured .123/211 composites ha}ve been sh_own to exhibit a
combined with the strong nonequilibrium growth conditionsChange in the dom'r!a“”g é)mnmg m_echanlsméctjue to the
under HOP, result in a two-dimensional analogue of a denpresence of 123/211 interfacew associated defeCtabove
dritic shape of the stacking faultEig. 2) that maximizes the ~315 K('j o stud d te the infl f the defect
total length of partial dislocations bounding the stacking h order 1o study and separate the infiuence of the detects
faults. on th_e critical current c_iensny, we c_onslder two relevant con-
In order to summarize the microstructural changes for thénb_uhon; to flux pinning: _weak pinning cente(WP_C S,
different regimes, TEM image analyses have been perWh'Ch will mglnly be assoqlated_to in-plane dislocations, and
formed. Thus, we have calculated the dislocation density anaorrelated disorde{CD) which will account for the .1.23/211
the PSR of stacking faults for the virgin sample and sample terf_aces. The tempgrature depe.ndence OT the critical currgnt
in the two differents O, regimes(i.e., H6001h, H45012h for ensity for weak %nnmg centers Is tha_t typically observed in
the low oxygenation regime and H60012h for the hiy®, 123 single crystaf§ and may be described By
regime. The results are shown in Fig. 6. First, we see that J(T)=Jypxe T 6)
the dislocation density increases with the oxygenation activ- ¢ WP ’
ity. Second, the PSR stays almost constant for the low oxyhstead, correlated disorder theory was first developed for the
genation regime but decreases strongly for the high value afontribution coming from columnar defects generated by
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FIG. 8. Thermal dependence of the measured critical current N ]
density for the ©) H35012h sample and contributions coming F_IG. 9. Calculated critical current d_ensny(aK for (M) weak
from (dots weak pinning centerggdashescorrelated disorder, and Pinning centedyp and (O) correlated disordeicp as a function of
(line) the sum of both given by Eq$6)—(8), respectively. 2 0,. Solid lines are guides for the eyes.

o . . : about 180% inlyp is achieved akO,=1.2 as compared to
heavy-ion irradiation and twins in 123 single crystdl§ut it the virgin sample wherd,p reaches X 10° Alcm?. For

was shown that this theory could also well describe the critih- -
. . ; ighers, O, values,Jyyp decreases and reaches a value simi-
cal current behavior of 123/211 interfaces in MTG Ia?to tﬁatzof the virgj\{z sample € O,~2.2. In MTG 123/
composites’ 211 the defects that may contribute to correlated disorder are
(T2 twin boundary and 123/211 interfaces. It has been proven
Je(T)=JcpXxe : (1) that twin boundary pinning contributes tal, for

. H//[110],535~3"and to the vortex liquid viscosit§ for H//c.
The measured self-field temperature dependence of the cri Jnfortunately, there is no quantification of the twin boundary

cal current density of MTG should account for the sum of thepinning contribution in the solid vortex state wheti/c in

above two contributions: spite of Suematstet al, who have shown experimentally
- (T2 that twin boundaries act as pinning cent&rds TEM obser-
Jo(T)=Jdwpxe™ "o+ JcpXe , (8 vations do not reveal changes in the twin boundary density,

where Jyp and Jcp are the critical current densities at 0 K \(/)vuervg/glmcg)lgzlder that their contribution stays constant in all

fo*r weak and co.rrglated disorder, res.pecFiver, digdand On the other hand, Martinezt al. have shown that 123/

T* are characteristic temperatures which fix the energy scalg; 1 jnterfaces act as pinning centers and can be described by
of the pinning centers for each contribution. Figure 7 showspe correlated disorder theotthough this subject is still

the raw data of the samples perfectly fitted by E&).up to  ggrongly debated. Indeed, some authors claim that the defects
80 K where a sharp drop occurs due to the proximity of theassociated to the 123/211 interface are responsible for
irreversibility line. From these global fit results, we have pinning® Our present results demonstrate that in the low
calculated the separate contribution coming from H$. >0, regime, the 211 inclusions and 123/211 interfaces were
and (7) for weak and correlated disorder contributions, re-not modified during the HOP process as evidenced by TEM
spectively. Figure 8 presents the raw data, the global fit, andbservations. However, a strong increase in the density of the
the two separated contributions for the H35012h sample. Nodefects associated to the 123/211 interfdce., stacking

