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domain wall through an artificial energy barrier

S. Mangin
Laboratoire de Magrisme Louis Nel, CNRS, Boite Postale 166, 38042 Grenoble Cedex 9, France
and Laboratoire de Physique des Magix, UniversiteHenri Poincare-Nancy |, Boite Postale 239,
54506 Vandoeuvre-les-Nancy Cedex, France

A. Sulpice
Centre de Recherche sur les $rBasses Tempatures, CNRS, Boite Postale 166, 38042 Grenoble Cedex 9, France

G. Marchal and C. Bellouard
Laboratoire de Physique des Maitaux, UniversiteHenri Poincare-Nancy |, Boite Postale 239,
54506 Vandoeuvre-les-Nancy Cedex, France

W. Wernsdorfer and B. Barbara
Laboratoire de Magniisme Louis Nel, CNRS, Boite Postale 166, 38042 Grenoble Cedex 9, France
(Received 16 June 1998; revised manuscript received 31 December 1998

An experimental study of the dynamics of the propagation of 180° domain walls from a first GdFe layer to
a second GdFe layer through a very thin ThFe layer is presented. In this system, TbFe constitutes a very hard
magnetic layer that acts as an energy barrier. It is shown from relaxation and from quasistatic measurements
that the propagation of the domain walls can be analyzed as the crossing of an energy barrier from a metastable
state to a stable state. The relaxation data can be fitted with a unique relaxation time, which is quite unusual in
magnetism. The system is modeled by an assembly of parallel and similar domain-wall junctions. The evolu-
tion of the energy barrier parameters with the thickness of the ThFe layer are reported.
[S0163-182699)07625-0

INTRODUCTION Gunther and Barbafavho have proposed an attractive sys-
tem named domain-wall junctiofDWJ). This device,

The magnetization reversal processes that are known to ksketched in Fig. 1, is made of three ferromagnetic regions: a
of prime importance in most of the applications involving first one, where a DW is created, a second one that acts as a
magnetic materials, as for example, in magnetorecording mdinning region for the nucleated DW, and the last one that is
dia, have been studied intensively, especially since the pigdedicated to the collection of the DW after the crossing of
neering work of Nel' and Brown? Since then, a lot of stud- the pinning region. However, one of the biggest experimen-
ies have been devoted to the dynamic of the magnetizatioﬁi' difficulties of this device is the achievement of the nucle-
reversal and its temperature and magnetic-field deperftion of only a single DW in the first region. It could be
dence®~®In fact, most of the works have concerned complexréached by a reduction of the lateral size of the sample to a
systems, where different processes of domain nucleatiodength of the order of magnitude of the radius of a single
domain-wall propagation, and magnetization reversal oflomain particle. This range of sizeeveral thousand ang-
small grains were involved simultaneouSf{.Usually, the  stroms is commonly obtained by lithography techniques, but
processes can be described by using models involving en-
ergy barriers that the system has to cross, by thermal activa-

tion, to reach more stable configuration states. However the |

distribution of the defects and/or of the size and shape of the T .
domains and of the domain walls, makes the analysis very GdFe >¥ Domﬁm
difficult. The ideal solution would be to study the behavior of (ey=10004) (™ 4 Wa
individual entities such as a single magnetic domain or a - T

single domain wall(DW). This goal has been recently ><

reached with the measurement by micro-SQUID of the mag- TbFe _,< Pinning
netization of individual ferromagnetic single domain nano- (e) < Layer
particles. The micro-SQUID technique has been described GdF. ><

and used by Wernsdorfet al>’ They have showhthat the e =508 A) R
magnetization reversal of a single-domain Co particle could 2 P = )

be described by the crossing of a single energy barrier as

originally proposed by Re' and Brown® FIG. 1. Schematic figure of a domain-wall junction made of a

