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Chapter 6 

Relaxation of the 
exchange-biasing interaction 
for I r igMngi / NigoFe2o and 
I r i gMng i / Co9oFeio bilayers 

6.1 Introduction 

In the previous chapter, the thermal stability of ferromagnetic (F) layers exchange 
biased with Ir19Mn8i was investigated by heating the films in an external field which 
is parallel to the exchange-biasing field. When the as-deposited films were heated for 
the first time to temperatures around or above the blocking temperature TB in an 
external field parallel to the exchange-biasing direction, a change of the behavior of the 
exchange-biasing field Heb(T), after heating, was found. This was assumed to be due 
to a change in the magnetic (domain) structure of the antiferromagnetic (AF) layer. 
In this chapter, it is investigated how the films behave when placed in an external 
field parallel or antiparallel to the initial exchange-biasing direction for longer periods 
of time at elevated temperatures. The initial exchange-biasing direction is defined as 
the direction of the exchange-biasing field in the as-deposited film. A relaxation of 
the exchange-biasing field towards the direction of the external field is observed. This 
is also observed when the external field is perpendicular (in the plane of the film) to 
the initial exchange-biasing direction. 

This relaxation behavior is an important factor in the lifetime of exchange-biased 
spin valves, used in read heads and other sensors. Especially magnetic sensors will 
be used more and more in high-temperature environments, where relaxation rates are 
increased and the F-layer magnetization switches at lower fields with respect to the 
fields needed at room temperature. 

In the following sections, the relaxation behavior of films biased with IrigMngi 
is investigated at different temperatures for different F-layer materials (Co90Feio and 
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Ni80Fe2o) and for different AF-layer thicknesses. We observe that the relaxation rate 
increases with increasing temperature or with decreasing Iri9Mn8i-layer thickness. 

Hempstead et al. [96] have investigated Ni8oFe2o/ Fe50Mn5o bilayers and have 
found that the direction of the exchange-biasing interaction starts to rotate when a 
perpendicular external magnetic field is applied. The speed of rotation was found to 
increase with temperature. Van der Heijden et al. [80] have performed a study of 
the relaxation behavior of Ni66Coi8Fei6/ Fe5oMn5o and NiO/ Ni66Coi8Fei6 bilayers, 
where the samples were placed in an external field antiparallel to the initial exchange-
biasing direction. For both types of samples, a decrease of Heb and, at high enough 
temperatures, a reversal of the exchange-biasing direction was found after waiting 
long periods of time. 

From the analysis of the experimental results it is found that different procedures 
for switching the magnetic field or a difference in temperature history influence the 
relaxation behavior. Again, this is an indication that the magnetic-domain structure 
of the AF layer changes irreversibly during heating or magnetic switching. The exper
imental results are analyzed using different relaxation functions. The results on films 
with Iri9Mn8i are compared to the relaxation behavior of samples with Fe5oMn5o or 
Pd3oPt2oMn5o as the biasing layer. 

Fulcomer and Charap [35] have introduced a two-level model, in which the (stag
gered) magnetization of the AF layer can switch between two directions only after 
crossing an energy barrier. Relaxation rates will therefore depend on the height of 
the barrier and the thermal energy. The AF layer is assumed to consist of indepen
dent particles which have a certain barrier-height distribution [35], which results in 
a wide distribution of relaxation times. The two-level model will be explained more 
thoroughly in Section 6.2. An infinitely wide distribution of relaxation times is shown 
to result in the so-called stretched exponential. This phenomenological expression 
has proved to be very useful, which was already known within many other areas of 
physics where relaxation effects play a role [97-99]. 

As is already explained in the previous chapter, the exchange-biasing effect is still 
not very well understood. Since the relaxation behavior of exchange-biasing materials 
is directly related to the magnetic structures of the F/AF interface and the AF layer 
itself, investigation of the relaxation will give more insight into the phenomenon of 
exchange biasing. 

