PHYSICAL REVIEW B 66, 024410 (2002

Frequency-dependent dynamics of domain walls in yttrium iron garnet
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An analysis of the frequency-dependent dynamics of domain walls in polycrystalline yttrium iron garnet
samples is presented. This analysis has been carried out, on the one hand, considering the theoretical aspects
related to the numerical solving of the motion of a Bloch wall using harmonic fields. On the other hand, we
have measured the magnetic aftereffect phenomena by using the technique known as magnetic disaccommo-
dation. The experimental results change drastically with the measuring frequency for all the samples, showing
the presence of a relaxing process related to the electronic hopping between ferric and ferrous ions and
magnetic accommodation processes. The agreement between these results and the theoretical model analyzed
has led us to interpret these phenomena in terms of a time-dependent resonance mechanism when an induced
anisotropy relaxing process takes place.
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[. INTRODUCTION DA measurements. Finally, after a complete analysis of the
experimental results and their extreme dependence on the
In a preceding paptmwe dealt with the problem of the frequency, a detailed discussion of these results is carried
frequency-dependent dynamics of domain walls in magnetiout. The comparison between the theoretical model and the
cally ordered materials when magnetic aftereffédg\E’s) experimental results obtained from our measurements have
appear. This processes are highly undesirable from a techried us to make very important assumptions about the nature
cal point of view as they mean a delayed change in magne2f the magnetic accommodation processes. Concretely, we
tization after a variation in the magnetic field; thus they rep-have associated these processes with a resonance phenom-
resent an important source of magnetic losses in thes@non whose features depend on time due to the presence of
materials. However, they are very useful for basic research &1 induced anisotropy relaxation process.
they provide important information about lattice symmetry
and dynamics. In fact, according to the model first proposed Il. THEORETICAL BACKGROUND
by Neel,? they have their origin in the relaxation of the in- _ e
duced magnetic anisotropy due to a redistribution of mag- In_accordance with th_e model proposed byehét can pe
netic dipoles into the lattice. The analysis of MAE's is usu_consmered that .the mot|on_of a Bloch vyall u_nder the influ-
ally carried out by means of magnetic disaccommodatiorf"¢¢ .Of an applied magnetic field, possibly time .dependent,
(DA) techniques, which consist of the measurement of thds defined by the sum of dlffgerent stresses: The first of these
time evolution of the magnetic initial permeability of a 'S the stress due to the applied magnetic field. The second is

sample after demagnetization. These techniques have be8h el_aStiC terr_n that r_efers the V\_/all to its equilibrium_ positipn,
widely applied to different ferromagnetic materials asa”d is associated with lattice internal stresses, dislocations,

magnetite® single spinel ferrites with different etc. Another one, proportional to the wall speed, takes ac-
substitutio,n§‘12 hexagonal ferrite&>14 and garnetd®=2°In count of damping effects that prevent a free wall oscillation
the case of yttrium iron garnéY1G) these kinds of measure- after a change in its position. Finally, we must consider a

ments have proven the existence of ferrous ions in the lattic tress due to the redlstrlbgtmn of magnetic dipoles within the
attice. Hence the dynamic equation for the Bloch wall can

due to an oxygen deficient structure, confirming the simila

conclusions obtained in other kinds of experiments such a8 expressed as
electric conductivity! rotational hysteresi& or domain- . ..
wall mobility.?®> Nevertheless, a very different behavior has mutou=—R(U)+H(t)(M— M) +P(ut), (1)

bee_n checked in the case of YIG_ in relatlon_ to _other kind of \here u is the wall instantaneous positiom is the wall
ferrites: the appearance of negative magnetic disaccommodgsa i massy is the damping coefficient- R(u) is an elas-

tion processes, to which we will refer as accommodatior}. term. andvi. andM. are the values of the maanetization
processes. These phenomena, which are characterized by Sh ’ 1 2 9

increase of the initial permeability with time, are still an on each side of the wall. The redistribution stré¥s,t) is

