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The twin-planegTP) effect on pinning is studied in large monodomain ¥B8g;0; textured samples with
the size along the axis greater than the others. The magnetic field angular dependencecebitiseresistivity
and c-axis critical current density has been carried out using transport and dc-magnetization measurements.
These various experimental methods show clearly that in this configuration TP’s dominate the pinning prop-
erties in theab planes at high temperature3#40 K) and when the magnetic field is close to the TP
directions. Moreover, experiments demonstrate that the TP’s enhanakl-pitene irreversibility line for angles
close to a critical angleb,~8°—-10°. The observed properties are related to the extended and correlated
character of the twin planes. An experimental phase diagram for the angular dependencealepidree
irreversibility line is proposed with a possible existence of a Bose glass phaseab fiene induced by the
two directions of the TP’s. The persistence of the TP pinning for magnetic fields higher than 20 T is explained
with an electromagnetic origin induced by the surface character of TE0163-18208)08241-]

I. INTRODUCTION site which immobilizes the flux line in the best way. Pinning
by extended defects is very efficient because a considerable
The understanding of the pinning of the flux lines in high- portion of the length of the vortices is localized on these
T. superconductors has a fundamental as well a strong tecpins. It has been observed that dislocatfomscolumnar de-
nological interest. From the fundamental point of view, it hasfects created by heavy ion irradiatfoor fissiorf are good
been demonstrated that the magnetic phase diagram contaicsndidates: they enhance the critical current and the irre-
a rich and complex variety of new phases whose propertiegersibility line due to their extended and correlated
depend on the nature of the defects in the matérizlie to  characters.
high thermal fluctuations and the short coherence length, a The twin planegTP’s) in YBa,Cu;O; (YBCO) are a sig-
large part of the phase diagram is occupied by vortices in theificant source of correlated disorder tfThey are inherent
liquid state? Lowering the temperature, the liquid transforms in the 123 materials, and their pinning effects can be studied
in a vortex lattice in the case of pure single crystals orwithout altering the superconducting properties of the mate-
freezes in a glass whose character depends on the numhsal, as in the case of irradiated sampté3he role of TP’s in
and the type of the pinning sitésFor random distributed flux line pinning has been the subject of an intense research
defects, a vortex glass phase is expeétadd in the case of on single crystals, textured materials, and thin films. Various
extended correlated disorder, the low-temperature phase fechniques like resistivity? magnetizatiort? and transport
predicted to be a Bose glass phasgom the practical point  critical current densitf# measurements, scanning transmis-
of view, many applications require high current densitiession electron microscopy{STEM),'® and magneto-optic vi-
with minimal energy dissipation. Thus a strategy to improvesualization techniqué$ already demonstrated clearly that
the superconducting properties is to find the type of pinninglP’s play a key role in transversal flux motion and flux pin-
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ning for magnetic fields directed along tte axis. The
mechanism usually proposed for pinning is still an open
guestion. Twin boundaries are oxygen-deficient regions
(i.e., locally antiferromagnetically insulating regionsith a
width of the order of the coherence length. An attraction of
the flux lines by the TP’s due to a local depression of the
order parameter is expected and pinning by a core effect is
possiblel’ Another origin of pinning may stem from the ex-
tended and correlated nature of TP'Binning by correlated
disorder is stronger because it is less sensitive to thermal
fluctuations. Thus the maximum contribution of TP’s on pin-
ning is expected to occur at high temperatures, in fact above FIG. 1. TEM micrograph performed alor{@01] showing an
the so-called depinning temperatui&,.> However, in intersection between the two TP directiof€P1, TP2 in the ab
samples when strong point disorder and extended defects ap&ne.
present, the situation is more complex. Theoretically, scaling
arguments suggest that a Bose glass phase cannot be'8tableshere the twin boundaries all have the same orientation.
while experimentally Safagt al® show that in YBCO thick This can be due to the presence of a high density of Y-211
films the vortices freeze in a Bose glass due to the correlateparticles since it has been proposed that Y-211 particles
properties of the TP’s in the-axis direction. could be nucleation centers for twinning domatisThe
In this paper the effectiveness of TP’s on pinning versuswidths of the twin domains are variable, and the mean value
point disorder is studied in an original configuration. Weranges from 5 to 2@um in theab plane as has been observed
investigate the pinning by TP’s for vortices in takplane in  on optical micrographs. Twin domain coherence is small
high quality bulk textured bars. The samples are singlesince it is limited by the 211 particles or by the overlapping
domain twinned in the two directions, with the existence ofof two sets of twins. The intersections between the two fami-
many twin intersection areas. Unlike the case of single cryskies can even form a canvdsas we can see in Fig. 1 where
tals, the experiments are carried out in samples with thdP1 and TP2 are the name of the two twin-plane families.
c-axis size greater than the other ones. The imporantis  This type of intersection always represents a pinning center
length (3 mm) allows one to perform direat-axis transport and reduces the channeling phenoméraguides the vorti-
critical current and resistive measurements. Transport andes by the TP’sobserved in single crystals with one twin-
magnetic measurements are carried out \Bitalways lying  plane family>> An average distance of 1000 A between the
in theab plane. This suitable geometry permits one to get ridtwin planes has been estimated by TEM, although some local
of the influence of the anisotropy between #ieplane and variations exist due to variations of the Y-211 density and
the ¢ axis which could mask TP effects in the measurementsassociated strain field§ig. 1). The structural width of these
A strong influence of the twin planes on tleeaxis critical  planar defects has not been determined in our samples, but it
current density, the-axis resistivity, and theb-plane irre-  usually lies between 10 and 50 A%’ For calculation
versibility line is reported for a field intensity up to 20 T, we choose an intermediate value of the thickness:t 2
close to the TP directions. =30 A, wheretp is the half thickness.
Transport measurementgritical current and resistive
measurementsare performed using the standard four-probe
Il. EXPERIMENTAL DETAILS configuration. The contacts are made with silver paint and