The study of the interaction between a single domain walhard magnetic materi&lbFe between two soft magnetic materials
and a well-defined potential barrier is probably more com{GdFe. The TbFe layer acts as a pinning layer for a domain wall
plex. The problem has been investigated theoretically byreated in the thicker GdFe layer.
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it is very likely that the lateral reduction induces dipolar earth, which is isotropic in gadolinium and strongly aniso-
fields and creates conditions that will modify the shape of theropic in terbium. Since the domain-wall energy in zero field
domain wall. A compromise is to study the behavior of anjs given byo=4/AK, whereA is the exchange constant and

assembly of identical and quasi-independent DW's, nuclex the anisotropy constant, the energy of a domain wall is
ated in a planar thin film, propagating perpendicularly to thegwer in a soft magnetic material than in a hard magnetic
film and interacting with an extended artificial plane defectyaterial. The TbFe layer will then pin the domain walls be-

that acts as a barrier. _ cause of its high anisotropy.

. In fact, we have elabora;;[ed a dewc%lthatf béehavgs to"a (iv) A good structural continuity is desirable in the trilay-
.'rSt gpproxmqﬂon as such an assemoly of domain-waly g 54 ng parasitic structural defects would pin the DW at the
junctions. This system is an amorphous trilayer,

. 7~ interface between the layers. By using amorphous materials
GdFeg,)/TbFe@)/GdFeg,), where GdFe is a soft ferri- quasi-isomorphous alloys, we expect to minimize this
magnetic material and TbFe is a hard sperimagnetic layeﬁroblem and to reach a good homogeneity, at least at the DW
(Fig. 1. In this systemg; is larger thane, with typically '

e a : scale(some hundreds of angstroms

lel_loooA atr)ldtez—SogA.deh(;e’ghgzknesga' of thetthFe | (v) The domain walls have to be created in one of the

Iayer ranges be W@i? arr11 d’ epe? Itn%l (?cn € Sampigsjre layers, interact with the TbFe layer, and cross this hard
N previous pape we have demonstrated Irom quasi- magnetic layer, without any domain-wall nucleation from the

static magnetization measurements and from resistivity Meay ior surface of the second GdFe layer. This is actually
surements that the nucleation of domain walls occurs at ﬁrséchieved with unsymmetrical samples ir; which the two

in the thicker GdFed;) soft fgrrlmagnetlc layer. Then,_ W€ SdFe layers have unequal thicknesses: typically 1000 and
have shown that, under the influence of the magnetic fiel -

. layer deposited on a ThFe layer, depends strongly on the
magnetic layer. _ thickness of the GdFe layer. We have shown tHatin-

. In this pziper, we present_a dynamic study of the Propagaz aases rapidly when the GdFe layer thickness decreases.
tion of 180° domain wall; In such a system. We show ©OThe nucleation fieldof a DW from the GdFe outer surface
what extent the propagation of the DW through the TquS H.,=18Oe in the GdFE000 A/TbFe system, and is

layer can be considered as the crossing of an energy barrigr : .
characterized by a single activation energy. We highlight thi(r12 60 Oe in the GARE00 A)/TbFe system. The crossing

) g ) e f the TbFe layer by the domain wall nucleated in the
mfluen_ce of thermal act|vat|0r_1 and determl_ne the variation o dF€1000 A) layer can actually then be studied for fields
the height of the energy barrier as a function of the extern etweenH . andH

magnetic field and of the thickness of the TbFe layer. Fi- ni nz:

nally, we confirm the analysis by comparing simulated qua-

sistaticM (H) curves to the experimental data.
QUASISTATIC BEHAVIOR OF THE SYSTEM

The quasistatioM (H) behavior of the system has been
presented in previous papéfs:! As explained above, it was

The GdFeé,)/ TbFe)/GdFeg,) trilayers were obtained demonstrated that there is no nucleation from the outer sur-
by evaporation and deposition on glass substrates first coface of the(500 A) GdFe layer belowH ,,~60 Oe and that
ered by 100-A silicon layers. The substrates were kept at ththe propagation through the TbFe layer could be studied
liquid-nitrogen temperature during the deposition processvhen the propagation field, was comprised betwed,;
and the samples were finally covered by 200-A-thick silicon~18 Oe andH,,~60Oe. The variation of the propagation
layers. field Hy(e, T) measured as a function of the temperature for