open question in the sense that none of the models proposggtain.ed by C_°mp““”_9 the instantaneous anisotr_opy_ energy
have provided a complete understanding of the underlyin Ssociated with a unity surface of the wall conmdenpg the
mechanisms. In a recent wéfkwe showed the critical de- lattice symmetry and the directions of the magnetizatidns
pendence of these processes on the measuring frequency. RmdM ,. This stress consists of two terrh§!the first related
these reasons, in this paper we first explain the main conclue magnetic aftereffects in the material and the second to the
sions of our theoretical model concerning the frequencyimagnetic viscosity. However, this second term vanishes
dependent dynamics of domain walls. Then we describe thevhen the initial state of the material is given by a demagne-
method utilized for the fabrication of the samples and for thetized staté, that is, when the directions of the magnetic di-
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poles inside the material are equally distributed. This is preare experimental relaxation results that require a description
cisely the case in our theoretical and experimental studypy means of another kind of function as the stretched
which allows us to analyze in detail the magnetically inducedexponentiaf”
anisotropy relaxation and then the aftereffect phenomena in In order to obtain the approximate solution of Ef) we
these materials. Therefore, the redistribution stress can baill consider two different situations. First, when the applied
written as magnetic field has a very low frequenay, it can be sup-
posed that the inertial and damping terms of Eg). are
t , o negligible, and then this is no longer a differential equation.
P(u=- Pofof[u(t )—u®]g(t=tHdt’, (2} pepending on thesr product, different situations can take
place. Whenw7<1, the redistribution of the magnetic di-
f(U) being a function of the difference of the instantaneouspoles is fast enough to keep the system in equilibrium. On
positions of the wall at two different time instants that de-the other hand, if the magnetic field has a frequency given by
pends on the wall typ&. Then this stress refers the wall to the inverse of the time constant that is, w7=1, the wall
all of its previous positions, but is weighted by the function motion will be damped by the magnetically induced anisot-
g(t). This function is strictly decreasing and is defined by ropy relaxation, although the displacements tend to remain
near the wall equilibrium position. As the frequency in-
=p(7) creases the redistribution effect will modulate the wall mo-
g(t)=j Teftlfdﬂ (3)  tion, modifying its speed. Therefore, the frequency spectrum
0 of the wall responsa(t) spreads slightly, especially near the
field frequencyw. Finally, when the time constants of the

p(7) being the probability of a relaxation process of time ™"~ =4~ , i
constantr. As can be expected, the stress due to the immetedistribution are greatly above the inverse of the field fre-

diately preceding positions is the most important in theduency thatisw=>1, the functiong(t— 6) actstas a low-
weighting. pass filter in the convolution term given bfju(6)g(t

At this moment, some reasonable approximations must be #)d¢, and hence this term vanishes. Taking into account
made in order to simplify the solution of E€). If we con-  these considerations, we can write the solution of (5pjas
sider that the wall motion stays in the zone where R{a) M
function is approximately linear and write the magnetic field u(t)= LH(I), 7
stress as proportional to its modulus and to the saturation r[1+»7G(1)]

magnetization, we obtain where we have introduced the parametet fP,/r, which

L defines the ratio between the elastic constaahd another
mu+vu=—ru+yH(t)Ms+P(u,t). (4)  elastic term added by the induced anisotropy relaxation term.
When 5>1 this second term prevails. Hencegifr>1, the
However, the term due to the induced anisotropy relaxwall mobility decreases with time and the magnetic suscep-
ation makes it difficult to solve the dynamic equation of thetibility yx(t) will decrease too, if we take into account that
wall motion. For this reason, some auttfGrsroposed solu-
tions by means of an attraction between the wall and some u(t) YMs
mobile elements, which act as pinning centers, that is used x(t)= H(t) = r[1+7G(t)] ®
instead of theP(u,t). This study can also be carried out o
taking into account that the wall displacements are also irf his situation is the most frequently detected in this kind of
the linear zone of thé(U) function, as in the case of the €Xperimental measurements carried out with the majority of

elastic term. Thenf(U)=—fU, f being a constant, and Magnetic materials, giving rise to the phenomena known as
therefore we can write magnetic disaccommodation. Figure 1 presents the wall fre-

quency response for a constant valuespf5, sufficiently
high to take account of the induced anisotropy relaxation
u(t)G(t) phenomena.
Now let us suppose that we apply a high-frequency mag-
netic field. In this case, the inertial and damping terms of Eq.
, (5 (5) cannot be neglected. However, using the same approxi-
mation as in obtaining Eq7), we can write Eq(5) as

mu+vu=—ru+ yH(t)M¢—fP,

—Jtu(t’)g(t—t’)dt’
0

\év;ere we have introduced the relaxing functi@it) given ij+25wnu+wﬁ[1+ nG(t)]u=u0wﬁsinwt, )
wn,=+/(r/m) being the wall natural resonance frequendy,
=v/2w,m the damping coefficient, angy=yMgHq/r. This
differential equation can be solved numericalfy. Depend-