Textured bulk samples of Y-Ba-Cu-O have been prepare&’rieﬂy annealed at 900 °C. Transpprt cri'tice'll currents are
using the top-seed melt-texturing metH3dThe starting measured at 77 K with an electric field criterion of A/
composition was Y-123 with the addition of 30 wt. % of ¢™M-
Y,BaCuQ, and the seeds used were single crystals of
SmBgCu;0,;. The microstructure of the monodomain tex-
tured samples shows the presence of well-dispersed spherice
or needlelike grains of BaCuQ (Y-211) with a typical
size and interspacing of a few micrometers throughout the® ¢ -
entire volume. The density of these Y-211 particles is esti- é
mated to be around 30% of the volume by measuring the g ,
paramagnetic susceptibility of the sample and of the Y-211 " 4
pure phase. Bars with typical dimensions of 3 mm length and
0.4 mnt cross section are cut with the crystallographic axis
parallel to the sides of the sample. X-ray pole figures ob-
tained using the Schulz reflection mettdaonfirm the high
quality of the texture and the crystallographic orientations of
the samples. The mosaicity of theaxis orientation obtained
by (006) rocking curves using inelastic neutron scattering is
around 1.5% The samples are then annealed at 420 °C in  FIG. 2. c-axis resistivity as function of the temperature in zero
flowing oxygen during 72 h. Our samples are twinned with aapplied field. Inset: superconducting transition for a typical
high density of twinned domains, domains which are regionsample in zero applied fieldT(=91.9 K).
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We made c-axis resistive measurements in the same aorb g plane B
samples with the same configuration using the standard four- s ®
probe technique with low-frequen¢$3 H2z) ac currents. The . Zf[‘wi'n
current density is about 0.13 A/éniThe characterization has a orb axis planes
been carried out in a magnetic field intensity up to 20 T at ' 4B
the Grenoble High Magnetic Fields Laboratory. Figure 2 / vV
shows the resistivity as a function of the temperature in zero »
magnetic field. AT,=91.9K and a transition widtiAT, ¢ axis
<200 mK are observed. The shapem{T) in the normal I
state is linear down td ., and the values of the resistivity at I
300 and 100 K which arep.(300 K)~8.2 m) cm and

\ab plane

pc(100 K)~4.8 m() cm, respectively, are similar to what is
observed for well-oxygenated single cryst&is.