6.2 Overview of theoretical models 

In the first part of this section, the model for relaxation of the exchange-biasing 
interaction, as introduced by Fulcomer and Charap [35], is explained. As will be 
discussed later, this model is probably far from ideal for our systems. However, other 
mesoscopic models for relaxation of exchange-biasing interaction are still lacking. 
Fulcomer and Charap have treated their AF layer, exchange coupled to an adjacent 
F layer, as an assembly of non-interacting particles or domains. The AF particles as 
well as the F layer are monodomain with uniaxial anisotropy constants KAF and KF, 
respectively. The total energy per unit area of such an AF/F bilayer is given by 

E = KFtF sin2 O + KAFtAF sin2 cp - Hn0MstF - Eeb cos(0 - <j>), (6.1) 
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Figure 6.1: (a) Configuration of magnetization and field directions in an AF/F bilayer. 
(b) Schematic representation of the energy per unit area as a function of the angle (j> 
between the reference direction and the staggered magnetization direction of the AF 
layer with the F-layer magnetization direction along 6 = 0 and 6 = n. The exchange-
biasing energy and the maximum energy per unit area are indicated in the figure. 

in which tp and f AF are the F- and AF-layer thicknesses, respectively. The first two 
terms represent the anisotropy energy of the AF and F layers. It is assumed that 
the easy axes of the F and AF layer are parallel to a reference direction, see Fig. 
6.1(a). The third term in Eq. 6.1 is the Zeeman energy due to the externally applied 
field H, acting on the F-layer saturation magnetization Ms, assuming that the F-
layer magnetization is always parallel to the applied field. The last term represents 
the exchange-biasing energy per unit area. The angles between the reference direction 
and the (staggered) magnetization directions of the F and AF layer are given by 8 and 
<f>, respectively. In Fig. 6.1(b), the energy as a function of the staggered magnetization 
direction of the AF layer is plotted for the case where the F-layer magnetization is 
parallel (8 = 0) or antiparallel (8 = n) to the reference direction. It shows that the 
total energy has a global and a local minimum at 0 = 0 or <j> = n. For the particle 
(domain) to move from the local to the global minimum it has to overcome an energy 
barrier 

AE2 = En Eeb — -rvAF^AF + 
E2 

E eb 
4KAFtAF 

and between the global and the local minimum there is an energy barrier 

AEi — EmAX + .Eeb = -K'AF^AF + 
AKKvtAF 

+ E eh-

(6.2) 

(6.3) 
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Both of the energy-barrier heights are given per unit interface area. Moving between 
the two minima means that the staggered magnetization direction rotates by an angle 
ir, reversing the direction of the exchange-biasing interaction for that domain. 

When, for example, an equilibrium situation is reached for 8 = 0, the majority of 
the AF domains will have its staggered magnetization direction parallel to the F-layer 
magnetization direction at 4> = 0. Reversing the F layer magnetization direction to 
8 = IT, there is no longer an equilibrium situation and AF domains will relax from 
(j) — 0 to <p = 7T. The relaxation rate depends on the height of the energy barriers 
between the two minima at <j> = 0 and <ƒ> = IT and on the thermal energy, kßT. The 
relaxation rate is the reciprocal of the relaxation time r 

1 
T 

A£i A f-AE2 t 
(6.4) 

with A the interface area of one domain, v0 the characteristic frequency for domain 
reversal and AE2 and AEi are given by Eqs. 6.2 and 6.3, respectively. The effective 
interfacial exchange energy Jeb, introduced in Section 5.3 (Eq. 5.1), is calculated 
from the difference between the populations of the two energy minima, N(<fi = 0) and 
N(cp = 7T), as follows: 

Jeb = Eeh [N{<j> = 0) - N{4> = IT)} . (6.5) 

In equilibrium, the energy minima populations are given by the Boltzmann distribu
tion function, 

AW = °> = : T I F T ' (6-6) 

with AT = N((j> = 0) + N{(f> = Ti-). 
The relaxation of the exchange-biasing field is related to the rate of change of 

the population of the two energy minima [35]. The time-dependent exchange-biasing 
field in the case of non-interacting, equal domains in the AF layer, is given by 

Heb(t) = iïeb.oo + (#eb,0 - #eb,oo)exp f - - J . (6.7) 

When the time elapses from t = 0 to t -> oo, the exchange-biasing field will change 
from #eb,o to Feb,co- Analysis of the experimental data clearly shows that Heh(t) 
can not be described by a single exponential function, such as given in Eq. 6.7. 