ing on the values of and w the wall amplitude can show
which increases fronG(0)=0 to G(«)=1. In a simple different dependences on time, and so it can increase ini-
case,G(t) presents multiexponential features, but dependsially, pass through a maximum, and then decrease. This
on the applied model for the relaxation. In some cases, the@nomalous behavior can be interpreted as a time-dependent

t o)
G(t)zfog(t')dt’zl—fo e Yp(7)dr, (6)
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FIG. 1. Wall response under the action of a harmonic magnetic ~ , , 1
field for different frequencies and a sufficiently high valuenofsee
the texj. 16

wall resonance. In fact, since we are considering second = 1.
order wall dynamics, the relaxation term will increase with =
time, so that the elastic term will be also increased. As a
consequence, the wall resonance frequency will increase
with time as

o
@

o
=

wo=wn\1+ 7G(1). (10) i|23

The transients caused by this time variation will vanish if Time (t/7)
it is sufficiently slow, and, thus, it is possible to obtain an i 2. Time evolution of the frequency wall response and in-

(=)

approximate solution for the wall response given by stantaneous amplitude obtained for a given high-frequency mag-
netic field.
Uo
|u(t)|: 5 2 . (1D B. Measurement technique
w w
\/{1——2+1]G(t) +452—2 Magnetic disaccommodation measurements have been
w;, w;, carried out with the help of a computer-aided system based

on an automatic impedan¢eCR) meter?® During the mea-
The evolution of the wall frequency response is shown insuring process, the time variations of both the real and imagi-
Fig. 2. It can be noted that the resonance peak is more rehary components of the initial magnetic permeability was
evant for increasing time values. Thus, depending on theecorded at different temperatures. The measuring coil was
field frequency(and, of course, of the initial damping coef- excited by a low amplitude£2 Oe) sinusoidal signal with
ficient), the wall oscillation amplitude will either decrease, frequency ranging from 200 Hz to 4 kHz. Samples were
increase, or both with timeaf;, w3, Or w, in the figure, demagnetized by using a low-frequency decreasing alternat-
respectively. ing field whose characteristidpeak amplitude, frequency
and total durationwere checked in order to obtain coherent
IIl. EXPERIMENTAL PROCEDURE disaccommodation resufts.
DA results are usually represented by means of the iso-
chronal curves displaying the relative variation of permeabil-
A set of polycrystalline samples with nominal composi- ity within different time windows,
tion YsFe_,Oq, was prepared by mixing high purity 5@,

A. Sample preparation

and Y,0O3 powders in the appropriate molar ratio. The mix- (ty, T)— u(ty,T)
ture was ground and pressed in a cylindrical die at DA(%) = pilta, Ktz %100, (12)
10000 kg/cm. The resulting green samples, 5 mm in diam- p(ty,T)

eter and 15 mm in length, were fired at different tempera-

tures and partial oxygen pressures according to the corravhere the different curves displayed have been obtained in
sponding phase diagrarffsFinally, rapid quenching in the our case using,=2s and,=4, 8, 16, 32, 64 and 128 s after
furnace was performed to avoid possible vacancy annealinglemagnetization stage. When the time winday+t,) is of
X-ray powder diffraction patterns of these samples showedhe same order of magnitude as the relaxation time at a spe-
that single-phase YIG was obtained for each composition. cific temperature, this curve exhibits a maximum. Isochronal
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FIG. 3. Isochronal relaxation spectra at different measurement TEMPERATURE (K)

frequencies for a YIG sample with nominal composition ,8¥

- . FIG. 4. Isochronal relaxation spectra at different measurement
+5Fg0; sintered in CQ at 1420 °C. P

frequencies for a YIG sample with a hominal composition,®Y
+4.9Fg0; sintered in CQ at 1420 °C.
curves are very useful in our study because they allow us to

distinguish the various thermal relaxation processes. kHz and the accommodation peak results centered around

125 K.

The corresponding isochronal relaxation spectra obtained
for YIG samples sintered in the same conditions but with a

