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We have investigated the upper critical magnetic fidld, the critical current density., and the pinning
force F, in sputtered Nb/Pd multilayers, varying the temperatdrethe Pd thicknessedyy and the magnetic
field H orientation(parallel and perpendicular to the plane of the sampfeperpendicular fields, the vortex
dynamics was strongly influenced by grain-boundary pinning. In parallel fields, a peak was observed in the
J.(H) curves for samples with Pd thicknessks>100 A. After comparing the experimental results with the
existing theories, we have related the presence of this peak effect to the matching of vortex kinks with the
layered artificial structurd.50163-182@8)05210-3

[. INTRODUCTION tially contributed by Pippard® who explained the peak ef-
fect in superconductors by the mechanism of the adjustment
In recent years artificially layered superconducting sys-of the VL with pinning centers. This approach was refined by
tems have been extensively studied to investigate the influthe theory of the collective pinnintf,in which, due to the
ence of the reduced dimensionality on different physicalsoftening of the VL shear modulussg with the increasing
properties(critical temperature, penetration depth, pinningmagnetic fields, above a certain critical field the strain ex-
forceg and to obtain, viewed as test systems, much informaeeeds the elastic limit in some part of the system, occurring
tion on effects observed in high-temperature superconductaon VL plastic deformations. This gives a decrease of the VL
compounds(HTSC's) in order to distinguish their dimen- correlated volume with a fast increaseJf. Other explana-
sional and intrinsic properties. Before the discovery oftions of the peak effect in superconductors are related to the
HTSC's, the major part of works on the properties of layeredincrease of the elementary pinning force while some precipi-
superconductors was related to the study of the so-callethtes, with increasing magnetic field, undergo the transition
dimensional crossover, occurring when the perpendicular cao the normal staté}®to the crossover from elastic to plastic
herence lengttf, (T) becomes comparable to the period of VL creep2® or to the transition from two-dimensional collec-
the layeringt More recently, the complicated nature of the tive pinning to a three-dimensionally disordered stafé.
H-T phase diagranfH is the external magnetic field afidis =~ Generally, each of these models is able to explain only a part
the temperatuiein the naturally layered HTSC%has given  of the available experimental data and some of tieftare
new impulse to the investigation of the vortex dynamics innot developed for the case of multilayered superconducting
multilayered superconductors, where it is possible to artifi-systems.
cially control and change many parameters of the system. In this article we present experimental results of the vor-
One of the most interesting effects in the vortex properties ofex pinning investigation in Nb/Pd sputtered multilayers.
superconducting multilayers is the presence of peaks in thmeasurements on Nb/Pd multilayers by means of magnetic
magnetic-field dependence of the superconducting criticaiorquemeter have been presented by de Geveat!® Here
current densityl., first observed by Raffet al. on Pb/PbBi  we systematically performed transport measurements of the
proximity coupled multilayeré® This so-called peak effect upper critical magnetic fiel#.,, critical current density.,
has been also observed in conventional low-temperature sand pinning forceF, on patterned Nb/Pd samples for both
perconducting materiafslayered H-NbSe single crystald,  the perpendicular and the parallel orientation of the exter-
and recently in HTSC'8.After Raffy et al. the peak effect nally applied magnetic field at different Pd thicknesses and
has been measured in several artificially layered supercottemperatures. The peak effect has been observed for parallel
ducting systems, such as Nb/T&b/Nbzr° and Nb/Cut!  external magnetic fields at large Pd thicknessesg
The first interpretation of this effect was given by Ami and >100 A. The results are discussed comparing them with the
Maki'? in terms of commensurability between the multilayer existing theoretical approaches. Our data are consistent with
period (that is constantand the vortex lattic€VL) spacing the presence of matching effect of the vortex kinks present in
(that depends on magnetic figldhe original idea was ini- the system with the periodic layered structure.
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FIG. 1. Low angle x-ray-diffraction pattern for a typical Nb/Pd multilayer with Pd thickness of 20 A. The Nb thickness is 187 A.

Il. SAMPLE CHARACTERIZATION using a 1uV criterion. The experimental technique allows us
AND EXPERIMENTAL TECHNIQUES to apply bias current in two directions, always perpendicular
- . . . to the orientation of the external magnetic field. For each
Periodic Nb/Pd multilayers were deposited onto 3"n'sample theJ (H) dependencies were measured at different

Sl(_100) wafers using a magnetically enhanced dc triode Spu'['Eemperatures. The temperature stabilization was better than
tering gun for Pd and a magnetron gun for fb.