Van der Heijden et al. [100] have explained results of relaxation experiments on 
NiO/ Ni66Coi8Fei6 films with relaxation rates depending on the domain sizes, using 
the relaxation rate given in Eq. 6.4. They assume a log-normal distribution of domain 
diameters I 

m ' ^ ^ 
in [lf Imean) 

2cr2 
(6.8) 

with Imean the mean domain size and a the width of the distribution. The energy-
barrier height per unit interface area is assumed to be independent of the domain 
size. The assumption of non-interacting domains, should also be applicable to this 
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situation. It is usually assumed that one domain in the NiO layer coincides with 
one columnar grain [80,101], which is due to the fact that the antiferromagnetic 
spin structure is not maintained in the disordered grain boundaries. As long as the 
thickness and the grain diameter of the NiO layer are smaller than the domain wall 
thickness, the assumption that the grains are monodomain will be correct. If it is 
possible for domain walls to be formed in the AF layer it will be much easier for the 
AF layer to switch the staggered magnetization direction (the height of the energy 
barrier in Fig. 6.1(b) will decrease). In contrast to oxidic exchange-biasing layers, 
metallic AF layers of random substitutional alloys, like Ir-Mn or Fe-Mn, will probably 
have magnetic interactions inside and across grain boundaries. It is therefore very 
unlikely for domains to be confined to one single grain or for domains to be non-
interacting. Grain boundaries however are still very likely to induce the formation of 
new domain walls or to act as pinning sites of domain walls [102]. 

Due to the lack of satisfactory theoretical models, an empirical method is chosen 
to evaluate the experimental results. The experimental results will be analyzed using 
three different approaches: 
The first approach is very similar to the model used by Van der Heijden et al. [80], 
where the relaxation time depends on the barrier heights, thermal energy and domain 
size (with a distribution given by Eq. 6.8). However, in this case no information is 
available about domain sizes or barrier heights. To avoid having too many unknown 
variables, a much simpler approach is adopted, which will still give equally useful 
results. The reciprocal of the relaxation time, 

1 / A£\ 
exp — — , (6.9) T(A£) " V T 

depends on the sample temperature and on the barrier height A£, expressed in K. 
This equation is deduced from Eq. 6.4, assuming that the barrier height between the 
global and the local minimum, AEi is much larger than AE2 and the first term in 
Eq. 6.4 will be neglected. The energy barrier height per unit interface AE2 can be 
calculated from 

AE2 = ^-(A£ + Tlnu0). (6.10) 

In the analysis of the experimental data presented later, it is found that A£ does 
not depend on temperature in the experimental temperature range. However, AE2 

can still depend on temperature due to the second term on the right in Eq. 6.10. 
The exact relation will depend on the value of u0. Measurements at extremely short 
times may give more information about the value of z/0, which should be related to 
the attempt frequency of magnetic moment reversal. 

If a log-normal distribution of barrier heights 

\n2(A£/A£mean 

2a2 

is assumed, the exchange-biasing field as a function of time is given by 

F ( A £ ) = = e X P (6.11) 

Heh{t) = HebiO0 + (Hebfi - ffeb.oo) f P(A£)exp f - _ l _ J dA£. (6.12) 
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Fitting the experimental data with Eq. 6.12 gives the mean value for the energy 
barrier height A£mean and the width of the distribution a. Note that the parameter 
A£ does not necessarily have to be a measure of the domain size. 

In the second approach a log-normal distribution of relaxation times is taken (re
placing A£ with r in Eq. 6.11), which will avoid all assumptions about the dependence 
of the relaxation rate on other parameters. Fitting the experimental results will now 
give the values for r m e a n and a . 

Using the second approach to analyze the experimental results, often a very wide 
distribution of relaxation times is obtained. In this situation, a third approach proves 
to provide good fits: the stretched exponential function, in which the exchange-biasing 
field as a function of time is given by 

Heb(t) = #eb,oo + (#eb,0 - #eb,oo) exp - f - J . (6.13) 

An initial fast decrease is followed by a long tail of increasingly slow decrease. The 
relaxation time r and the fractional exponent ß are more or less related to the mean 
relaxation time and the width of the distribution as found by the second approach 
[103,104]. The stretched exponential function has been found to describe the re
laxation behavior of a wide variety of physical systems, such as charge transport in 
polymers [105] and other disordered (dielectric) materials [98,106,107], relaxation 
of magnetic moments in spin glasses close to the transition temperature [97,108] or 
strain relaxation in glasses [109]. These systems have in common that they are all 
disordered. 