Figure 3 shows the permeability isochronal spectra measlight defect or excess of iron oxide in their initial composi-
sured at different frequencies for a YIG sample with nominaltion are represented in Figs. 4 and 5 respectively. The behav-
composition 3%0;+5Fg0; sintered in CQ at 1420°C. It  ior detected is very similar to the above analysis, so that the
can be noted the presence of the well-known proce¥s*fl, small modifications achieved do not produce relevant varia-
with its maximum around 125 K for a frequency of 200 Hz. tions in the disaccommodation curves. It can be mentioned
Simultaneously, an accommodati¢or negative disaccom- that the accommodation peak is slightly weaker for the
modation process appears at temperatures just below precsample with a defect of iron in its nominal composition.
cess ll, as reported only in the case of garnets sintered und&inally, a similar experiment was carried out but, in this case,
reducing condition$® as in this case. However, the most changing the sintering conditions of the samples. First we
important characteristic of these spectra is their critical dehave fired a sample in an atmosphere given by a fixed mix-
pendence on the measurement frequency, a phenomenture of air and helium in the appropriate ratio so that a less
never detected previously in similar experiments carried outeducing atmosphere than €@ obtainedin particular with
with other kind of ferrites, to our knowledge. As this fre- a partial oxygen pressure of 189 atm). The results are dis-
guency is increased, two phenomena take place. First, thglayed in Fig. 6, and show a very similar behavior to that
negative and the positive processes seem to “overlap,” sobtained using C®as sintering atmosphere. It can be noted
that the ratio between the amplitudes of both peaks decreast#®t the DA process Il, as well as the accommodation pro-
gradually(for example, they become very similar for 2 KHz cesses, occurs on the contrary to the air sintering
Second, the maxima of both processes shift to higher tematmospheré>!83! Second, we increased the sintering tem-
peratures, and, as consequence, the transition temperature fmrature up to 1450°C. The corresponding relaxation iso-
which every isochronal DA spectrum passes through zerchronal curves can be examined in Fig. 7. In this case, pro-
increases too. Finally, process Il can hardly be detected atdess Il and the accommodation peak are again detected,

IV. EXPERIMENTAL RESULTS
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FIG. 5. Isochronal relaxation spectra at different measurement
frequencies for a YIG sample with a nominal composition,®Y FIG. 6. Isochronal relaxation spectra with different measure-
+5.1Fg0; sintered in CQ at 1420 °C. ment frequencies for a YIG sample with a nominal composition
3Y,0;+5Fg0; sintered at 1420°C in an atmosphere of air/

. . . helium with a partial oxygen pressure of 70 atm.
showing the same dependence on the increasing measure- P ygen p

ment frequency. However, it can be noted that a DA procesfrequency range. However, there is an essential difference
appears at temperatures around 187 K. As opposed to prbetween them that consists of a marked variation of the first
cess ll, the features of this peak do not depend on the meanaximum with the measuring time that does not occur in the
surement frequency. A reduction of its amplitude can be onlysecond maximum. This phenomenon is especially pro-
detected at the highest frequencies, which is due to the worgounced for the lowest frequencies and is considered to be
ening of the signal-to-noise ratio in the measurement equipdue to a relaxing process. Indeed, the corresponding isochro-

ment. nal curveqFig. 3) show this proces&alled process Jlat the
On the other hand, in Fig. 8 we plot the thermal evolutionS@Me temperatures for each frequency. ,
of the relative initial magnetic permeabilitat different val- Figures 80b)-8(e) display the thermal evolution of the

imaginary part of the magnetic permeability of this sample at

ues of the frequengymeasured 2 and 128 s after the demagg?i‘fferent measurement frequencies. The presence of two

netization stage in order to confirm the existence of relaxin
processes. In addition, we display not only the real part o
the permeability, as is typical, but also the imaginary part

The aim _of this strategy is_, related to the theoretical idea ur at temperatures slightly lowéaround 15 K than their
exposed in Sec. Il In fact, if a resonance phenomenon tak&s,,ialents in the real part. Second, the behavior of both is
place, this imaginary part, associated with the magnetiGery different if the time passed from the demagnetization
losses of the material, must change significantly. _stage is considered. Thus the temperature and intensity of
The results obtained in this way for the YIG sample with thjs first peak depend radically on this time, in contrast to the
stoichiometric composition are presented in Fig. 8. It can b&econd that does not vary significantly with it. When the
observed that the real part of the permeabilifjg. 8@]  measuring frequency is increased the magnetic losses of the
increases with temperature showing two local maxima thagnaterial are greater, thus avoiding the detection of these phe-
shift to greater temperatures as the measurement frequencyrismena so clearly.
increased. Thus, the first of them, much more relevant, is A similar study was developed for the rest of the samples
located at 125 K for 200 Hz and around 165 K for 4 kHz, sintered in our laboratory. Thus we have confirmed that the
while the second moves from 200 to 235 K for the samesmall variations in the initial composition of the samples

axima can again be detected. These maxima shift to higher
emperatures with increasing frequencies. However, two im-
%ortant conclusions result noticeable. First, these maxima oc-
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FIG. 7. Isochronal relaxation spectra at different measurement
frequencies for a YIG sample with a nominal composition,®Y 25 -
+5Fe0; sintered in CQ at 1450 °C.