We performed dc magnetization measuremdm(8) and _ .
M(T) curves forT between 40 and 90 K and with a field FIG._3. _Conflggratlon u_sed for.transp_ort _measurements: the
intensity up © 7 T in acommercial superconducting quan- F:urrent |s.d|rected in the axis andB is applleq in .theab plane.®
tum interference devicéSQUID) magnetometer, allowing Is the variable angle betwedhand one TP direction.
the rotation of the sample around theaxis in steps of 2°.
We have used th&(B) hysteresis cycles to extract tike ~ the same critical current density of 6500 Afcnalthough
axis critical current densitg™9"€ ) HereJmaon€ axis) ha5  due to the complex microstructure of the samples where sev-
been calculated from the differences of magnetization be€ral types of pinning coexistpoint defects, linear defects
tween the upper and lower branches of the hysteresis loogke dislocations, planar defects like stacking faultRef.
(AM) and with the help of the extended Bean model devel3D these peaks indicate clearly that at 77 K in this configu-

between the axis andab planes. Following this model, the Nant Source of pinning in the sample. Indeed, for fietdsT,
critical current densities along theaxis, J79"€ @) gng jn  the J;(®=0°) for B parallel to the twin planes is 6 times

the ab plane,J9"eP Plane) - are related taAM by greater than)(®>®.). In addition, a small enhancement
of J¥(®) is observed fob =45°, corresponding to the pin-
Jrcnagr(c axis) | b J?agr(c axis) ning by the crossing points of the twin boundaries in dfe
AM= 20 _EW s plane.
Cc

This angular shape af(®) indicates the existence of a

wherel,, and I, are, respectively, the size of the samplecritical angle® corresponding to the onset of the flux lines
along theab plane and along the axis. Note that in this trapped by the twin planes. This critical angle is determined
geometrical configurationl ;>1,, and that Jmaoneb plane) by the balance between the vortex line tension for freg (

magng axis) 30 i1 C  Jamagne axis) |\ . and trapped segments in the TP'sef): cosd,
>Je ;= yielding AM=(Jc™ © 7 1p)/20. So in ~(e1pleg). %2 For 0<®<®, a partial accommodation of the
that case the critical current studied is limited by thaxis TP =0/ c

) : . flux lines by the TP’s occurs, producing a kinked structure
one. UsingM(B) cycles obtained at different temperatures, . . !
e . between planes of the same twin family with one part of the
we also study the variation cdAM(T) for various angles

between the field and TP directions in tk plane. segments locked to the TP’s. Helf(®) decreases slowly

The irreversibility pointsT,(B) were obtained from split- in this angular range due to the motion of vortices along the

ting the M(T) curves measured under zero-field-cooled ano{TP,S induced by the field component perpendicular to the

field-cooled conditions. The determination ©f, is carried win plane direction. Fo > twin planes pinning disap-

i i i tr
out in the same experimental conditions for each angle ang€ars and flux lines follow the direction d. Here J,
each field intensity up to 7 T.

v Je(8T)
ll. RESULTS AND DISCUSSION 7000 . _ 0 jcg.Tr;
T T * I
A. c-axis transport critical current 6000 | :% Xx?f& e Je(4T)
. . . . . R % s Je2T
The experimental configuration is presented Fig. 3. The . 5000} " - “XMWW :M x ng']T;
dc current is directed along theaxis, and the magnetic field £ SN wo,
) o . . . S 4000L y o ]
is applied in theab planes, making a variable angle with < LW A
. . © © AMAAMMMAAMAMAMALALLL Aps ppALAMAA 4
one TP direction. The angular dependence was explored by —° 3000 3 o M 2
rotating the sample around tleeaxis with a rotation step of 2000f ¥ & 8 4 ]
2°. The measurements were performed at 77 K for fields | '56 P SRR I
ranging from 0 6 8 T using the constant Lorentz force con- 1000 - 2
figuration B |. Figure 4 shows the behavior df(®) for g

[ S T TS R B L

different magnetic field8=1 T and when it is rotated in the 20 0 20 40 60 80 100 120 140
tr o . . d(degrees)

ab plane.J.(®) curves exhibit two identical sharp peaks at

®=0 and 90°(corresponding to the TP directiondiaving FIG. 4. Angular dependence of theaxis transportl, for B

an angular width of aboub .~ 10°. The peaks correspond to applied in theab plane between 1 and 8 T.
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FIG. 5. Angular variation of the-axis resistivity forB applied
in the ab plane for field intensity up to 16 T.
(P>d,) is determined by the pinning of the defects of the &
bulk. A complete study of the physical phenomena for fields  g1.
between O anh 8 T is published elsewher&. =