The GdFeg(e;)/ ThssFes(e)/GdsFess(e,) system has  different thickness of the TbFe layer is shown in Fig. 2. We
been chosen in order to satisfy the criteria described belowobserve that for a given temperatdreH , increases with the

(i) The layers have to be ferromagnetic or ferrimagneticthickness of the ThFe layer which means that the height of
These rare-earth alloys are ferrimagnetic. The compositionthe energy barrier increases with the thickness of the TbFe
have been chosen in such a way that the magnetization of tHayer. On the other hand, for a given thicknessH, de-
rare earth be dominant and that the Curie temperatures of tregeases when the temperature increases. This undoubtedly
alloys be close to room temperature. shows that the process is thermally activated.

(i) An uniaxial anisotropy axis has to be present in the Now, we focus on three different magnetization versus
GdFe layers plane in order to allow the nucleation and thdield [M(H)] loops obtained from the GdFE00 A)/
propagation of 180° domain walls along the direction per-TbFeg4.5 A)/GdF&500 A) sample at 15 KFig. 3). The mag-
pendicular to the plane of the film. This condition has beemetic field was applied along the easy anisotropy axis. Before
fulfilled with the oblique evaporation from the Gd and Fe the data for each loop were collected, the magnetization was
sources placed symmetrically about the substrate. As showsaturated(Fig. 3, pointA) by cooling the sample under a
in Ref. 12, this leads to the occurrence of the in-plandarge positive magnetic field 000 O¢. To ease the descrip-
uniaxial anisotropy axis. tion of the magnetic loops, we defined two states for domain

(iii) The central layefTbFe has to act as a pinning plane walls: state 1[Fig. 4(a)], where the domain wall is stopped
for the DW created in the soft magnetic lay&dFe. The by the TbFe layer and compressed against it; stafEi@
very large anisotropy difference between the two all®es/-  4(b)], where the domain wall has crossed the barrier and has
eral orders of magnitudés due to the 4 cloud of the rare  propagated in the 500 A GdFe.

THE SYSTEM GdFe/TbFe/GdFe
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FIG. 2. Variation of the propagation field, as a function of S ] S~ |
temperature for a selection of GdEE00 A/TbFe)/ - T L |
GdFe(500 A) samples. The values indicated on each curve corre- ~
spond to the thicknessof the TbFe layers. a) State 1 b) State 2
(@) M(H) loop collected from GdFe(1000 A)/TbFe(4.5 FIG. 4. Schematic figure of the two magnetic states of a
A)/GdFe(500 A) at 15 K in a magnetic field sweeping from domain-wgll junction: State ;a): the DW is pinneq by the ThFe
£1000 Oe to—1000 Oe then from—1000 Oe to 1000 Oe layer and is compressed against the hard magnetic layer; State 2

the DW has crossed the barrier, and the DWJ is saturated.

From.A tO_ B (Fi.g. 3)_’ the system is kept saturated along (b) M(H) minor loop measured on GdFe(1000 A)/TbFe(4.5
the cooling field direction. At the fieltl ,; close to 18 Oe, a A)IGdFe(500 A) at 15 K in a field sweeping from+1000 Oe to
first step occurs. It is interpreted as the nucleation of the —24 Oe then from—24 Oe to 1000 Oe
domain walls in the1000 A GdFe layer. AtC, the DW'’s _ _ _ o
are stopped by the TbFe layer and frainto D they are .Fm”? minor cycle(b), an Interesting beha_lwor IS opserved.

: This minor cycle was obtained by reversing the field from
compressed against the TbFe layer. H= - 240e at int) located bet h leati f
Then at the fieldH (e, T) the magnetization of ThFe € at a point located between the nucieation o

switches. The DW’s propagate in tk800 A) GdFe layer. At the DW's (point C) and their propagatioripoint D). We

L . observe that the magnetization is at first almost reversible,
E the magnetization is completely reversed and is saturate\glhich corresponds to the decompression of the domain

along the field directiorfopposite to the cooling fie}d_ . walls. Then, even before the zero field, the magnetization

FromH = —1000 Oe tdH = + 1000 Oe, the magnetization qrqns hack to the initial saturated state. This means that no
versus field curve is symmetrical to the first part describeqyreyersible crossing of the energy barrier has occurred. The
aboveF, G, H, andl are points equivalent 8, C, b, andE,  pwJ's have nucleated, been compressed, decompressed, and
respectively. finally annihilated.