around the stoichiometric YIG give rise again to very similar }

results(Figs. 9 and 10 In other words, both parts, real and |

imaginary, of the initial permeability show the two maxima }

previously mentioned at similar temperatures, where the first o ' '

of them varies strongly with the measuring time. Finally, 50 100150 200 250 300 350
similar results have been obtained by changing the sintering TEMPERATURE (K)

conditions of the samples, as can be seen in Figakhmple

sintered in an atmosphere with a partial oxygen pressure of FIG. 8. Relative initial magnetic permeability measured 2 angl
1072 atm) and Fig. 12@a sample sintered at 1450°C). It 128 s after demagngtization at different measurement frequencies
must be mentioned that, in this last case, the peak locateg" @ YIG sample with a nominal composition 3W;+5Fe0;

near 200 K slightly decreases its amplitude with the measursintered in CQ at 1420 °C{(a) real part;(b)—(f) imaginary par

ing time [Fig. 12a)], which is due to the relaxing process
already detected in the magnetic disaccommodation spectra
(Fig. 7). It is noteworthy that the samples analyzed in previ- The following discussion requires a previous revision of
ous works>*®*which did not show any magnetic accom- the characteristics of YIG's and, concretely, of the specific
modation process, presented a very different behaviokattice positions. The unit cell of this ferrimagnetic garnet is
through these kind of representations. For example, the thecomposed of eight formula units forming a complex cubic
mal evolution of both components of the initial permeability lattice constituted by altogether 160 ions. In this crystal there
for a YIG sample sintered in air at 1420 °C is displayed inare three groups of trivalent metal ions distributed on
Fig. 13. In this case neither the real nor imaginary curvedourfold-coordinated tetrahedral sites, sixfold-coordinated
show any local maxima over the entire temperature rangectahedrah sites, and eightfold-coordinated dodecahedral
tested. It can be pointed out that both curves present a sliglsites® In the special case of YIG, thesesites are occupied
decrease with time(see the curves at;=2 s. andt, by Y3* ions, which are diamagnetic, while the magnetic mo-
=128 s in the figurpat temperatures below 150 K, which is ments ofa site ions are oriented antiparallel to those of the
due to the relaxing phenomena detected in the magnetic dipositions. In consequence, the magnetic moment per formula
accommodation spectra displayed in those works. unit (5ug) is given by the surplus of tetrahedral*Feions.

V. DISCUSSION
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FIG. 10. Relative initial magnetic permeability measured 2 and
FIG. 9. Relative initial magnetic permeability measured 2 and128 s after demagnetization at different measurement frequencies

128 s after demagnetization at different measurement frequenciégr a qu sample with ? nominal composnmn_ 3®3.+ 5-1Fg0,
for a YIG sample with a nominal composition 3%;+4.9Fe0, sintered in CQ at 1420 °C[(a) real part;(b)~(€) imaginary par}
sintered in CQ at 1420 °C[(a) real part;(b)—(f) imaginary part

_ Fe* into F€' ions. Taking into account their relatives
It has been assumed that this occupancy of the three sublajjzes, these ferrous ions are expected to occupy preferentially
tices by three-valent metal ions may be the origin of the greafhe wider octahedral sites, although occasionally minor con-
insulator behavior of these ferrites. Moreover, due to theikents of F&* ions have been also found on tetrahedral posi-
zero-orbital ground states;S, (Y**) and °S;, (FE€'),  tigns. In any case, the assumption of coincident presence of
these ions are characterized by a very reduced anisotropy apg3+ and E&* ions in our samples enables electron ex-

thus exhibit only weak interactions with other sources ofchange between differently valent Fe ions accordirig to
anisotropy in the crystal. Therefore, the mere occurrence of

magnetic aftereffect phenomena in our samples, as the mag-

netic disaccommodation spectra show, is a clear indication of Feé'+e oFe". (13

a certain nonstoichiometry in the compound. According to

phase diagrant®, when preparing high temperature sintered

YIG, a slightly oxygen deficient structure appears. In order This local electron hopping implies a corresponding trans-
to maintain charge neutrality in the lattice, this oxygen deficitport of local anisotropy onto the site of the ferrous ion
is compensated for by a corresponding valency change ofhich, due to its initial°D, state, retains a certain orbital