B. c-axis resistivity 05

. e . i Apc(max)=0.5 m$ cm
The c-axis resistivity measurements have been realized

using the same configuration as fd¢ transport measure-

15

ments. With a current applied in tleeaxis direction, a rota- 10 B(T)
tion of the magnetic field in thab plane has been also real- (b)
ized. The angleb =8 is still defined wher is aligned with

one twin-plane direction. The samples used are cut with the
edges of the face containing thb plane, making an angle of

30° with one TP family. We performed first resistive angular
measurements at constant temperature and fields. Then we
studied the variation of the resistivity versus field for several

temperatures and two angle=0 and®=8°. Figure 5
shows the behavior of the normalizedaxis resistivity
pc(®) as a function of the angle of the magnetic field with

respect to one twin-plane direction for three temperatures

and fields (T=89.5K, B=6T; T=88K, B=12T; T
=87 K, B=16T). Remarkably, thep,(®) curves are the
inverted images of the-axis Jg(tb) curves. We observed
two sharp drops of the magnetoresistivity wtgis directed

parallel to the TP’s up to fields larger than 16 T. The reduc-

tion of the resistivity by TP pinning is hug&.5~m() cm for
B=16 T andT =87 K), but disappears for a critical angle,

around 88°. This depinning angle does not shrink even at a

high field intensity of 20 T. Moreover, a third dip in resis-
tivity appears ford =45°, that is, wherB is directed at the

FIG. 6. Magnetoresistivity vs fields intensity up to 20 T fbr
=0 and®.. (a) for T=90K, (b) for T=88.4 K, and(c) for T
=86.45 K. Note that the three parts of the figure are not in the same
scale. Inset tdc): comparison between the experimental zero re-
sistivity for =0 and®, .

intersection of the two-twin-boundary family. Note that suchFig. 6(c)]. Note that the resistivity is Ohmic in the range

a minimum does not exist fob =135°.

The curves.(B) measured fo =0 and® =& and for
three temperaturd$igs. 6a), 6(b), and €c)] confirm clearly
the strong reduction of dissipation induced by TP pinning

where it can be measured, suggesting that the transition to-
ward the glass state lies below our experimental zero.
We observe here some similar features reported in the

.case of single crystals for twin planes or columnar irradiation

The onset of pinning occurs in the lower part of the transi-when | is directed in theab plane andB parallel to thec

tion, below 2 n€) cm, which is approximately 44% gb,
(100 K). However, this is well in the region where the vortex
state is expected to be a liquiti The resistivity reduction

axis®~3"The TP’s localize the flux lines in the liquid state
in the ab plane where the absence of the shear modulus lim-
its the effectiveness of pinning. The persistence of this huge

does not disappear with increasing the intensity of the magreduction of dissipation at very intense magnetic field is not

netic field, but becomes stronger. The maximumAgf; is
characterized by a shoulder in the (B,®=®.) curves,
which does not exist fod=0°. Moreover, atT=86.5K,

clear, but we can consider two hypotheses. First, we have to
remember the existence of two directions of twinning and
areas of intersections between the two families. In a certain

the TP pinning is so strong that it pushes the experimentaiense we can make an analogy with the case of crossed or

zero resistivity to a higher magnetic field of 0.8[ifiset of

splayed irradiated columnar defects. It has been
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theoreticallj® and experimentalf demonstrated that the 2
crossing or the spreading in direction of the columnar defects L
forces a topological entanglement of the liquid state, strongly
reducing vortex motion. The flux lines can be localized di-
rectly by a columnar defect, but also by the arrangement
between adjacent tilted vorticéthe exchange of many flux
lines between two pins Second, at high magnetic fields a
large viscosity can arise from flux line entanglement. This
large viscosity provides the effect of strong pinning centers
like TP's to propagate over large distances in the flux
liquid.*® The existence of a third minima gf, at 45° and not

at 135° can have two origins. First, it could be due to the
mosaicity of the orientation of the samples: the field would
be really in theab plane only in this direction. Another ori-
gin of the pinning in this direction can be the canvas formed
by the intersections of the two TP families. The pinning aris-
ing by this kind of intersection is strong because the centers
are in the case points which are correlated. Several optical
micrographs indicate that this type of intersection occurs 2000
mostly in one directionfor ®=45°) and less in the other

M (emulcm3)

2500
—o—B=5T

(®=135°). This could explain the absence of a dip dor NE:‘: 1500
=135°. To end with a resistive characterization we have to 30
note here a difference with that observed in single crystals: £ 1000

the shoulder in the resistive curves does not appear Bhgn

in the direction of the TP’s but fod =& . Often, the kink 500
at around 20% op,, has been considered as a signature of
twin-plane pinning*~>¢In our experiments it has clearly an-
other origin.