tice that weak pinning is dominant at low temperaturesfault and associated dislocationsas been clearly found.
while above 35 K there is an inversion of the weights fromFrom our results, it seems clear then that the defects created
the WPC contribution to the CD contribution. Thus, aboveby the HOP treatment are weak pinning centers. Conse-
35 K the dominant contribution comes from the correlatedquently, they do not play a role in the change of the
disorder generating the characteristic bump observed biemperature-dependence behavior of the critical current den-
Martinezet al.” in the temperature dependence of the criticalsity occurring around 35 K generally associated to 211 inclu-
current density of MTG-YBCO samples. As shown in the sions.

microstructural observations, we have modified the disloca- On the contrary, in the high O, regime a downward shift
tion density at a constant 211 concentration. Thus, we caim the dependence of the critical current density is observed
perform an analysis of the influence of the in-plane dislocain spite of a drastic increase in the dislocation density in the
tions on the critical current density. We have used the aboventire 123 matrix, indicating that the in-plane dislocation
methodology to separate the contributions coming from thesontribution can be counterbalanced by a high density of
WPC and CD. We correlate the microstructural changes viavide stacking faults.

the oxygenation activity parameter. Figure 9 showsXi@
dependence of the critical current densitie0a& for both
contributions Jyp and Jep. It can be noted thaflyp is
strongly modified by oxygenation while the correlated disor- We have studied the influence of in-plane dislocations on
der parametef]cp, remains almost constant. An increase ofthe field dependence of the critical current density and the

2. Defect contributions to the field dependence qf J
and the irreversibility line
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o: +.. -. (!“
0- P T TN .,,_@a_‘ FIG. 11. Magnetic-field dependence of the inductive critical cur-
T _J T T rent density measured at 77 K foD{ virgin, (+) H60012h, (¢)
60 65 70 75 80 85 90 H6002h, and [0) H45012h samples. Note that the highest differ-
T(K) ence between samples is localized at low fields.

FIG. 10. Inductive irreversibility lines of @) virgin, (+)  €enhanced anisotropy and a lovkyr (Refs. 41 and 4Rinduc-
H60012h, /) H6001h, (¢) H6002h, (O) H45012h, and 4) ing a downward shift of the irreversibility line and, thus,
H35012h samples. Dotted lines are fits coming from @). The  depressing the efficiency of in-plane dislocations as pinning
inset shows the irreversible field versus the oxygenation activity folcenters.

a temperature of 80 K. The field dependence of the critical current density at 77
K is plotted in Fig. 11. First of all, we want to remark that the
irreversibility line when the field is applied parallel to the critical current density is increased upon all the HOP treat-
axis. The irreversibility lines for all the samples are dis- ments. At low fields B<1.5 T), we find the more relevant
played in Fig. 10. The dotted lines are fits of the irreversibil-changes inl; induced by the different treatments. Indeed, at

ity line given by high fields all the samples tend to the same litné., they all
T a have the same irreversibility point as shown abosrcept
HlRREHO(l— 'RR) , (9  for the critical current density of the highO, regime

Te sample which decreases quickly in agreement with the strong

whereH, and « are the fitting parameters corresponding todepr(_adssiotrr]] (:ft:]he irr::‘versibility .”Te‘ A;[. '°W. fieldslz V\gla cand
the irreversibility field at 0 K and to temperature dependencgﬁ?nts' e;. at the vor e>(<j-\./o(rj.e>.<d|n ﬁrac ion lshnggflglt ?I'r?n
of the irreversibility field, respectively. Notice that there is \'at VOrtices aré pinned individually on €ach detect. -Ihus,

no relevant difference between the irreversibility lines of th We assume a smgle'vort'ex regime and a summation of the
ndividual microscopic pinning forces may be performed

low X0, regime samples and the virgin one. On the other

i i : - leading t&*3
hand, in the case of the highO, regime sample, the irre- 5 ) 5
versibility line is shifted to lower temperatures. In the inset, Jab_ méanBeVId B-124 7BENg|b] B-12
we plot the irreversibility field at 80 K as a function RO, ¢ Augpd? K Augpd?
. . 0 MoPo
The difference between the Io¥O, regime samples and the _BXB-® (10

