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Exchange bias: Dependence on the properties of the ferromagnetic interface layer
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The effect of interface magnetic dilution on exchange bias is studied with extensive Monte Carlo simulations
for a model system consisting of a ferromagnetic layer exchange coupled to a diluted antiferromagnet. The
dependence of the exchange bias fields on properties of the ferromagnetic interface layer are identified with
particular emphasis on magnetic dilution and bond distribution effects across the interface. It is shown that
some dilution of the ferromagnetic interface layer can lead to an increase in the bias field magnitude, even
though the net exchange interaction across the interface is reduced.
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I. INTRODUCTION

A unidirectional anisotropy can appear in a ferromagnet
(FM) in contact with an antiferromagnet (AFM) after cooling
the entire system to low temperatures. This effect is called
exchange bias (EB). Although EB is well known since many
years'"? it is still the subject of intense research due to its use
in magnetic sensor elements.’

By now it is well established that the occurrence of EB is
the result of an interfacial interaction between the FM and
AFM. EB is due to a net magnetization along the AFM in-
terface which is exchange coupled to the FM, providing part
of this magnetization is stable during field reversal. For com-
pensated interfaces this requires a mechanism which breaks
the symmetry between the different spin states in the AFM.
Malozemoff*® in his pioneering work argued that this sym-
metry breaking will occur because for temperatures below
the Néel temperature Ty stable domains in the AFM will be
formed due to interface roughness. However, the formation
of domain walls in the AFM only due to interface roughness
requires strong exchange fields with the FM layer and strong
external fields to provide the energy necessary to break the
AFM bonds along the domain wall.

In a series of papers’~'? it was shown, experimentally and
by Monte Carlo simulations, that it is possible to strongly
influence EB by replacing magnetic atoms by nonmagnetic
ones or by defects (called dilution in the following) through-
out the volume part of the AFM. In this case the observed EB
is primarily not due to disorder or defects at the interface.
Rather, the full antiferromagnetic layer must be involved and
it was argued that in these systems EB has its origin in a
domain state (DS) in the whole of the AFM which triggers
the spin arrangement and the FM/AFM exchange interaction
at the interface. This domain state carries magnetization
since it develops during a cooling process in which the AFM
is in contact with a saturated FM and eventually also ex-
posed to a magnetic field. The formation of domains with
increasing dilution leads to an increase in the excess magne-
tization in the AFM and in turn to a strong increase in the
EB. In a recent paper'' it was shown that an inclusion of
some additional roughness at the interface shifts the maxi-
mum of the bias field to lower dilution resulting in a better
agreement between experiments and simulations. Note that
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in the limit of vanishing bulk dilution the model investigated
numerically in Ref. 11 coincides with the model of
Malozemoff*~® and it was found that EB indeed can appear
only due to interface roughness supporting qualitatively the
earlier ideas of Malozemoff.

Already in this early work it was conjectured that disorder
in the AFM is important for EB to occur, although the type of
disorder should not be important. It was claimed, for ex-
ample, that a FM layer coupled to a spin glass would also
show EB.” Experimentally, this has been observed in many
systems.'>"1® Very recently we were able to confirm this by
computer simulations.!”

Experimentally, there is recently much interest in tuning
exchange bias by introducing defects at or close to the FM/
AFM interface. These defects can consist of magnetic atoms
of various kinds or of nonmagnetic atoms.'®?° Unfortu-
nately, a detailed microscopic defect structure at the interface
is not available. A complication is that introduction of mag-
netic or nonmagnetic defects can introduce too wide a vari-
ety of new parameters. In the interest of providing meaning-
ful results that are not strongly dependent on fine details of
the defects, we simulate in the present paper only certain
aspects of the problem by choosing a highly restricted set of
free parameters.