(c) M(H) minor loop measured on GdFe(1000 A)/TbFe(4.5 A)/

S 1 GdFe(500 A) at 15 K in a field sweeping from+1000 Oe

é to —28 Oe then from—28 Oe to 1000 Oe

g 0.5 The minor loop(c) is obtained when the field is decreased

g and reversed froni = —28 Oe (point K) in the magnetiza-

-% tion drop attributed to the propagation of the domain walls

g o (located somewhere betwe@nand E). The minor loop(c)

§ can actually be described as the weighted superposition of

= two components: the full hysteresis lo¢@ and the minor

R-05 hysteresis loogb), which means that some of the domain

3 walls have crossed the barrigstate 2, whereas the rest of

g 11E them are still compressed against the TbFe bafstate J.

Z 40 20 0 F 20 40 FromK to L we observe the decompression and the annihi-
Magnetic field (Oe) lation of the domain walls that have not crossed the barrier

[as for loop(a)]. From L to M we observe the new nucle-
FIG. 3. Three hysteresis loops collected from GdPe0 A/  ation, compression, and propagation of the domain walls that
TbFe5 A)/GdF€500 A) at 15 K. Loopa: (@) for magnetic field have crossed the barrier betweBnand K. Note that the
sweeping from+1000 Oe to—1000 Oe and then from-1000 Oe fields at which the DW nucleate, propagate, or are annihi-

to +1000 Oe. Looh: (M) for magnetic field sweeping front1000  lated are the same for lodg) as for loops(a) and (b).
Oe to—24 Oe and then from-24 Oe to+1000 OeJ (H,M) is the

point at which the variation of the field is reversed. Laog[]) for
magnetic field sweeping front 1000 Oe to—28 Oe and then from
—28 Oe t0+1000 Oe. K (H,M) is the point at which the varia- To obtain more information on the energy barrier due to
tion of the field is reversed. the TbFe layer and on the propagation process of the domain

RELAXATION MEASUREMENTS
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FIG. 5. Hysteresis loops collected from a GEFe00 ATbFeg3 s 1 ' ' ' '
A)IGdF&500 A) sample at different temperaturés,, is the nucle- 2 4K
ation field for the GdFEL000 A) layer. H, is the propagation field g 08 ; 2‘6‘ 82 i
(passage of the DW through the TbFe lgyer § + 370

g 06 x 38 Oe 1
wall through this barrier, we have performed a set of mag- éo o4 v 2(9) 8e |
netic relaxation measurements. As the height and the shape o exp(-eFt)
of the barrier are expected to be a function of the magnetic % 02 |
field, the relaxation measurements were performed at differ- E
ent temperature$ on samples submitted to several magnetic 2 0 .~ L

fields H. The experimental procedure was the followirtg: o 1t 2 3 _4 5 6 7 8

At first, the sample was cooled to the measurement tempera- b) Te

ture, under a 1000-Oe field applied along the easy magneti-

zation axisii) Then the system was brought from the initial o 1 —

saturation(point A of Fig. 3) to the measurement field. The A 5K

measurement field was smaller than the quasistatic propaga- £ o8 e 280¢ 1

tion field Hy(e, T) that corresponds to points located be- § f g(l) 82

tweenD and E of Fig. 3. (iii) Finally at the measurement 206} %O % 320e T

temperaturd and under the external field, the magnetiza- E P v 330e

tion M(t)=M (e, T,H,t) was followed as a function of time. Eoar % " 340e 1
Very similar behaviors have been observed for all 2 X PO