virgin is quite low AHgg=<0.5 T at 80 K. We conclude
that the newly generated in-plane dislocations and associated

stacking faults do not modify the irreversibility line when the 2'3: %o

PSR of the stacking faults is not changee., a low>0, 181

regime. On the other hand{ gy is strongly decreased for — 1.6

the high O, regime sampléi.e., AHgg=3 T at 80 K. As E 1.4 60K

shown by Sandiumenget al.?® a strong decrease in the ir- < 1.2]

reversibility line can be linked to the creation of wide stack- o 1.07a

ing faults during a very long oxygenation process even at a 0.81 o
P O,=1 bar. For the low® O, regime, the independence of - 8'2: 77K

the irreversibility line with the HOP process indicates that 0.2]

in-plane dislocations act as pointlike pinning centers when 0.0

the field is applied parallel to theaxis® In the case of the 0o o5 o s

high 2O, regime, the strong depression of the irreversibility
line can be associated to the high density of wide stacking
faults (the mean surface of the stacking fagtl0 pm?) FIG. 12. Magnetic field dependence of the inductive critical
generated by the 123 phase transformation during the pr@urrent density for the H35012h sample @)(60 K and @) 77 K.
cess. Therefore, the vortex correlation along thexis is  Lines are fits obtained from E¢10) describing pinning by 123/211
reduced because the 124 phése the stacking faulthas an  interfaces and in-plane dislocations within the single vortex regime.

H(T)
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FIG. 13. Oxygenation activity dependence of the paramgter |G, 15. Oxygenation activity dependence of the in-plane dislo-
which is proportional to the number of pinning centérs. 123/211  cation contribution to the parametg estimated from the weak
interfaces and in-plane dislocatioria Eq. (10) at (A) 45 K, (®)  pinning contribution of the critical current-density temperature de-
60 K, and @) 77 K. Solid lines are guides for the eyes. pendence at4) 45 K, (®) 60 K, and @) 77 K. Solid lines are

guides for the eyes.
where &,,, Bc, V/d, Ny, », andb denote the coherence
length in theab plane, the thermodynamic critical induction, creation). In order to separate both contributiofie., 123/
the 123/211 interface density, the dislocation density, @11 interfaces and in-plane dislocatipits 8, we have taken
temperature-dependent weight parameter, and the Burgetise weight of each contribution determined from the analysis
vector, respectivelys is proportional to the number of pin- of the temperature dependenceJgfshown in the previous
ning centers ana gives the field dependence of the critical section. The results obtained for the in-plane dislocation con-
current density, describing the pinning mechanism. We havé&ibution 84 at 45 K, 60 K, and 77 K are plotted in Fig. 15 as
fitted the raw data obtained for the critical current densitya function ofO,. Note that the in-plane dislocation contri-
with Eq. (10) for fields<1.5 T as shown in Fig. 12 for two bution as a pinning center, as deduced from the field depen-
different temperatures. The dependenciegBoind o with dence represented by E{.0) (see Fig. 15 mimics that de-
3.0, are plotted in Figs. 13 and 14, respectively. We note thatluced from the analysis of the temperature dependence
B decreases with temperature for all the samples. Indeed deduced from Eqs(6) and (8) (see Fig. 9. Knowing the
77 K, B is almost independent &0, due to the quasineg- increase of dislocation concentration associated to the high
ligible contribution of in-plane dislocation compared to the P O, annealing, we can quantitatively evaluate the second
123/211 interfaces’ contribution. On the other hand, at loweterm in Eq.(10) and particularly estimate the parameter
temperaturesi.e., 45 K and 60 K, the relevance of the in- which measures the efficiency and extent of core pinning and
plane dislocations as pinning centers induces a strong corréhe flux-line lattice rigidity. The estimateg values range
lation betweernB and> 0, (i.e., between the number of pin- from 1.5 at 77 K to 4.5 at 45 K. We have then calculagkd
ning centers and the oxygen available for the stacking faultor the H45012h sample and the virgin one from the theoret-

ical Eq. (10) for each temperature. These values have been

a0 compared to the experimental estimations. As can be ob-
0.55
0.50
. 8_
0.604 oo
0.35 71
0.30 . 6_
0.25 o
4 45 50 65 60 65 70 75 80 E 5
TK 9
0854 . . ok = 4
8 <
®9 3_
o 27
9
0.50
40 45 50 55 60 65 70 75 80
M 1 ' 1 ' I ' I v ) v 1 T K
05 00 05 10 15 20 25 Y
z O2 (a.u.) FIG. 16. Temperature dependence of ¢ which represents