Other common empirical relations have been used to describe relaxation behavior, 
such as the logarithmic decay (lni), which is often used to describe the magnetic 
aftereffects, e.g. [110]. Also the power law decay (t~a) is used regularly. These decay 
functions are approximations of a more elaborate model as described by Chamberlin 
and Haines [104]. 

6.3 Experimental set-up 

For the relaxation experiments the same types of samples were used as in the previous 
chapter. The films had the following composition: 
Si(100)/3.5 nm Ta/2 nm Ni80Fe2o/iAF nm Ir19Mn8i/£F nm F/5 nm Ta, 
where the biasing IrigMn8i layer is below the F layer, the so-called bottom configura
tion. All layers were deposited onto Si(100) substrates using DC magnetron sputtering 
(base pressure ~ 10~5 Pa). The Ar pressure was typically 0.67 Pa (5 mTorr) during 
deposition. All films were deposited at room temperature and were situated in a 
magnetic field of 20 kA/m during deposition to align the F layer, thereby inducing 
exchange anisotropy. The Ta seed layer and the 2 nm Ni8oFe2o buffer layer were used 
to promote a (111) texture in the Iri9Mn8i layer. IrigMn8i was sputtered from a 
Mn target with Ir chips attached to it. The F layer consisted of either Ni80Fe2o or 
CogoFeio- A Ta layer was used as a capping layer to protect the other layers against 
oxidation. To avoid long notations, only the F layer and the IrigMn8i layer will be 
mentioned in the following sections. 
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All experiments took place in vacuum (p < 5 x 10~3 Pa). A heating rod was used 
to heat the sample. The sample temperature was monitored using a Pt thermometer 
placed on the same Cu block as the sample. Temperatures could range between room 
temperature and 460 K. The exchange-biasing field is determined from the magneti
zation vs. field curves as was described already in Section 5.3. The magnetization of 
the samples is measured using the magneto-optical Kerr effect. 

Relaxation of exchange biasing was measured using three different procedures: 

(i) The as-deposited sample is heated to a preset temperature with the magnetic 
field in the parallel direction. After stabilization of the final temperature, the 
magnetic field is reversed 180° to the antiparallel direction and, by carrying 
out a very quick field loop using the magneto-optical Kerr effect, a decrease of 
Heb is observed. In some experiments, the field is reversed again after a certain 
period of time and as a result # eb is observed to increase. 

(ii) The as-deposited sample is heated to a preset temperature with the magnetic 
field in the parallel direction. After stabilization of the final temperature, the 
magnetic field is kept in the parallel direction, which will result in an increase 
of ifeb with time. After a certain period of time, the external field is reversed 
180° to the antiparallel direction. A decrease of He\, is then observed. 

(iii) The as-deposited sample is heated to a preset temperature in zero magnetic 
field. After stabilization of the final temperature, the external field, which is at 
90° of the initial exchange-biasing direction, is switched on. A rotation of the 
exchange-biasing direction towards the external field direction is observed. 

In all cases the external magnetic field is large enough to saturate the ferromag
netic layer in the direction of the external field. Relaxation experiments were per
formed at different temperatures. Measurement of the magnetization vs. field loop 
takes only 12 sec, which is to avoid relaxation behavior during the measurement. 
The external magnetic field was never large enough to have any direct influence on 
the direction of the magnetic moments in the antiferromagnetic layer. No previous 
annealing treatment was given to the samples. 

6.4 Experimental results and discussion 

The fit parameters obtained from the different models for all experiments treated in 
this chapter are given in Tables 6.2 and 6.3 at the end of this section. In the figures 
included in this chapter we will only mention the parameters r and ß as obtained 
from the stretched exponential function (Eq. 6.13). The relaxation time r is always 
given in minutes. 

First, the influence of the various experimental procedures, as described in the pre
vious section, is investigated. Figure 6.2 shows the relaxation of a 30 nm Iri9Mn8 i /6 
nm Ni8oFe2o film at 450 K when following either procedure (i) or procedure (ii). It 
clearly shows that the two procedures give different results. When first applying a 
field in the parallel direction, the subsequent relaxation of ffeb is slower than when 
the field is directly reversed. The fits of the data as obtained from the stretched 
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Figure 6.2: Comparison of relaxation of the exchange-biasing interaction for two bilay-
ers with 30 nm IrlsMngi/6 nm NiaoFe2o in bottom configuration for T = 450 K, following 
procedure (i) or (ii). The fits using the stretched exponential model and the calculated 
parameters are given in the picture. 