0 H—H—F—F——+—+—F—
50 40 -30 -20 -0 0 10 20 30

i d(degrees )
C. Jagnc ais) () at 77 K, AM(B), and AM(T) (b)

For magnetization measurements, the magnetic field is ap-
plied in theab plane, still making the variable angi{e with
one twin-planes directionAM versusB curves are per-
formed for several angles at 77 K and ®between 1 and 7

T in order to compare with the direataxis transportle  consistent with an interfacial pinning. Indeed, when the vor-
measurements. Then we proceed to the same experimen{s, intervala, is less than the twin spacirdyp, the number
but forTyarylng between 40 and 90 K to c_heck the mfluenceNp of the vortices pinned by the twin planes is inversely
of the twin planes on thermal effects. In Figaywe plot the
width of the magnetization measurements for two orienta
tions of the applied field, namely,® =0 (one direction of
the twin plang and ®=45° at 77 K. We observe that the 1 (B2

width of the magnetic hysteresisM, which reflects the ef- F ( ap= E)
ficiency of the flux trapping, is significantly increased when Ko

B is along the twin planes for fields between 0.5 and 7 T.and therefore has BY? dependence. As the critical current
This enhancement occurs only whieiis near a critical angle  density can be calculated bit=F,/B, J. follows, in the

®, around 8° with respect to the twin-plane directidfiey.  case of planar defects,Bi ¥? dependence. Fab=45°, a is
7(b)]. WhenB=7T, the extracted critical current density closed to 1. This reflects pinning by all types of defects in the
Jmagne axs) js estimated ford=0 (BITP) to be 10 times bulk.*®

higher than ford =®_. We found a good qualitative agree-  Figures 9a) and 9b) show the hysteresis widthM at
ment with respect to the angular dependence observed f@=1 and 7 T as dunction of the temperature g =0 and
JE(CIJ). A quantitative difference in the critical current value 45°. The comparison, Fig.(8, indicates that foB close to

by a factor of 2 between the two determinations isthe TP direction the smoothing oAM (and hence of
observed, attributed certainly to the difference of criteria)™9"€ @) by temperature effects is smaller than fdr
between transport and magnetic measurements. At 77 K the 458. This can be qualitatively explained by the reduced
field dependence ofAM follows the law AM(B) dimensionality of thermal fluctuations for a flux line trapped
=aB *(1-B/B*), wherea is a constan{Figs. 8a) and in the TP’s. Indeed, thermal fluctuations of the vortex posi-
8(b)]. To the usual power law field dependenceBn®, a  tion increase the range of the pinning forcg(r,~étor,
linear term (1- B/B*) has also been introduced to take into ~ (¢+(u?)y,) where(u?), represents the amplitude of the
account of the presence of the irreversibility IHaiVhenB  thermal displacement This smoothes the effective pinning
is directed to the twin planesy is equal to 1/2. This is potential and reduces the collective pinning force. Buts

FIG. 7. (8 M(B) hysteresis cycle foB between O ath 7 T for
®=0 and 45°.(b) Angular dependence af"@9"¢ &9 determined
using the anisotropic Bean model.

proportional toagdrp. The bulk pinning force per unit vol-
ume,F,, is proportional toN, and can be deduced By

&, where

P aodrp
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FIG. 8. (a) Field dependence of the hysteresis widkM at T
=77 K for ®=0 and 45°.(b) AM(B) in a semilogarithmic repre-
sentation fitted wit)AM (B)=AB™ “(1—B/B*). FIG. 9. (a), (b) Temperature dependence of the hysteresis width