The aspect we want to concentrate on is the question of
how two types of disorder at the AFM/FM interface affects
EB. We consider site dilution and bond dilution. In the first
case magnetic atoms in the FM interface layer are removed
while in the second case exchange couplings across the
AFM/FM interface are replaced by those of different
strength. This is expected to capture in a simple way relevant
aspects of the dusting of the interface with nonmagnetic and
magnetic impurities, respectively, studied experimentally in
Refs. 18 and 19. Note that it is important to keep the other
parameters, in particular, those of the AFM layer, constant in
order to better trace back the sources of possible changes in
EB. Therefore, throughout this paper the concentration of
magnetic sites in the AFM is chosen to be 0.5. This concen-
tration was found to lead to an appreciable bias field and to
small domains in the AFM.® These domains appear on a
broad distribution of length scales with domain walls prefer-
entially perpendicular to the AFM layer. Note also that in
computer simulations within the frame work of the DS
model typically one ferromagnetic monolayer without dilu-
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tion is considered so far. In Ref. 11 a rough interface is
modeled with an intermixed AFM interface composed of dif-
ferent magnetic ions in contact with a ferromagnetic mono-
layer. As explained below, this is a different case from that
studied in the present paper.

II. MODEL

The Monte Carlo simulations were performed on a model
consisting of a FM layer exchange coupled to an AFM layer
(usually comprising four AFM monolayers). A simple cubic
lattice is assumed for both the FM and the AFM layer which
are lying in the xy plane.

The FM is described by a classical Heisenberg model with
exchange constant Jgy;. The Heisenberg spins S; are unit vec-
tors with Cartesian components S;,, S;,, and S;,, where i de-
notes a site index. We introduce an easy axis in the FM (x
axis, anisotropy energy d,=0.05Jgy) in order to obtain well-
defined hysteresis loops. The anisotropy constant d, sets the
Stoner-Wohlfarth limit of the coercive field, i.e., the low-
temperature limit of the coercive field for the case of mag-
netization reversal by coherent rotation (uBg,,.,=2d, in our
units for a field parallel to the easy axis). The dipole inter-
action is replaced by an additional anisotropy term (aniso-
tropy constant d,=—0.1J/gy) which mimics the shape aniso-
tropy. The precise value of d, is not very crucial since for any
finite value of d, the magnetization is preferentially in the xy
plane.

For the AFM we assume a large uniaxial anisotropy be-
cause it is known that this leads to large exchange bias.'® The
AFM is therefore described by an Ising Hamiltonian where
the easy axis is parallel to that of the FM. We further assume
a nearest-neighbor interaction Japy(i,j) between pairs of
spins of the AFM and an interaction Jiyr(k) across the inter-
face between an Ising spin at the AFM interface layer and its
neighbor in the FM layer both labeled with the same index k.
Thus the Hamiltonian of our system is given by

H=—Jen Si- Sj— 2 (dSL+d S+ mwB - S)
(i.j) i

- Japm(isj) oo — > wiBoi= 2 Jint(k) S,
(i.j) i k

(1)

The first line contains the energy contribution of the FM, the
second line describes the AFM while the third line includes
the coupling between FM and AFM, where it is assumed that
the Ising spins o interact with the x component of the
Heisenberg spins of the FM. An external magnetic field B is
applied to the system and u; denotes the magnetic moment.

The exchange interaction across the interface between
AFM and FM is denoted by Jiyr(k) and will be specified in
the following. We set Japy=—Jpm/2 throughout the paper
mainly in order to have a (nearly) saturated ferromagnetic
layer in the relevant temperature region below the AFM or-
dering temperature.

The systems considered are magnetically diluted. This
means that only a certain fraction of lattice sites are occupied
with spins. The sums in Eq. (1) run only over these occupied
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sites. The concentration of magnetic sites in the AFM which
consists always of four monolayers is chosen to be capy
=0.5 throughout the paper. This concentration leads to an
appreciable bias field'? and to small domains. The FM layer
is assumed to consist of a bilayer where sites in the outer
ferromagnetic monolayer are magnetically filled while the
concentration of magnetic sites at the ferromagnetic interface
layer is set to cgy. Additionally, we consider a disorder of the
bonds across the FM/AFM interface.

We consider quenched random disorder such that each
site is either empty or filled with a site-independent probabil-
ity or, in the case of bond disorder, the strength of each bond
across the interface is chosen from a bond-independent prob-
ability distribution. For each particular disorder configura-
tion, thermodynamic quantities are calculated and, if not oth-
erwise stated, an average is taken over six independent
configurations.