samples in which the ThFe thickness ranges from 3 to 10 A. g

So, as an example, we describe in the following the g

time dependence of the magnetization of GABE0 A/
TbhFe3 A)/GdF&500 A). The quasistatic propagation fields
H,, of this sample are shown in Fig. 5. They are about 47 Oe
at 3 K, 40 Oe at 4 K, and 35 Oe at 5 K. The.re"?‘xa“of‘ FIG. 7. Variation of the reduced magnetizatiBras a function
measurements were performed under magnetic f|el(_1$ N5t 't collected from a GARA000 A/TbFe3 A)/GdF4500 A)
cluded in a range of about 10 Oe around the quasistaticympe under different magnetic fields at 3 K, (b) at 4 K, (c) at
propagation fields. 5 K. TheT values are reported in Table I.

a 0 ‘ : : : As shown in Fig. 6 foiT =3 K, M(t) decreases with time,
é ﬁoo_om%ﬁr L __ 3k from the magnetization valge obtained duripg quasistgtic
g 02p, Pog_ ©00041 Qe, o measurements at the given field towards the final magnetiza-
‘g o DDDD tion — Mg corresponding to the reversal of the whole sample
% 04 —v"o A 43 0% . magnetization. The decreasing is rapid when the field is
5 45 Oe o close to the propagation field and, as a matter of fact, it
& 061 46 Oe, ° g 1 becomes slower and slower when the measurement field is
B 470, o N shifted towards lower fields.
=08 7, “a, iy We then define the normalized quantiyt):
g 1 v"vzoi“A»AAAAA :
Z 70 210 4100 610° 810° 110° B(t) = M (1) + Mg @

Time (s) M;+M;

FIG. 6. Evolution of the normalized magnetizatioM{M,)  Where Mg is the magnetization of the saturated sample
as a function of time a3 K for a GdF¢1000 A/TbFg3 A)  (—Ms is the magnetization in the final statend M; is the
GdF&500 A) sample under different magnetic fields. The horizon- initial magnetizationM; has been chosen as the magnetiza-
tal line L shows the initial magnetizatiol; . tion of the sample when the domain walls are compressed



S. MANGIN et al.

1208 PRB 60

50 T T

[TIn(T, 1)]*?

0 | | | 0
0

1
20 30Q 40 50 60 20 40 60 80
Magnetic field (Oe)

Magnetic field (Oe)

100

FIG. 8. Variaton of TIn([,/l) of a GdF&1000 A/ FIG. 9. Variation of[ T In(To/I)J** as a function of the mag-
TbFe3 A)/GdF&500 A) sample, as a function of the magnetic field Nnetic fieldH obtained ftt)lm a GdR&000 A)/TbFg3 A)/GdF&500
H for different T’y values. R) sample foly=10°s™™.

@

against the TbhFe layer. It is the value of the magnetization P(O=exp(~T),
that just precedes the droptdt,. The value ofM; is shown ~ wherel' is the passage frequency.
in Fig. 6 by the lineL. For exampleM; /M =0.9 in the
GdF&1000 A)/TbFe3 A)/GdF&500 A) sample at 3 K. Note
that in Eq.(1) we definet=0 as being the time for which
M(t=0)=M,;. B(t) turns out to correspond to the fraction t
of the sample _in which the domain walls have not yet crosse(ihd and similar DWJ's that behave quasi-independently,
the TbFe barrier. o o _ ~ which is the model that we develop below. Locally, the
The important qualitative point is that for a given field, ¢rossing of barrier by a domain wall can be considered as a
with a corresponding barrier heightE(e,H),** there is only  transition between two statestate 1[Fig. 4@)], the DW is
one temperature for whicB(t) varies from 1 to O within  pinned by the TbFe layer and is compressed against the hard
some hours. For example, if we consider the fighd magnetic layerstate 2[Fig. 4(b)], the DW has crossed the
=370e, we observe thaB(t) varies from 1 to 0 atT barrier, and the concerned DWJ is saturated.
=4 K, but that, for the same field, it remains equal to 1 at B is then equal to 1 when all DWJ’s are in state 1 and
temperaturel = 3 K and drops immediately to 0 dt=5 K. B=0 when the magnetization is reversed in each domain-
Actually the effect is so sharp that tié=37 Oe curve can- wall junction and has reached M. B(t) turns out to be
not be placed in Figs.(d) and 4c). Even if the 1 K step is  the fraction of domain-wall junction that haweot crossed
relatively large in this temperature range, it is clear that suctihe barrier at time.
a behavior is consistent with a sharp distribution of the With this hypothesis,r is the relaxation time and’
height of the energy barrier. =1/7is the passage frequency of the domain vyaII through
As shown in Figs. @), 7(b), and 7c), the plots ofB(t) the. Tb_Fe potential barrier. In_the case of classical thermal
can be fitted by an exponential law ex(t), atT=3 K as  activation,I' follows an Arrhenius law:
well as at 4 and 5 K, which is quite consistent with the above _
remark. Thel values are reported in Table I. I'=Tolexp(—AE/KT)], ©)
Such an exponential law is typical of the crossing of awherel', is the attempt frequency anklE the height of the
potential barrier by an assembly of quasi-identical and indeenergy barrier that separates the two states. Following the
pendent object¥! It is typical of two states systems in which
the objects would have a probabiliB(t) to cross the barrier 8 '
and switch from statél) to state(2),