AM for ®=0 and 45° and field8=1 and 7 T.
renormalized by thermal fluctuations differently depending
on the nature of the pinning center. For point disorder theWVhen the field is parallel to TP’s, the line is smooth and its
smoothing ofJ; is exponentially strong withlT (Ref. 49  position up toB=7 T is well described by the power law
because such disorder provides random walks of the fluB*«(1—T/T.)*2 This suggests that the origin of pinning
lines to take advantage of locally favorable regions of impu<i.e., the twin plangis the same in all temperature and field
rities. On the contrary, planar defects suppress the transversanges studied. On the other hand, when the angle between
wandering(i.e., perpendicular to the TP'sf the vortices by the field and TP direction is larger thdn., | - L4, presents a
attracting a large part of the flux lines to itself. Thus thereproducible kink around=3 T andT=87 K correspond-
critical current density for linelike defect&orrelated de- ing to a variation of slope, which suggests a change in the
fects should be less affected by temperattftéor B=1T  vortex matter or in the vortex pinning origin.
the depinning temperatur€yp (above which the flux line These experimental features can be understood as a con-
begins to wanderis evaluated around 45 K, a little higher sequence of the different responses at high temperatures to
than the theoretical predictior80 K).*> ForB=7 T the ef-  thermal fluctuations between correlated planar disorder and
fect persists and pp is lower than 40 K. pointlike disorder. Still using the analogy of columnar de-
fects, we try to explain the shape bfL,, and give an ex-
perimental phase diagraffrig. 10. Let us begin with the
origin of the anisotropy ofl-L,,. For T<87 K and B

Figure 10 shows the irreversibility lines obtained for >3 T, I -L,, becomes anisotropic. It is shifted to lower field
YBCO samples for fields applied perpendicularly to the values whenB is directed with an angle greater thdn..
axis and directed alongd{=0) and 45°@® =45°) to the This is similar to what is observed in the case of correlated
twin planes. Clearly, the poinfT=87 K, B=3T) divides defects induced by heavy ion irradiation along thaxis.
two distinct behaviors. Fof =87 K and lowB=<3T, the Indeed, a “cusp” of the irreversibility line wheB is close to
| -L,p is isotropic, while for high fieldsB>3T) and low thec axis has been obsenfd’ due to the existence of two
temperatures <87 K) thel-L,, is anisotropic, following distinct glass phases: a vortex glass phase and a Bose glass
the same angular dependence observed foc#rds critical  phase produced by competition between point and correlated
current. When® is less than the critical angl®,. (=8°), disorder. These glasses have similar nonlinear dynamic char-
| - L, moves clearly toward higher temperatures. An identi-acteristics, but differ by the response to a tiltinggf® On
cal behavior is observed for the two twin-plane directions.the one hand, the disorder associated with points defects is

D. Irreversibility line in the abplanel L,
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isotropic. Close to the vortex glass phase transition, the cor-
related volume diverges isotropically and the irreversibility
line in the ab plane should not be angle dependent. The
disorder due to the TP’s is anisotropic and correlated in di-
rection point to point. Near the Bose glass phase transition,
the correlation volume diverges with two different correla-
tion lengths, leading to an anisotropy of the irreversibility
line. In fact, the existence of a transition temperature into a
Bose glass phase has been experimentally investigated only
for extended defects along theaxis. To the best of our
knowledge, there are no explicit predictions or any experi-
mental ir?vestigations of a Bgse gFass caused by T%’ piﬁning 78 80 82 8 8 88 90 92
in the ab plane. We propose that the pronounced difference T (K)

in the angular dependence ¢fL,, when B is rotated
through the critical angl@ . suggests the existence of two

distinct glass phases in tla plane too: a vortex glass phgse that for ®>®&_=8° the irreversibility line is independent of the
f_or (I_)>(DC and a BOSF_" glass _phr_;lse_fblﬁd)c whose transi- angled. In the same figure, an experimental phase diagBara T
tion is tracked by the irreversibility lines nam&{Tyg) and  for B applied in theab plane andb between 0 and 45° is presented.
B(Tgg) in Fig. 10. For®>®d, the region(labeled IV is @ Four regions are delimited. The dashed area represents the irrevers-
vortex glass phase induced by point disor@ietygen vacan- iple region ford<®, (region IV). The gray region represents the
cies, impurities and characterized by a random and en-jrreversible region where the pinning is dominated by point disorder
hanced wandering of flux lines. Due to their flexibility, the (region Il). Here B(Tgg) and B(Tyg) are the lines which deter-
vortex lines wander significantly as they pass through thenine the apparition of a Bose glass and a vortex glass phase, re-
sample in highF, superconductor® When ®<®_ corre-  spectively.
lated disordeftwin plane$ suppresses the wandering, local-
izes the vortices, and forms a Bose glass phase with a widglefects and enhances the preferential pinning of the flux lines
irreversible regionregion labeled lIl. In fact, in our case, by planar defects like the twin planes. This occurs wherever
the low-temperature phase may not be a true Bose glagbe field is directed because flux lines depinned from the
phase. Because of the existence of many crossing points bpeints defects will be trapped by the twin planes. The ampli-
tween the twin planes, it could have some properties obtude of thermal fluctuation&i?) 1 is so high that the pinning
served in the glassy state induced by a splay of columnaof flux lines is realized by many twin planes. If we apply for
defects. The benefits of the crossing of the defects is to rewin planes the approach of Nelson and Vinokur used for
duce the dissipation due to the flux creep effect by precludeolumnar defects® the crossover to a collective pinning by
ing the expansion of double kink&>* many TP’s is reached at a temperatllig where (u?)3? is
Another interesting feature is that we observe an increasarger than the mean spacing between the twin planes. Fol-
ing effect onl-L,, at high fields when a huge fraction of lowing Nelson and Vinokur, this occurs wh@i>Ty, Ty
vortices is not trapped at the TP’s. Such an extension to highefined by the conditior{]uzﬁrfz: d1p. HereTg can be cal-
fields(9 T) has already been observed by Safaal.in thick  culated with the help of the formula
YBCO films!® It has been suggested that vortex-vortex in-