III. MONTE CARLO SIMULATIONS

The model explained above is simulated using Monte
Carlo methods with a heat-bath algorithm and single-spin-
flip dynamics. The trial step for a spin update is a spin flip
for the Ising model and a random choice of a spin vector for
the Heisenberg model. To increase the acceptance rate in the
simulations the choice of this spin vector is restricted to a
cone around the spin to be updated. We perform typically
250 000 Monte Carlo steps per spin (MCS) for a complete
hysteresis loop (for one particular configuration of the de-
fects).

We use systems of lateral extension L X L with L=128 in
the xy plane (the film plane) with periodic boundary condi-
tions in the plane. Comparison with simulations of smaller
systems confirmed that there are no relevant finite-size ef-
fects as long as the system is not much smaller than L
=128. Note that this relatively small size provides reliable
results because the large dilution of the AFM layer forces the
creation of small domains in the AFM. All spins are assumed
to have the same magnetic moment u. In the following we
will use reduced fields b=uB/Jgy; and reduced temperatures
= kB T/ J FM-

A. Hysteresis

In all our simulations the system is slowly cooled starting
from an initial temperature r=1.75 down to the desired mea-
suring temperature at which the hysteresis loops were moni-
tored. We start with an FM initially magnetized along the
(easy) x axis and a random spin configuration in the AFM.
The temperature ¢ is reduced in small steps 6#=0.002 and in
each step 100 MCS are performed.

When the desired final temperature is reached a magnetic
field b=bX+b,y is applied under a very small angle with
respect to the easy axis, b,=ab, with slope a=0.1, in order
to define a certain path for the rotation of the magnetization
during field reversal. The initial value of b, is chosen to be
0.2, about twice the value of the switching field. The x com-
ponent of the field, b,, is then reduced in steps of b,
=0.0005 down to —0.2 and afterwards raised again up to the
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FIG. 1. (Color online) Typical hysteresis loops for temperature
t=0.35. Shown is the reduced magnetic moment per spin of the

AFM interface layer (smallest moment at »=0.12) and that of the
two FM monolayers. Loops are truncated at |b|=0.12.

initial value. This corresponds to one cycle of the hysteresis
loop.

Typical hysteresis loops are depicted in Fig. 1. Shown is
the averaged layer resolved magnetic moment per spin, {S;,),
for the two FM monolayers and that for the AFM interface
layer, (o). Here, the brackets denote a thermal average while
the bar denotes a spatial average over all spins within the
layer considered.

Site dilution is considered here and the concentration of
magnetic sites in the FM interface layer is cpy=0.7. Figure 1
shows that the averaged magnetic moment per spin of this
layer is only slightly smaller than that of the other FM layer
for low temperatures. For increasing temperatures simula-
tions show that the interface moment is reduced considerable
as compared to that of the other FM layer due to spatial
disorder and thermal effects.

The FM hysteresis loops display a shift along the field
axis to negative fields identified as exchange bias. The cor-
responding field is determined from bg,=(b*+b7)/2, where
b* and b~ are those fields of the hysteresis loop branches for
increasing and decreasing field, where the easy axis compo-
nent of the magnetic moment becomes zero. In principle, one
could define these fields b* and b~ for each layer separately.
In the following, however, b* and b~ refer always to those
fields where the x component of the total averaged moment
of the FM layer becomes zero. The corresponding coercive
field is b,=(b*-b")/2.

B. Site dilution

The dependence of the EB field of a FM bilayer on the
dilution of the FM interface layer is studied in detail for a
reduced temperature of =0.05. Our simulation results for
systems cooled in an applied field b.,,;=2.0 are shown in
Fig. 2. Going from cpy=1.0 to lower concentration of mag-
netic ions the absolute value of the bias first increases rapidly
with increasing number of defects in the FM interface layer
and reaches a maximum around cgy=0.4. For cgpy— 0, on
the other hand, there is only one FM monolayer remaining
which is decoupled from the AFM layer so that the bias goes
to zero.