024410-7



C. TORRESet al. PHYSICAL REVIEW B 66, 024410 (2002

o4 24
) )
c 18 "é’ 18 -
S =]
£ o
s <
= 12 1 g
3. 12 4
32 ]
40
16 - 20 1
20 ]
24 S
10 S 1
) 12
' 14 - )
> = 18
e} 3
®© 74 :
= g 4
= 8
12 H -
3 g4
6 -
4 -
8 -
|
........... | | 4
4 T | 200 Hz | |
— > :
50 100 150 200 250 300 |
I
TEMPERATURE (K) 50 100 150 200 250 300
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128 s after demagnetization at different measurement frequencies o ] -
for a YIG sample with a nominal composition 3®;+5Fe0, FIG. 12. Relative initial magnetic permeability measured 2 and

sintered at 1420°C in an atmosphere of air/helium with a partia|128 s after demagnetization at different measurement frequencies
oxygen pressure of 16 atm[(a) real part;(b)—(f) imaginary part for a YIG sample with a nominal composition 3¥;+5Fe0;
sintered in CQ at 1450 °C[(a) real part;(b)—(f) imaginary parf.
momentum in the lattice. Therefore, this valence exchange
must be considered as the basic process for magnetic relagesitions for the ferrous ion in YIG, each of them having its
ations in undoped YIG. symmetry axis located at the differdritl1] axes. In conclu-
Concerning the octahedral positions, it must besion, it is evident that the distribution of the ferrous ions in
rememberedf that the oxygen anions are trigonally disposedthe equilibrium state in octahedral positions will depend on
around these sites, so that their symmetry axis coincides witthe spontaneous magnetization. Thus, after a change of its
one of the[111] axes(Fig. 14). This trigonal field splits the direction, as happens during the demagnetization stage, a
free-ion level into a singlet and two doubléfs®**Depend-  rearrangement of these ions takes place through the electron
ing on the trigonal field orientatiof?,the ground state will be exchange between Fe and Fé* ions in order to minimize
characterized either by a singlet or a doublet. Moreoverthe free enthalpy of the system. These transitions lead to a
these levels are split into$+-1 sublevels due to the ex- characteristic immobilization of the domain walls which
change interaction. Finally, for an ion such ag Feharac-  gives rise to the experimentally observable magnetic afteref-
terized by a not quenched angular momentun¥-Q), the fects, i.e., the process found around 130 K, known as process
doublet is further split due to the spin-orbit coupling. There-Il. Besides this anisotropy, due to the trigonal field, one must
fore, there are at least four inequivalent types of octahedrailso consider the fact that the cubic symmetry is not perfect
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]

24

T t1=2s,
t,=128s.

u' (arb. units)
>

W' (arb. units)
1

|| t1=28.
1,=128s.

90 120 150 180 210 240
TEMPERATURE (K)

T T
| |
0 150 200 2é0 360 350 _ FIG. 1_5. Experimental DA spec_trurﬁdots and theor_etical fit-
ting (full lines) for the YIG sample sintered at 1420 °C in an atmo-
TEMPERATURE (K) sphere of air/helium with a partial oxygen pressure of 2Gtm.

o ) B The inset shows the activation energy spectra obtained by the fit-
FIG. 13. Relative initial magnetic permeability measured 2 a”dting.

128 s after demagnetization at 1 kHz for a YIG sample with a

nominal composition 3 +5Fe0; sintered in air atmosphere at . ) . . . .
1420°C. P 0 &> P different configurations for the electronic hopping leading to

a spread of the energy spectrum, as previously proposed by

hedral bositi Thus th hedra f db hother authoré?2|n fact, in order to fit our isochronal spec-
at octahedral positions. Thus the octahedra formed by thg, jt has peen necessary to apply an algorithm developed by

oxygen anions around a cation in ansite are elongated group®>! based on the use of an activation energy dis-
along the[111] direction, undergomg a tng_onal distortion. ipyyfion p(Q), since they cannot be satisfactorily analyzed
As a consequence, two energgncally inequivalent Octahedr?lllrough a discrete sum of single Debye processes. For ex-
positions can be assomated_ W't.h each of [the1] axes Just ample in Fig. 15 we plot the experimental disaccommodation
by a rotation about these directions through opposite anglegye trym measured at 200 Hz, together with the mathemati-

of 28.6°. cal fitting, for a YIG sample sintered at 1420 °C in an atmo-

. At this p0|r_1t, it seems reasonable Eo_suppose that the_ho%'phere with a partial oxygen pressure of #0atm. The re-
ping mechanism between Feand Fé" in qctahedral POSI®  sults in this way obtained are very similar for all the samples
tions (process ) cannot be related to a simple e_Xponent'allprepared, and show a quite narrow distribution of energies
process. That is to say, for a given octahedral site there aiGiyh yajues centered around 0.32 eV. Comparable values of
these activation energies have been found by other authors
not only in analogous measurements of magnetic
disaccommodatidfi*® but also in other kinds of measure-
ments such as conductivity®’ variation of tans,*® domain-
wall mobility,>® complex initial permeability>*°or magnetic
loss factoft