Table 6.1: Fit parameters for the measurement shown in Fig. 6.2 as determined by 
fitting the data with three different relaxation functions. 

barrier-height 
distribution 

^&mean °~ 

(K) 

relaxation-time 
distribution 

Tjnean 0~ 

(min) 

stretched 
exponential 

ß 
(min) 

procedure (i) 

procedure (ii) 

2700 0.60 

4600 0.47 

350 4.5 

23000 3.6 

1200 0.29 

31000 0.37 

exponential function are also shown in the figure. The fit parameters r and /3, are 
given in Table 6.1, together with the fit parameters obtained from the two other 
relaxation functions introduced in Section 6.2. All fitting procedures show that by 
previous annealing in a parallel field (procedure (ii)), the distribution of relaxation 
times becomes narrower (ß increases and a decreases) and the 'average' relaxation 
time increases dramatically. 

We conclude from the results shown in Fig. 6.2 that it is better to follow procedure 
(ii), because then the sample is more close to an equilibrium state at the moment 
when the relaxation experiment in antiparallel field is started. Since the experiments 
are performed on films with the bottom configuration, it is very likely that during 
deposition of the F layer at room temperature, the AF layer below can not reach a 
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Figure 6.3: Relaxation of the exchange-biasing interaction for a 10 nm iri9Mn8i/6 nm 
Nig0Fe2o film in bottom configuration at 350, 400 and 450 K, following procedure (ii). 
The time axis for each experiment is shifted, to let the switch from parallel to antiparallel 
direction of the external field take place at t=0. The lines are ßts of the experimental 
data obtained from the stretched exponential model, the calculated parameters are also 
given in the figure. 

low-energy domain configuration. Heating the as-deposited films in a parallel field 
for a longer period of time will enable the domain configuration to relax towards an 
equilibrium state, which is not possible when following procedure (i). 

The relaxation behavior as a function of sample temperature is shown in Fig. 6.3 
for a 10 nm Ir19Mn81/6 nm Ni80Fe2o film subjected to procedure (ii). The time axis 
is shifted, to have the relaxation in antiparallel field start at t = 0. As expected, 
the relaxation is faster at higher temperatures. There is a strong decrease of the 
relaxation time r for increasing temperature. The fractional exponent ß is found to 
be approximately constant in this temperature range. Similar behavior is found for 
samples with 30 and 4 nm Ir19Mn81-layer thickness with either Ni80Fe2o or Co90Fe10 

as the biased layer. A constant fractional exponent ß indicates that the distribution 
of relaxation times does not depend strongly on temperature. The reduction of the 
relaxation time can be explained by the increase of the thermal energy and also by a 
decrease of the anisotropy and exchange energy with temperature. Using the fitting 
function given in Eq. 6.12 to analyze the data in Fig. 6.3, i.e. the relaxation rate 
depends on temperature and energy-barrier height, the parameters A£mean and a 
are found to be almost equal for all temperatures (see also Table 6.2). As mentioned 
before, this does not necessarily mean that the barrier height AE2, which is related 
to the exchange and anisotropy energies, is independent of temperature. This is only 
true when u0 « 1. Also for other samples it is found that A£ is independent of 
temperature, except for a film with 4 nm Iri9Mn8i. 

The relaxation behavior of samples in a parallel field as a function of temperature 
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Figure 6.4: Relaxation of samples with 4 nm IrigMnsi/20 nm CogoFeio at 350 K in 
antiparallel field. The samples are annealed in parallel held at temperatures of 350 
and 400 K, respectively. The lines are fits using the stretched exponential function 
assuming iïeb.oo = — #eb,o- The calculated parameters are also given in the figure. The 
parameters indicated by 400* are calculated using the assumption that AHeb = 5.5 
kA/m, as explained in the text. 