) rae X , i
The Si wafers were let to pass alternatively over Pd ang10 K. The flux-pinning force density,, was defined in

Nb guns. Changing the time during which the substrate i heOunSliﬁlzwaa%tFe?rTeﬁO'sJ;g |_I”e.s we also measured the critical
exposed to the sputtered materials, samples with different N P P )

and Pd amounts have been obtained. All the samples ha mperaturelc. The T, valugs.scale well accordmg to the
constant Nb thicknessd(,=187 A), while Pd thickness eGennes-Werthamer proximity effect modetonfirming

(dpg was varied from 17 to 170 A. The layering of the gzaterg;; durgtl{lrlltll?rly()errrialbrig?;f Sulllgcopr)lrdoux(;}mygcgug_led
samples was confirmed by low angle x-ray-diffraction terﬁs 9 P o Y
(LAXRD) analysis. LAXRD has been performed both to .
) . . We present the results of systematic measurements for
check the multilayer quality and to obtain the values of the . . i
. ) four samples, having different Pd thicknesses. The character-
Nb and Pd thicknesses. Figure 1 showes a LAXRD patterr_,. ) ;
. i e istic sample parameters are summarized in Table I.
for a typical sample withlpq=20 A. Clear Bragg peaks ap-
pear at the angles where constructive interference occurs; in
addition the presence of multiple satellite peaks, located be- IIl. PERPENDICULAR MAGNETIC-FIELD

tween two main Bragg peaks, indicates the good layering of MEASUREMENTS

our samples. Fitting the LAXRD patterns to a Fresnel-type |, this Section we present and discuss the measurements
optical model yields the values of the Nb thickness, the P¢yerformed in the presence of external perpendicular mag-
thickness, and of the interfacial roughne@sways in the petic field. The results indicate that the mechanism respon-
range 5-10 A All the samples studied were made of 10 gjpje for the vortex pinning is the same for all the samples

Pd/Nb bilayers with an additional Pd layer on the top 0gnq that this is related to a predominant contribution coming
avoid both Nb oxidation and surface superconductivity. Thegm grain boundaries.

layering of the samples was also confirmed by depth profil-

ing using Auger electron spectroscopy. Rutherford back- tagLE |. Characteristic parameters of the measured samples.

scattering spectroscopRBS) analysis was also employed to g is the thickness of Nb layetpqis the thickness of Pd laye;

cross-check for layer thicknesses. The thicknesses obtainq is the parallel coherence length B=0; YM/m is the aniso-

from LAXRD and RBS analyses agree within a few percent.ropic Ginzburg-Landau mass ratio Bt 0; pago k is the resistivity
The H, andJ. measurements for both the perpendicularat T=300 K andp is the resistivity aff =10 K.

and the parallel orientation of the magnetic field with respect

to the plane of the films were done on patterned samples with

P300 K
the lengthl =100 «m and the widthw=15 um. The strips  Sample dy, (A) dpa(A) T (K) & (0 (A) YMIm p=
. . . . P1ok
were obtained by usual photolithographic technique followed
by chemical etching. The average etching rate was about 250p170 187 170 3.65 149 3.3 1.28
Als. TheH,, values were measured at the half of the resisnp132 187 132 4.00 141 2.3 1.25
tive transition, the width of which was less than 0.1 K in zeronposs 187 66 4.80 130 2.0 1.24
field. The applied dc bias current density wasl.5 Npo17 187 17 7.00 93 1.4 1.55

x 10° A/m2. The J, values were obtained fromV curves
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where® is the flux quantum andl, is the critical tempera-
ture of the sample.

The J; vs H curves measured for all the samples in Table
| at different temperatures were monotonically decreasing. In
Fig. 3 we show the flux-pinning force densify, vs the
perpendicular magnetic field measured on saniypR170
with dp;=170 A at five temperatures in the range 035
=T/T.<0.85. Inset to Fig. 3 shows the normalized flux-
pinning forcef =F , /F jmax (F pmax being the maximum value
of the flux-pinning force densijyvs the perpendicular re-
duced magnetic fielth=H/H_,. TheH,, values have been
defined as the field where the critical current density de-
creases to 8 10° A/m? and were in agreement within a few

T (K) percent with theH ., values extracted from the resistive tran-
sition curvesR(T,H). The temperature scaling of tHé¢h)