MODEL AND ANALYSIS OF THE RELAXATION DATA

In our system, the potential barrier is undoubtedly due to
e TbFe layer and the objects could be an assembly of par-

TABLE I. Values of the passage frequenEyfor different tem-
peratureT and different applied magnetic fiel.

0

[Tin(T /D]

T=3K
H (O 47 46 45 43 41
T (10°%s™h 18.8 9.52 5.92 1.45 0.385

T=4K 0 ‘ : ‘
H (O¢) 40 39 38 37 36 34 40 M 80 10 160200

Yt agnetic field (Oe)

I (1074s™h 50 286 133 625 286 0.4

T=5K FIG. 10. Variation of [TIn(I,/T)]** as a function of the
H (Oe 34 33 32 31 30 28 magnetic field H collected from GdFE000 A/TbFg3 A)/
T (10%s™h 77 40 19 85 403 071 GdFg500 A), GdF€1000 A)/TbFeg4.5 A)/GdFeg500 A) and

GdF&1000 A)/TbFeg7 A)/GdFE500 A) samples.
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—
o

analysis of Gunther and Barbareoncerning isolated DWJ,
we consider that the heigitE of the barrier follows the law

a

AE(H)=AE, , (4)

1__
Hy

IN GdFe/TbFe/GdE . . . 1209
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FIG. 12. Variation of the reduced magnetizat®ms a function
of the magnetic fieldH. (a) obtained from quasistatic measurements
on sample GdRA000 A)/TbFe()/GdFe(500 A) andb) by using
expression(5) and the parameters obtained from the relaxation
measurements on the same sample.

criterion, the actual value df is that for which the height
of the barrierAE(H) plotted against the field makes a con-
tinuous line. ASAE(H) is equal toT In(I'y/T"), we have plot-
ted T In(I'y/T") versusH for differentT" values. As shown in
Fig. 8, for the GAFE000 A/TbFg3 A)/GdF&500 A)
sample, each temperature provides pieces of the curve whose
slopes and levels depend éky. The correctl’ is that for
which the pieces of the curve make a continuous line, which
is achieved here foF, close to 16s1. Indeed, it appears
that smaller or larger attempt frequencies lead to discontinu-
ous sets of pieces of curve, which would be inconsistent with
a continuous relation between the external field and the
height of the barrier.