is further investigated by the following experiment. Samples with 4 nm Iri9Mn81/20 
nm CogoFeio are heated to 350 or 400 K and kept at that temperature in a parallel field 
for approximately 4200 minutes. For the sample heated to 400 K, the temperature 
was then decreased back to 350 K. For both samples, the field was subsequently 
reversed to the antiparallel direction. The relaxation behavior is shown in Fig. 6.4. 
The sample that has been at 400 K has a higher initial exchange-biasing field, viz. 
.Heb = 4.10 kA/m in contrast to Heb = 2.75 kA/m for the sample heated at 350 
K, and it has a much slower relaxation rate than the sample that was only heated 
to 350 K. For the analysis of the data, it is assumed that total relaxation is possible 
from iïeb.o to -f/eb.oo = — r7eb,o- The calculated parameters for the two curves are 
significantly different as shown in the figure. 

It can not be excluded that for the sample that was kept at 400 K in parallel 
field, total relaxation (ffeb,oo = -Heh>0) is no longer possible at 350 K since the AF 
domains which could freely rotate at 400 K are frozen in at 350 K, i.e. the thermal 
energy applied is too low to overcome the energy barrier. The domains formed at 
350 K should however be able to rotate at that temperature. Therefore, the sample 
annealed at 400 K should show the same maximum possible change in H& as the 
sample annealed at 350 K, viz. 5.5 kA/m (fit parameters indicated by 400* in the 
figure). Analysis of the measurements with this assumption still does not result in 
similar parameters r and ß for both samples. This shows that annealing at a higher 
temperature leads to a different magnetic state, which has a different He\> and different 
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Figure 6.5: Relaxation of Heb at 400 K for £AF IrigMnsi/20 nm CogoFeio films with 
*AF = 4 and 10 nm (open symbols) and for £AF IrigMngi/6 nm Nig0Fe20 films with £AF = 
10 and 30 nm (solid symbols). The calculated parameters from the stretched exponential 
function are also given in the figure. 

relaxation behavior. 
In Fig. 6.5 it is shown that the relaxation rate is also influenced by the IrigMnsi-

layer thickness. A 10 nm IrigMnsi/ 6 nm Ni80Fe2o film shows a much faster relaxation 
than a film with 30 nm IrigMnsi. A 4 nm IrigMnsi / 20 nm CognFein film shows faster 
relaxation than a 10 nm IrigMnsi/ 20 nm Co90Feio film. Comparing the results for 
the films with 10 nm IrigMnsi, it is concluded that there is no difference in relaxation 
behavior between films with either CognFein or NisoFe2o as the biased layer. This 
is also concluded from measurements of the exchange-biasing field as a function of 
temperature as discussed in the previous chapter. For the experimental results shown 
in Fig. 6.5 the temperature was 400 K, but similar results follow from experiments at 
350 and 450 K. One has to note that the blocking temperature for films with 4 nm 
IrigMnsi has decreased to 450 K, whereas for 10 and 30 nm IrigMn8i the blocking 
temperature is 560 K. Furthermore, TEM analysis indicated a decrease of the degree of 
(111) texture and an increase of the average grain sizes with increasing IrigMnsi layer 
thickness (see also Chapter 5). A quantitative analysis of the results will therefore be 
very difficult. 

Figure 6.6 shows the relaxation of ifeb of a 10 nm IrigMnsi/6 nm NisoFe2o film 
towards the direction of the external field, which is at 90° of the initial exchange-
biasing direction, using procedure (in). For a similar sample, the relaxation behavior 
is determined with the external field at 180° of the initial exchange-biasing direction 
following procedure (%). To facilitate the comparison, the measured values of the 
exchange-biasing field with the external field at 180°, are reversed. The experimental 
results are fitted with the stretched exponential function using not only r and ß as 
variables, but also ffeb,<x>, since in this case He\3t00 7̂  — Heb,o- It is found that the 
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4000 

Figure 6.6: Relaxation of exchange-biasing interaction for 10 nm Iri9Mn8i/6 nm 
NisoFao film at 450 K with the field perpendicular and antiparallel to the initial 
exchange-biasing direction (procedure (i) and (iii)). The curve for the external field 
at 180° is inverted to facilitate comparison. The lines are fits from the stretched ex
ponential function. The calculated parameters: tfeb,oo, r and ß are given in the plot 
together with the measured r/eb,o-

relaxation rates do not differ much for the two configurations of the external field 
direction. A possible effect that could lead to a relatively larger relaxation time over 
180° could come from the fact that in this case the AF spins can rotate along two 
directions (left and right handed), leading to frustation. The fact that relaxation 
over 90° (where this problem can not occur) has a rate comparable to that over 180°, 
indicates that spin frustation is not an important effect in the relaxation behavior. 