B (T)
SR, N Wk U

FIG. 10. Angular dependence of thb-plane irreversibility line
for B directed along and at 45° of one twin-plane direction. Note

teraction favors the blocking of the interstitials vortices by Ta  [trel4€ap(0)][VIN(k)/Gi]a
those pinned in the twin planes, producing a caging efféct. == —_—,
Another explanation is to remember the surface character of Te  1+[trpldan(0)I[VIN(K)/Gy]ex

the TP’s. In addition to the usual core pinning, the interacwhereG; is the Ginzburg numbewhich is 0.01 in YBCOQ,
tion between the TP’s and the vortices should take into ack is the Ginzburg-Landau parametghnat is 100 for YBCQ,
count the effect of the vortex image, which could hinder thegnd trp the half of the average thickness of the twin plane
flux line movement on the length scale of the magnetic pen¢~15 A). « is a number which depends on the intertwin
etration depth. The influence of such internal surfaces at highistance and from the temperatufe, where the wandering

fields has been brought to the fore By-plane transport plays a significant role in determining the localization length:
critical current density measuremeftsMore recently, a

concentration of vortices near the TP’s on two or three vor- T, (t1pl4€45(0)) VIN(K)/G;
tex spacings possibly induced by magnetic pinning has been T_c% 1+ (tpldé.4(0)) IN(x)/G ~Y.
T a i

observed by STEM visualizatioh.

We now discuss the part of the phase diagram separateahd
by an isotropic irreversibility lingregions labeled | and )l
(T>87 K, B<3T). The continuity ofl - L 5, in this direction drp
suggests that in the isotropic part of the irreversibility line, V2£.4(0)
the irreversible behavior is dominated only by twin-plane ab
pinning (region labeled Il in Fig. 1D This can be explained With dp around 1000 AT.=92 K, we find a delocalization
as follows. NearT., a softening of the vortex lattice has temperaturel y of about 84 K. This is not so far from our
been observed due to the reduction of the shear modulusxperimental determinatiofiy~87 K. So in the isotropic
Ces.°2 It improves the accommodation of the flux lines to the part of I - L, the flux lines are probably not pinned by an

a=In'? (1T /T2,
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individual planar defect, but by the collective action of manylines and reduce the dissipation for field up to 20 T. It also
twin planes of the same family, when the local fluctuation ofmodifies the glassy state far<87 K andB>3 T and may

the density of TP's is favorable. induce a Bose glass phase in thie plane up to a field in-
tensity of 7 T. The observed effects are attributed to a di-
V. CONCLUSIONS mensional reduction of the thermal fluctuations for flux lines

] trapped in the planes. Moreover, the persistence of the phe-

In summary, we have shown that in bulk textured mon-nomena when the vortices outnumber the TP’s opens the

odomain samples the twin planes are strong pinning centetgestion of the nature of the interaction between these inter-

which determine the superconducting properties measured | surfaces and the flux lines. The results presented here
thec-axis direction wherB is in theab plane and close to the  ghow clearly that the control of the TP density in melt tex-

TP’s. Pinning properties are increased at high temperaturg§red compounds is crucial for future applications of YBCO
(T>40K) in a small angular range near the TP directionj, the c-axis direction.

(8°-1089. The TP effect enhances the critical current den-
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