FIG. 2. TheH,, vs temperature dependence for NPQtibse  dependencies indicates that the same pinning mechanism is
symbolg and NP132(open simbols multilayers. Squares corre- present at all the investigated temperatures. The solid line in
spond to the perpendicular magnetic field and circles to the parallehe inset to Fig. 3 is the best fit to the experimental data, and
magnetic field. The solid lines represent the linear best fits to thgorresponds to the dependertt®®(1—h)*, very close to
experimental data. The dashed line represents the fit following fromhe dependende(1—h) expected in the case of individually
the relationH cp(T) = (1—T/T¢) . pinned vortice$>?% The linear field dependence of the nor-

malized pinning force in the limih—1 is an indication that

In Fig. 2 the Hc,(T) dependencies for samplePO17  eyen close tH,,, the vortices do not form a lattice as it
(close symbolswith dpq=17 A and sampleNP132 (open  should be if the grain boundaries play a dominant role in the
symbol$ with dpg=132 A are shown. The squares corre- pinning. For lowT, superconductors grain-boundary pinning
spond to the perpendicular field orientation. In all the meaqecomes important at resistivity valugshigher than 10
sured range of temperatures and fields the upper perpendicy() cm? In our samples, the values are in the range 15
lar magnetic fieldH,, (T) curves are linear. From the slope ;0 cm—25x0 cm atT=10 K. From the value oftgH o,
of these curves we have calculated the values of the zera g 71 for sampleNP170 at the lowest reached temperature
temperature parallel superconducting coherence lefi¢@) (2,07 K) we get an average vortex spaciag~ (®,/H)2
reported in Table I, using the well-known Ginzburg-Landau 540 A that is of the same order of magnitude of the aver-

expression age dimensions of the grains as calculated by the Scherrer-
Debye formuld* from the x-ray-diffraction pattern. In Fig. 4
0)= B @, we show the normalized pinning force vs the reduced per-
&(0)= dHgp, ' pendicular magnetic field for all the samples investigated at
27T, aT the reduced temperatute=0.57. The scaling of the curves,
T=T¢ independently from the layering, reveals the same pinning
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FIG. 3. The flux pinning force density, vs perpendicular magnetic fietd for NP170 multilayer at five temperatures. Inset shows the
normalized flux-pinning forcé =F,/F, .« Vs the perpendicular reduced magnetic field H/H,. Symbols of the inset are the same as
in the figure. The solid line is the fit to the data obtained from the relat{tmoch®9(1—h)*%
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At T~Tg, & (T.) is comparable to the period of the
multilayer, determining the decoupling of the system and the
appearance of the 2D behavior. AK T, the expected de-
pendence ofH.y(T) should be square-root-like with
Heo(T)~(1—TIT)Y2 The dashed lines in Fig. 2 are the
best fits obtained from the expressioR ,(T)~(1
—T/T.)¢ We have a=0.67 for sample NP132 and
=0.98 for sample NPO17. This last value, very close to 1, is
probably due to the relatively narrow temperature range at
T<T., where the sample is not yet behaving completely
2D. On the other hand, the change in the temperature depen-
dence of theH,(T) curve is clear, indicating that, even in
the case of the sample witlh;=17 A, we have reached the
zone where the system starts to behave 2D.

It is known that for Josephson-coupled layered supercon-
ductors the 3B-»2D crossover occurs whe, (T)/A

FIG. 4. The scaling of the normalized perpendicular flux- ~0.7% where A = dpg+ dyy, is the multilayer period. In our

pinning force for four samples &t=T/T.=0.57. The solid line is

the fit to the data obtained from the relatibfh)och®3(1—h)*%,

SNS samples this ratio is always less@.5) than that pre-
dicted by the theory. Similar values=(0.5) were obtained
for Nb/Ta (Ref. 26§ and (=0.4) for V/Ag (Ref. 27 multi-

mechanism in all Nb/Pd multilayers in perpendicular mag-ayers indicating that for this type of systems the dimen-
netic field, confirming that the grain boundaries are the MOSLional 302D crossover occurs at lower temperatures than

effective pinning centers.

IV. PARALLEL MAGNETIC-FIELD MEASUREMENTS

A. Experimental results and discussion

those expected for Josephson-coupled superconductors.