In Figs. 6.7(a-c), the relaxation behavior of bilayers with Pd30Pt2oMn5o at 450 K, 
Fe5oMn5o at 375 K and Ir19Mn8i at 400 K are compared. Completely different values 
are found for the fit parameters r and ß when comparing Pd3oPt2oMn5o and Iri9Mn8i . 
The AF material Pd30Pt2oMn50 is very different from Iri9Mn8i. It has to be annealed 
at at least 250 °C for 1 hour, which induces a crystallographic transition from a face-
centered cubic to a face-centered tetragonal (fct) crystal structure. Only the fct phase 
shows exchange-biasing interaction. After annealing, only part of the Pd30Pt2oMn5o 
layer was found to have obtained the fct phase [81,111,112]. We therefore assume 
that the Pd3oPt2oMn5o layer consists of small areas that may induce an exchange 
anisotropy in the F layer and that these areas are surrounded by a non-interacting 
fee phase. This will give rise to a situation very similar to that of non-interacting 
monodomain particles assumed in the model of Fulcomer and Charap. The difference 
in crystallographic structure between Pd3oPt2oMn5o and Iri9Mn8i probably leads to 
a different behavior of Heb as a function of temperature and to a different relaxation 
behavior. 
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Figure 6.7: (a) Relaxation of a 25 nm Pd30Pt2oMn5o/4 nm Ni$0Fe2o Rim in antiparallel 
and subsequent parallel field at 450 K. (b) Relaxation of a 30 nm IrigMngi/6 nm NisoFe2o 
film in antiparallel and subsequent parallel field at 400 K. (c) Relaxation of a 10 nm 
Fe5oMnso/20 nm CogoFeio film in antiparallel and subsequent parallel field at 375 K. 
The lines are fits to the stretched exponential function, the obtained parameters are 
given in the plot. 
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Table 6.2: Fit parameters obtained when using the different relaxation functions in
troduced in Section 6.2. The results given are both for bilayers with NigoFe2o and with 
CogoFeio. The procedure followed is indicated by (i) or (ii) (see also Section 6.3). All 
ßts are performed assuming that iïeb,oo = —-Heb.o-

barrier-height relaxation-time stretched 
distribution distribution exponential 

<AF F̂ proc. T L±£"inean (7 Tmean a T ß 
(nm) (nm) (K) (K) (min) (min) 
F layer: Ni80 Fe20 

10 6 ii 350 3600 0.40 28000 3.3 33000 0.41 
10 6 ii 400 3550 0.39 7500 3.0 10300 0.41 

10 6 ii 450 3600 0.39 3500 2.9 5400 0.39 
30 6 i 375 2600 0.78 1300 5.5 3600 0.27 
30 6 i 400 2600 0.70 750 4.5 1700 0.30 
30 6 i 450 2700 0.60 350 4.5 1200 0.29 
30 6 ii 350 4400 0.55 90000 4.0 77000 0.39 
30 6 ii 400 4350 0.50 32000 3.6 33000 0.40 
30 6 ii 450 4600 0.47 23000 3.6 31000 0.37 
F layer: Cogc Fe10 

4 20 ii 350 2600 0.50 2000 3.6 3900 0.33 
4 20 ii 400 2050 0.35 190 2.5 260 0.30 
10 6 i 450 2500 0.30 300 1.8 390 0.41 
10 20 ii 400 3500 0.38 7000 3.0 9500 0.40 

A significant difference between the behavior of Pd3oPt2oMn5o on one side and 
IrigMn8i and Fe50Mn5o on the other is found when the external field is reversed back 
parallel to the intitial exchange-biasing direction after relaxation in the antiparallel 
direction. For Pd3oPt2oMnso, the relaxation in the parallel direction is found to be 
almost the same as the inverted curve of relaxation in the antiparallel direction. For 
Iri9Mn8i and Fe5oMn50 the relaxation for a parallel direction is very different from 
the antiparallel direction. We note that Van der Heijden et al. [100] have found that 
NiO behaves similarly to Pd30Pt2oMn5o in the sense that the relaxation in a parallel 
field is the same as the inverted relaxation in a previous antiparallel field for this 
material as well. 