On the other hand, we have detected another DA process
around 187 K when the sintering temperature is increased up
to 1450 °C(Fig. 7). Concerning this peak, we must consider,
as pointed out above, that sintering conditions are the cause
of an oxygen-deficient crystalline structure. As a conse-
quence, one must assume the presence of oxygen vacancies
in the lattice, enhanced by lower partial oxygen pressures
and higher sintering temperatures. These vacancies behave as
positive centers in the lattice, and thus may trap electrons.
Therefore, they may appear as neuthdh( with two trapped
electrong, singly positively charged\(g, with one trapped
electron and doubly positively chargedv@®, with no
FIG. 14. One-eight unit cell showing the trigonal disposition of trapped electronsin relation to the neutral lattice. The neu-

the oxygen ions around one of the fdurl1] symmetry axes. The tral and single charged vacancies may be ionized and act as
center site has been duplicated at the right to show the octahedrdonors so that, taking into account the presence of ferrous
configuration(Ref. 21). ions in the samples, the oxygen vacancies may be described

0 Octahedral site
O Oxygen
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in the form of donor complex&$as
[NFET*Vole[(n—1)Fe T *Fe?™*Ve], (14

[nFeT*Vala[(n—1)Fe *Fe? *V3®], (15

where the notation show that the electron moves in the co-
ordination sphere of iron ions surrounding the oxygen va-
cancy. Then the migration of these vacancies was proposed
as a source of disaccommodation in Yi&?*due to the
variety of reactions involving the trapped electrons and the
resulting interactions with the magnetic moments of the lat-
tice. Therefore, the process found at higher temperatures may
be related to this type of mechanism enhanced when the
sintering temperature is increased. Moreover, this migration
would be expected to be more complicated than a simple
exponential process if we consider that these relaxation
mechanisms are induced by donor complexes. The fitting of
the isochronal curves for this DA process through our algo-
”.thr.n results in an energy distribution near 0.52 ?V’ V€Y sured at 122 K and different frequencies for the stoichiometric YIG
similar to the values proposed by the authors mentioned. ¢ iorad at 1420 °C in co

Nevertheless, the dynamics of the domain walls in these
samples seems to be not only caused by the relaxation prEé

FIG. 16. Temporal evolution of the initial permeability mea-

cesses analyzed, as can be deduced from the experimen wall oscillation amp”t”d? will depend on the meas_urin_g
results obtained. In fact, all of the samples show a negativ equency, and then a maximum after the demagnet|_zat|on
(piage may appear. This behavior must be confirmed with the

disaccommodation process or accommodation process in t . .
ngjp of the measurement of a related macroscopic magni-

temperature range tested. There are several reasons to a Lo thatis b f the initial bilit
lyze and understand the underlying mechanisms responsibIH €, thats o say, by means ot the initial permeabiiity evo-

for these phenomeri'ﬁ'.lgHowever, the hypothesis suggested ution. To this end, in Figs. 16 and 17 we plot the initial

(heating of the samples, dependences with the demagnetizirﬁ) rmeability curves obtained with either the measuring fre-
field, anomalous reduction of the anisotropy due to a tempo- ency or the temperature as a parameter, respectively. These

ral decrease of the Bé ion content etd.cannot satisfacto- representations, which can be obtained in the same way for

rily justify the diverse experimental features of these accom:[he rest of the samples, are coherent with the ideas exposed

modation processes. In our point of view, two important factsabove since they ShOW a very similar behavior. Thus, for
easuring frequencies lower than the wall resonance, the

must be obtained from the experimental results. First, thesg'

phenomena have only been detected in this type of ferritgn!?(tpgenoinet?lon. d(;atec:jed IS tr:e d|m|n|ut|pn of th?} perme-
sintered in reducing atmospheres, but never in others such 3’9' Ity due to the induced anisotropy relaxing mechanisms.

spinel and hexagonal ferrites. Second, these experimental re-
sults show an extreme dependence on the measurement fre-
guency where the accommodation processes appear, but such
a dependence is not found where these processes are not 1.001
considerable. Therefore, it seems reasonable to relate such
mechanisms to a certain characteristic property of these
samples that is a function of the measurement frequency.
For these reasons, let us now consider the theoretical
ideas of Sec. Il relating to the dynamics of the domain walls.
According to this theory, for values of the measuring fre-
guency considerably higher than the inverse of the time con-
stant of the relaxation process, the rearrangement of the de-
fects is too slow to follow the domain-wall motion. Then, as
this rearrangement takes place, the wall damping diminishes.
Finally, when this process has ended, the defects will stay at