In Fig. 5 theJ, vsH curves for sample NP132 at different
temperatures are shown. Bel@ K the J.(H) curves present
a clear peak while af>3 K the J.(H) curves are monotonic
with a plateau developing for decreasing temperatures. A

We now focus on the measurements with external parallesimilar behavior has been observed for sample NP170 with
magnetic fields. We first show the experimental data andips=170 A. It is interesting to point out that, for both the
compare them with the existing theories and then we developamples NP132 and NP170, the peak indp@H) curves is
a simple model that can explain the main features of theresent at temperatures well beldw;, where theH ., (T)
obtained data. In Fig. 2 the circles show the upper paralletlependence is strongly nonlinear. On the other hand, for

critical magnetic field behavioH ;,,(T) for sampleN P132

(open symbolsand for sampléN P017 (close symbols Both
the curves present the well-known three-dimensigB8l)—
two dimensional2D) crossover, changing their dependencebelowT,,. The field position of the peak idy is temperature
from linear to square root like below a certain temperaturedependent. In Fig. 7 we have plotted the fields at which the
Ter. This effect is related to the temperature dependence gieak is observedH,, vs the temperaturd for both the
the perpendicular superconducting coherence legg(i).

sample NP017 withlpg=17 A and for sample NP066 with
dpg=66 A, as shown in Fig. 6, thd.(H) curves do not
present a peak even at the lowest reached temperature, well

samples NP132 and NP170. The solid lines are the best fits
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FIG. 5. The critical current density, vs parallel field for NP132 sample at five temperatures.
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FIG. 6. The critical current density, vs parallel field for NPO66 sample at different temperatures.

calculated assumingp(T)~(l—T/TC)ﬁ. In both the cases on the matching of the vortex lattice with other periodic
B=0.6, very close to the value of the exponenbbtained structures present in the system, but, especially after the dis-
for the temperature dependencerhb (T) belowT.,. Simi-  covery of the HTSC's, new mechanisms have been proposed
lar results have been observed in HTS€syhere the peak to explain the presence of a peak in th€H) curves. For
position showed the same temperature dependence of the &xample, as it was recently showha possible origin of the
reversibility field. peak effect observed in HTSC's could be the crossover from
In Fig. 8 we show the normalized pinning forfevs the  gjastic creep of vortices at low magnetic field to plastic creep
reduced parallel magnetic field at different temperatures ¢ high magnetic field. According to this explanatid,,
for sample NP170. Thé(h) curves for sample NP132 are gnoyld be temperature dependent with a dependence deter-
similar to those presgnted in Fig. 8. All the curves of Fig. 8mined by that of the vortex line tensian, namely,H ,(T)
scale well in the region of largk values, while at smalh ~ €o(T)~N(T) " *~[1—(T/T)*]2. Therefore, this model

values the scaling is accomplished only for the curves takeﬂives the H,(T) dependence with an upward curvature
p 1

at temperatures below 3 K. B&lo3 K the f(h) curves are N .
: . . , while in our case the measuréti,(T) curvature is down-
typical of a strongly interacting vortex system at low fields ard

(h<0.5) while at high fields I{>0.5) thef(h) behavior is Another model developed by Kuget al’® in the case of

that related to noninteracting(individually) pinned i : ; . .
vortices?22% Above 3 K the curves present a plateau when® superconductor with normal inclusions, is able to explain

h—0. the peak effect in superconducting multilayers, even though
We now compare the experimental data with the existindt 'S intended to be applied directly in the case of bulk

theoretical models. The large part of these models is based TSC’S. In their approach Kuget al. relate the presence of
the peak effect to a sudden increase of the elementary pin-

N EE——————— ning force due to the suppression of superconductivity by the
08| | external magnetic field in the normal inclusidRd layers.

NP170 o . -
" o At low magnetic fields, the extension, due to the proximity

o7l e NPi32 | effect, of the superconducting wave functions in the normal
zones(Pd layersg is large, so that the order parameter is only

06 L i weakly suppressed and the differenk€& between the free
energy in the normal zond®d layer$ and in the supercon-
ducting zonegNb layers is small. At high fields, the order
parameter decays faster in the normal zones than in the su-
perconducting parts, so thAF increases. The pinning force
is obviously proportional taAF, therefore increasing with
increasing fields. This model gives a temperature depen-
L dence ofH, related to that of the superconducting param-
20 22 24 26 28 30 32 34 36 eters in the normal zones and qualitatively describes the ob-
T (K) served temperature behavior of the pinning forces. On the
other hand, according to Kuget al, the peak effect should
FIG. 7. The dependence of the peak fielg vs the temperature be present only in systems whedg> & (d, is the dimen-
T for two samples. The solid lines are the fits to the data obtainegion of the normal inclusions arg} is the coherence length
from the relationH ,(T) = (1—T/T;)” with B=0.6. in the superconducting zoneshile in our Nb/Pd multilay-