6.5 Summary and conclusions 

First of all, one has to remark that all results presented in this chapter are for bottom 
type bilayers. Preliminary results do show similar behavior in top bilayers, but more 
experiments will be needed. 

The relaxation rate increases with increasing temperature or decreasing AF-layer 
thickness. The relaxation behavior does not depend on whether the F-layer material is 
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Table 6.3: Fit parameters for measurements where it is found that Heh)0a ƒ -Hebfi, 
which means that Heh,oo is now also taken as a variable. The results have only been 
analyzed using the stretched exponential relaxation function. 

t\F t¥ proc. 
(nm) (nm) (i, iii) 

T 
(K) 

#eb ,0 
(kA/m) (kA/m) 

T 

(min) 
ß 

F layer: Ni80Fe2o 
10 6 i 
10 6 iii 

450 
450 

5.04 
0 

-6.88 
7.80 

460 
750 

0.34 
0.35 

F layer: Co90Fei0 

30 6 i 450 4.42 -5.41 230 0.40 

Ni80Fe2o or Co90Fei0. The temperature and field history of the films before relaxation 
are found to influence the relaxation rate. This indicates that during heating of an 
Iri9Mn8i biasing layer in a (parallel) magnetic field there is an irreversible change of 
magnetic-domain structure in the F layer. 

The thickest Iri9Mn8i layers have the slowest relaxation rate and therefore the 
longest lifetime in high-temperature applications. E.g. for a 10 nm Iri9Mn81/20 
nm Co90Feio film it takes approximately 4000 minutes at 400 K for the exchange-
biasing field to change direction in an antiparallel external field, whereas for a 4 nm 
Iri9Mn8 i /20 nm Co90Fei0 film this will take only 90 minutes (see Fig. 6.5). In prac
tical applications, the exchange-biasing layers will only be heated for a short period 
of time when in use, and the lifetime will be much longer than the reversal time men
tioned above. Furthermore, methods will be used for increasing the stability of the 
magnetization direction of the biased layers, e.g. by making use of so-called artificial 
antiferromagnets (AAF). Of course, for practical applications biasing materials will 
be selected on the basis of the blocking temperature and the absolute value of the 
exchange-biasing field, as well. Minimizing the thickness of the biasing layer is im
portant because it acts as a shunting layer of the ferromagnetic layers in a spin valve, 
reducing the GMR effect. As mentioned before, the degree of (111) texture changes 
as a function of the thickness of the Iri9Mn81 layer, which could also have an influence 
on the relaxation behavior. Depositing the bilayers onto single crystalline substrates 
would give an opportunity to investigate the Iri9Mn8i thickness dependence for sam
ples which are microstructurally equivalent, and to study the influence of the different 
types of texture. 

Different relaxation functions have been used to analyze our experimental results. 
Using a log-normal distribution of relaxation times, often a very wide distribution has 
to be used to be able to fit the experimental data. Therefore, it is in practice well 
possible to use the stretched exponential function. In fact, all three fitting functions 
described in this chapter fit the experimental results quite well. A more detailed 
theoretical model that describes the relaxation phenomena in exchange-biasing films 
is still lacking. 

It is observed that Pd3oPt2oMn5o and NiO show similar relaxation behavior in 
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the sense that for both materials the relaxation in parallel field is equal to the in
verted curve for relaxation in antiparallel field [100]. Different types of materials like 
Iri9Mn8i and Fe5oMn5o show different relaxation behavior. This could be due to the 
fact that Pd3oPt2oMn5o and NiO consist of non-interacting monodomain particles, 
whereas Iri9Mn8i and Fe5oMn5o form continuous multidomain layers. 

The results presented in this chapter give more insight into the parameters that 
govern the relaxation behavior of Ir i9Mn8 i / Co90Feio and Ir i9Mn8 i / Ni8oFe2o bi-
layers. However, more experiments will be needed for a conclusive picture of the 
mechanism of exchange biasing and to assess the suitability of the exchange-biasing 
layer for practical applications. Not only for Iri9Mn8i, but also for other exchange-
biasing materials. 