1.002

their equilibrium positions, giving rise to an additional elas- 099% +——F— T+ —T—— T
tic stress over the domain wall. Therefore, taking into ac- 0O 20 40 60 80 100 120
count a second-order wall dynamics, this stress will be in- t(s)

creased at each time instant due to the induced anisotropy

relaxation term. Hence the wall resonance frequency will be FIG. 17. Temporal evolution of the initial permeability mea-
increased as a consequence in the same way, as shownsiited at 1 kHz and different temperatures for the stoichiometric
Fig. 2, according to Eq.10). Thus the temporal evolution of YIG sintered at 1420 °C in CO
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over, the activation energy obtained for this procé327
eV) in one of these work§ is very close to that confirmed in
this paper for process Il.

Finally, it must be assumed, as we previously stated, that
if a resonance phenomenon takes place then the imaginary
component of the permeability, related to the magnetic losses

1.0

200 Hz
——— 400 Hz

2054 of the material, must show an abrupt variation with time in
5 that temperature zone. In this way, the initial permeability
g curves(Figs. 8—12 exhibit the presence of a peak it at a

) temperature dependent on the frequency but in any case
<O: 0.0 4 higher than 100 K. This peak varies strongly with time and

appears at temperatures always close to the corresponding
relaxation process detectediri. For these reasons, accord-
ing to our theory, an accommodation process must be noted
at these temperatures, as it can be observed in the isochronal
spectra. However, the peak @f' around 200 K does not
cause any accommodation process, because no anisotropy
relaxation process is found close to it; thus it hardly depends
on the time passed since the demagnetization of the sample.
It must be mentioned that other auttbralso found a peak

FIG. 18. Comparison between the disaccommodation and ac.j-n " that shifts to lower frequencies for decreasing tempera-

commodation processes with increasing measurement frequencié res, in th(;sﬁca_se reLated to a rglﬁxatlon process through Efm
In order to obtain a clearer representation, the maximum value o ectronic diffusion characterized by an activation energy o

the disaccommodation peak has been normalized for all of the fre\;v'gi eV, again comparable to the values proposed in this

quencies.

05

T T T T T T T T T
80 100 120 140 160
TEMPERATURE (K)

When that frequency is increased both processes, magnetic VI. CONCLUSIONS

disaccommodation and time-dependent wall resonance, take In this work we have studied the dynamics of the domain
place, giving rise to the isochronal spectra constructed. Thesgalls by means of the analysis of the magnetic aftereffect
inferences are more clearly shown in Fig. 18, in this case foprocesses in polycrystalline YIG samples. For this purpose
the YIG sample sintered at 1420°C with a partial oxygenwe have measured the well-known magnetic disaccommoda-
pressure of 10? atm. At 200 Hz one can observe the peaktion showing the presence of the relaxation process related to
corresponding to process Il while the accommodation prothe electronic hopping between ferric and ferrous ions in
cess is hardly noted. As this frequency is increased we agctahedral positions of the lattidprocess I). At the same
proach that of the wall resonance. When this process is notdlme, magnetic accommodation processes have been detected
worthy it produces a temporal increment followed by anin all samples at temperatures immediately I0\_Ner than pro-
additional decrease of the permeability that concludes in af€SS !l. These phenomena have been described through a

apparent shift of the disaccommodation peak, which obvil eoretical model which studies the dynamics of the domain

ously, does not involve a real increment of the activationv‘"’.’IIIS as afunctio_n .Of the measuring frquency. Accor'ding to
eneréy of the process this theory the origin of the accommodation process is asso-

It is important to point out that other auth8#4546 pro- ciated with a time-dependent resonance mechanism due to
posed similar ideas in their studies of the wall mobility of the existence of an induced anisotropy relaxation process.

polycrystalline YIG samples. In fact, the dependence of thé:inally, we have successfully confirmed the correlation be-

wall damping on the measuring frequency due to the prest_Ween our diverse experimental results and the theoretical

ence of defects in the lattice was proven in all these Works"?malys's'
For high enough frequencies the diffusion of these defects is

too slow to follow the wall motion, resulting in an increase

of the restoring force over the wall and thus in an increase of This work was partially supported by Junta de Castilla y

the wall energy associated with the relaxation process. More-eon, Project No. VA 06/00B.
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