0.5 |- 4

HoH, (M)

04 L N
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FIG. 8. The normalized flux-pinning forde=F,/F, nax VS perpendicular reduced magnetic fiblet H/H, for the sample NP170 for
five temperatures. The solid line is the fit to the data obtained from the relgigrch®%(1—h)*C In the inset: the flux-pinning force
densityF, vs the parallel magnetic field at different temperatures for the same sample. The symbols are the same as in the figure.

ers we have observed it even in the case dgi=dpy the values ofM/m were higher than 4 and there was not
~&4(T)/2. Finally, the intrinsic pinning assumed in the agreement between the field values calculated from(Eq.
model, should give high critical current densities in the re-and those observed.
gion of peak effect,at least two orders of magnitude larger ~ Koorevaaret al° measured &l ,(T) dependence similar
than those measured in our samples, whikre10° A/cm?. to that of theH ,,(T) on Nb/NbZr multilayers. The presence

In trying to explain our experimental data, we have, thereof the peak effect in their system was tentatively explained
fore, turned our attention to the theories based on matchingssuming VL phase reconstruction when the dimensionality
effects. One of the first proposed is that of Ami and Mdki, of the system goes from 3D to 2D. According to Ref. 10, the
based on the matching between the vortex system and thgsak inJ, should be due to a change in the topology of the
multilayer periodicity. According to Ami and Maki, the yortices in the system from rigid bars to perpendicular pan-
matching fields for the peak effect are given by cakes connected by parallel strips. This model assumes that,
even in the case of parallel field measurements, there is al-
woHm =22 , (1) Wwaysa finite perpendicular component of the external field

" 2A° n*tmStnm due to small misalignment that determines the presence of

wheren,m=1,23 ... . Thepossible values of the matching perpendicul_ar pancake vortices. This interpretation qualita-
fields for the sample NP132 do not correspond to the obliVely explains theH,(T) dependence and thigh) curves
served values in Fig. 5. scaling below a certain temperature. In fact, thg(T) de-
Another model, in which the peak position is related to aPendence is directly related to the 3£2D crossover of the
matchinglike mechanism, is that proposed by Brongersmélczi(T) curves, while thef(h) curves should be related to
et all* According to this model, the formation of vortex strongly interacting vortices at fields belok,, while at
structure in multilayered superconductors in parallel maghigh fields h—1) the pancakes should be less interacting
netic field is not governed by the periodic layering but by thewith each other. The approach given in Ref. 10 does not
rearrangements of the parallel vortex system, during whiclexplain why the peak effect in our Nb/Pd multilayers is ob-
an increasing number of vortex chains is formed. In this caseerved only wherdpg>100 A, even though in the case of

the peaks should occur at fields the samples NP066 and NPO17, respectively, wdiky
=66 A and 17 A a 3D-2D crossover in thél ., (T) curves
v3 £ [N)? is observed.
MOHsz P f_u (5) ' 2 Joining the idea of the presence of vortex kinks in our

layered system with that of matching effects with the artifi-
where D is the total thickness of the sample adi  cial periodic structure, we have developed a model that de-
=2,3,4 ... isrelated to the number of vortex chains. This scribes the field position of the peaks and the observed
model has been developed to explain the peak effect obl.(H) dependence close to the peaks also taking into account
served in Nb/Cu multilayers with very low values of the the observed temperature scaling of the pinning forces. A
anisotropic Ginzburg-Landau mass ratd/m=1.4. In our  qualitative explanation of the temperature dependence of the
case, for the samples in which we observed the peak effect], values is also proposed.
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The critical current density can be obtained from the condi-
tion of force equilibrium

1%
7y (EL+Ee)=0, (6)

which reads, by means of Eq®) and(6), and forH,<H

vl / /
V ’ / Hy |2
) / / JC=Jc0<—p> : @)
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At H<H, the matching condition is violated and the vortex
system can adjust itself to the layered structure, for example
by creation of point dislocations with the concentration
FIG. 9. Sketch of the vortex structure in the multilayers in par-(Hp—H)/H,. This increases the energy density of the vor-
allel field. L, andL, are the lengths within which kinked vortices te€x system(compared with the equilibrium Abrikosov lat-
appear. tice) by the amountpoH/N N\, H,—H/H,. Another possi-
bility to organize vortex system belol¥,, is to slide vortices
B. The model along the layers forming a rare lattice. In contrast to the
iprevious possibility the energy density pay is less, namely,
= (doH/M N\ )[(Hp—H)/(H)]2.% This makes the second
possibility more preferable at least at not high—H/H,
values. For such a stretched lattice the energy of the bound-