Then the plot ofT In(T'y/T")*?2 versusH (Fig. 9), which is
a straight line if Eq(4) is correct, allows us to determimeg

wherea is an exponent that the authors estimated to be equalnd thenAE, by extrapolation of the curve to the axis. The

to 2 (Ref. 9 and Hg is the critical field at which the barrier
vanishes.AE, is the height of the energy barrier in zero
field.

estimated values arldg= 76 Oe andAEy=240K.
Similar relaxation measurements have been performed

on several other samples as GUR®0 A/

Three parameters that depend only on the TbFe thicknestbFg4.5 A)/GdFg500 A) and GdFé€1000 A/TbFe7 A)/

(in this mode) have to be determined’y, AE,, anng. To

GdF&500 A). The behavior of these are very close and show

determine these parameters, we have used a method that #atB(t) can again be described by a unique relaxation time.

will refer to as a “continuity criteria.” According to this

The application of the continuity criteria to these samples



1210 S. MANGIN et al. PRB 60

shows that the suitablé, values arel',=10"s ! for e ~ TbFe3 A)/GdF&500 A) sample. The experimental and cal-
=45A andly=10°s ! for e=7 A. However, they show culated values are very close and, in the same way as the
that the exponenta has to be larger tharg. Indeed relaxation measurements, the quasistatic magnetization can

TIn(T,/T)® versusH can reasonably be considered as aactually be used to determine the relaxation timand its
straight line for all samples, i# is close to 4, as shown in thermal depengence. _ N

Fig. 10. We can note that this value is rather high since it has TheAEo, Hp, andl'o values determined by the fitting of
been shown that in the case of uniform rotation of the magthe quasistatic magnetization data are reported in Fig. 11 and
netization,e could not exceed 2. The paramete&vg,, H?, ~ Marked with a full square. Finally the values reported for the

)
andT, deduced from this fit are shown in Figs.(a-11c)  CdFe1000 A/TbFe2 A)/GdFe500 A) sample were col-
and are marked with a cro¢x). lected from micro-SQUID measurements and are marked

with a full circle.

We can note that those three parameters are increasing
when the thickness of TbFe is increased. The increases of
We used the same model and especially the same fieldE, (the height of the energy barrier when no field is ap-

dependence foAE to fit the data collected in quasistatic plied) anng (the critical field for which the energy barrier
measurements such as those reported in Fig. 5. Indeed, thesmnishe} were expected. However, the large increase of the
measurements can be considered as dynamical, with a magttempt frequency', has still to be understood.

netic field that varies linearly with time, at a rate of 0.5 Oe

per min. Following the Kurkijavi analysis!® the passage rate

of a magnetic entity through an energy barree(H) that CONCLUSION

depends only on the field can be expressed as a function of

the ratev at which the external magnetic field is increased as  In conclusion, we elaborated a system that exhibits a qua-
sisingle relaxation time, which in magnetism is extremely

QUASISTATIC BEHAVIOR

H'\ ¢ rare. Such behavior is probably due to the occurrence of an
1 H —AEo| 1- HO assembly of very few distributed domain walls in a well-
B(H,v)=ex ) f exp T P dH’ |. defined model system. From the relaxation behavior, and us-
ToU) Jo

ing a simple one-dimensional thermal-activated model, we
(6) have deduced very important parameters, such as the field
In our model,B(H,v) would be the ratio of domain walls dependence of the height of the barrier due to a very thin
that have not yet crossed the barrier when the fidlds layer of extremely hard material. We report the efficiency of
reached. the potential barrier created by TbFe layers with a nominal
Then, according to the Kurkijai analysis and assuming thickness of only 2 03 A that is quite remarkable. The
that AE depends on the magnetic field through the relatiorSystem is also a very demonstrative example of the potenti-

(4), the propagation fieldH , is given by alities of the concept of domain-wall junction.
However, from this study, a lot of questions remain open.
KT ( H) kT 1 ”1’“

To give an answer, we are now experimenting with magnetic
Ag.n v7o AEp ae® 1 ®  force microscopy and transmission electron microscopy
techniques to visualize the configuration of the magnetiza-
The comparison of the experiment8(H,v) data with  tion in our sample as a function of the applied field. Also we
the values calculated from the above relations, using thstill have to look for an explanation for the large increase of
parameters deduced from the relaxation measurements, tise attempt frequenclj, with increasing ThFe thickness and
shown in Figs. 1@) and 12b) for the GdF€1000 A/ the large value of the exponeat

Ho(T)=Hp| 1-
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