the in-plane dislocation contribution calculated theoretically
FIG. 14. Oxygenation activity dependence of the parametar  (circles and deduced from experimental measureméstgiares
77 K assaciated to the pinning mechanism obtained from(Hg. for H45012h(+ center symbols H6001h(open symbols and the
In the single vortex regimey is expected to be 0.5. Shown in the virgin sample(solid symbol$. Note the good agreement between
inset is the obtained temperature dependence. of theory and experimental results. Black lines are guides for the eyes.
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served in Fig. 16, the experimental results are in excellentributions: the weak pinning and the correlated disorder pin-
agreement with the theory. This further confirms the validityning. It is clearly settled that the new defeci®., stacking

of our flux pinning model in separating 211 and in-planefaults and in-plane dislocationact as weak pinning centers
dislocations contributions. In all cases, the exponewas  and that the 123/211 interface contribution is described by
found to be independent & O, (see, for instance, Fig. 14 at the correlated disorder theory. The nonmodified irreversibil-
77 K) and approximately 0.55 for all the samples, which is inity line for the low oxygenation regime samples allow us to
good agreement with the expected 0.5 of EfD). In the  confirm that the new defects created during the HOP process
inset, the mean value af is plotted as a function of tem- act as point pinning centers. On the other hand, the strong
perature. We remark that thoughdecreases with the tem- decrease in the irreversibility line after the higlD, regime
perature, it is in good agreement with the theory at highevidences that in-plane dislocations and stacking faults are
temperatures(i.e., T=77 K, a=0.5). Therefore, the as- competing defects and that the effect of dislocations can be
sumption of a single vortex regime at low fields is verified counterbalanced by wide stacking faults that enhance vortex
for high temperatures. The origin of the temperature decreasgitting. We have also studied the field dependence of the
of « is still unclear but might be related to an increase of thecritical current density for temperatufe=45 K. We remark

flux-line lattice rigidity at lower temperatures. that the differences id. introduced by the microstructural
changes are principally localized in the low-field regiae.,
IV. CONCLUSIONS H=<1.5 T). A simple model based on single vortex pinning

. ) ) ) by dislocation cores has given good agreement with our ex-

We have investigated the microstructural changes inducegerimental results, thus supporting the proposed separation
by HOP postprocessing treatments, which have been correnethodology for the analysis of the critical currents in melt-
lated with the temperature and magnetic-field dependence @fxtured YBaCu,0,. As a final conclusion, we would like to
the critical current qensity and irreversibility Iing. We have_stress that the present work has proposed a clear and straight-
shown that under high oxygen pressure conditions, the mitorward methodology to sort out the different pinning contri-
crostructure can be strongly modified, principally the shapgyytions of 123/211 interfaces and in-plane dislocations in
and the density of in-plane partial dislocations. In order toye|t-textured YBaCu;O, which behave very differently as
quantify the oxygen quantity penetrating into the sample dursnown in this paper. The clarification of the pinning mecha-
ing the HOP process, we have defined the magnitude of 0Xyisms of melt-textured YBCO materials will allow to further

genation activityX O, as the oxygen available in the sample gevelop the processing techniques for optimizing the super-
for the stacking fault creation. Two distinctive regimes of conductive properties.

oxygenation activity were found: First, the low oxygenation
regime, characterized by an increase in the in-plane disloca-
tion density near the 123/211 interfaces with a constant pe-
rimeter to surface ratio of the stacking fault, and second, the Financial support from Supercurren{&rant No. EU-
high oxygenation regime, presenting a strong increase of thtMR ERBFMRXCT98-0189, CICYT (Grant No. MAT99-
in-plane dislocation density in the entire matrix and a PSR 0D855, and Generalitat de Catalunya through the PIC-CIRIT
the stacking fault strongly depressed by the creation of wid@rogram is acknowledged. We thank J.A. Alonso and M.J.
stacking faults. From critical current-density and irreversibil-Martinez for the use of a high oxygen pressure furnace fa-
ity line measurements, we have separated two pinning corgility.
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