0

In a Nb/Pd multilayer, the resistance due to the motion o
vortices across the layers should result in high critical curren
densities §,~10—10® A/cm? because of strong intrinsic
pinning? On the other hand, the motion of vortex kinks in T . . iq.a
the magnetic field direction will give a resistive state with &7 at X_.O In F|g..9 1S propoonna_tI toe™* where a
lower J. values (10*—1C A/cm?). For the orientation of =¢o/HA s the period along the axis, the wave vector
the magnetic field parallel to the layers, kinks can enter th&x =1 Axydz/C and, for a triangular latticeq, = m/a. This
sample through imperfectness at the sample edges. allows to estimate the boundary energy as

Suppose layers to be in they plane and the magnetic H2L
field H is directed along the axis while the current is o 0=z e "Ny, 9)
along thex axis. The imperfectness at the sample edges de- AxyhzA

termines Si26$_x and L, of the kink region in Flg 9. The Differentiating the sum of Eq33) and(g) with respect toy
energy of the system consists of the Lorentz energy one gets the critical current density fei<H,,

$oA (LXLZ ) H 2 H
E,.=——7-1 Hly, 3 N P m P
L C (;50 y ( ) JCNJCOWEX;{E (1_W) .

whereJ is the_ current density af‘d is the structure _penod Expression$8) and(10) give the shape of the matching peak
along thez axis, and of the elastic ener@, that originates ¢,y in Fig. 10 which very well describes the observed
from the _m|smatch of vortex lattices at<(_) andx>0. The_ experimental behaviaiFig. 5), while Eq. (4), using the data
da;hed lines ak<0 represent the unshifted vortex lattice in Table I, gives exactly the observed valueyf (0.77 T) in
which matchgs the>0 systgm. , ) _the case of the Nb/Pd sample witlhi;=132 A. Moreover,
_ The matching magnetic field is determined by the condiye change of the vortex structure acréss also accounts
tion for the unusual behavior of the pinning forces at hidgh (
—1) and low h—0) magnetic fields, using an argument
ﬂ similar to that proposed by Koorevat all® Finally, this
A 4 _
j model also explain the absence of peak effect whep
. <100 A. In these samples, in fact, E@) givesH, values
where X ,=A \;/Ayy is the Josephson length and/\,,  pigher than or comparable td.,. Moreover, at lowerdpg
=VM/m. At H>H, vortices fill in the layers with a high vajyes the typical dimension of the Abrikosov vortices
p_o_pulation and the elastic energy densitgacquires the ad- (N\/E) starts to be comparable to or higher than the Pd
ditional small2 zfglctor Hp/H)® so that e~(éoHp)/  |ayer thickness, rendering uneffective their pinning strength.
(AxyA2) (Hp/H)®.*" The scalex, along thex axis becomes The position of the matching fielth, is temperature inde-
Xo=MAjH,/H. The elastic energy can be estimated now as pendent in the ideal case but in reality perfectness of the
, vortex lattice is violated and the matching peakJiiH) is
$o ) Hp L, 5) smeared out the more the closer the temperatufi, toThe
4mh,y/ H A Y. experimentally observed, is contributed by the two mecha-

(10

3

Hp=

NS

Ee~ eXoly~ (
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where JP™(H) decreases with the increase léf This re-
sults in a shift of the observed peak position toward lower
magnetic field under increase of temperature.

Jo22 J,

vgenr [ (1- 7)) V. CONCLUSIONS

We performed a systematic study of the vortex dynamics
in Nb/Pd multilayers. The data obtained in the case of exter-
nal perpendicular magnetic field indicate the presence of
strong pinning centers located at the grain boundaries. In the
parallel magnetic field at<0.9 the peak effect in.(H)
dependencies has been observed in samples with ldge (
>100 A) Pd layer thicknesses. Our comparison of the ex-

: ‘ ' perimental data with the available theories indicates that the

e T os 10 15 20 origin of the critical current increase at some magnetic fields
H/H should be related to the matching of vortex kinks with the

P periodic structure of the system. We have developed a model

based on this matching which takes into account the main

I

0.5

FIG. 10. Normalized critical current density as a function of

_ " : observed features and describes accurately itid) depen-
normalized magnetic field calculated according to Eg@sand(10).

dence close tdi .
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