This observed increase in |b,,| for small dilution is re-
markable because a dilution of the FM interface layer weak-
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FIG. 2. Exchange bias versus concentration cgy; of magnetic
ions in the FM interface layer at reduced temperature #=0.05 for a
FM bilayer. The line is a guide to the eyes.

ens the interface exchange interaction. Contrary to what
might be expected, this weakening obviously does not lead
to a decrease in |b,,|. As will be discussed in detail below we
understand this interesting behavior as a result of better ad-
justment of the domains in the AFM layer to the diluted FM
interface layer as compared to the undiluted case (for not too
large dilution), an argument put forward already in Ref. 19.

An initial increase in |b,,| with increasing number of de-
fects has also been observed experimentally'® in perpendicu-
lar exchange bias systems where it is claimed that the addi-
tion of a Pt spacer layer induces a better collinear alignment
of the spins in the FM layer out of the plane. In Ref. 19, on
the other hand, this effect is also observed again with a Pt
layer for the case that the magnetization for both layers is
parallel to the film similar to the situation in the present
investigation. Note, however, that for other nonmagnetic im-
purities such an increase seems to be very small or even
absent although the decay of the bias is very slow for a small
number of defects.!®?® A possible explanation is that already
without dusting with nonmagnetic impurities the FM inter-
face layer contains defects so that further dusting is less ef-
fective and primarily only weakens the exchange interaction
at the interface.

For a deeper understanding of this unexpected behavior of
the bias when diluting the FM interface layer we analyzed in
more detail the magnetization behavior at the interface. The
number of ferromagnetic bonds across the interface connect-
ing a FM spin with an Ising spin is, on average, 0.5¢gy for a
dilution cppy=0.5 of the AFM. Consider now a weakly di-
luted FM interface layer. If the domain state which is estab-
lished during field cooling is only slightly dependent on cgy
we would expect frozen magnetizations in the AFM interface
layer and correspondingly a bias field proportional to the
number of bonds across the interface, i.e., proportional to
cpme and inversely proportional to (1+cpy) because the re-
duced number of spins in the FM. This, however, is not
observed in the simulations so that the assumption of a dilu-
tion independent domain state must be abandoned. On the
contrary a strong dependence of the spin structure on cpy
during cooling must take place.

A simple argument for understanding this behavior can be
constructed as follows. Consider an undiluted FM in contact
with a diluted AFM. The region of the FM/AFM interface
covering a domain in the AFM can take three possible con-
figurations: (1) the FM is in contact with a preferentially
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magnetized AFM, (2) the FM is in contact with an unfavor-
ably magnetized AFM, and (3) the FM is in contact with a
zero magnetized AFM. Using + and — to denote the orienta-
tion of spins, we represent these three configurations sche-
matically as

(1):

+++++F
+—-+-+AF,

(2):

+++++F
-+—-+-AF,

(3):

++++F

+—-+—-AF.

Defining f as the fraction of favorably oriented F/AF do-
mains, u as the fraction of unfavorably oriented F/AF do-
mains, and n as the fraction of neutral aligned domains, we
require 1=f+u+n. Furthermore, we assume that the f and u
domains are frozen such that upon field cooling, the u do-
mains do not turn into f domains. Now suppose that holes
are introduced into the ferromagnet so that the ferromagnet
concentration is cpy;. Next, under the assumption that cpy; is
not too large, we might say that a hole in f does not on
average affect the f domains. Likewise, if ¢ is not too large,
a hole in u does not on average affect u.

However, a hole in an n domain does change an n into
either an f or a u domain. After field cooling, then if the
resulting u domains can reverse to become f domains, one
sees an increase in bias. This can be written as b,,=c[f—u
+n(1-c)]=c(1-2u)-nc* This gives a maximum bias at a
value determined by n for some cpy<0.5.

Computer simulations support these qualitative argu-
ments. To show this we measured along the hysteresis path
the averaged magnetic moment of those spins in the AFM
interface layer which are connected to a neighboring FM
spin. To be more specific after cooling the system in a field
beoo1=2.0 down to a temperature of t=0.05 as described
above a field b,,,,=0.2 is applied which is the starting field
for the descending branch of the hysteresis loop. At this start-
ing field 20 000 MC steps are performed for equilibration of
the system. At this applied field, the averaged moment of
AFM interface spins connected to FM spins is calculated,
where the average is taken over 300 MCS in order to reduce
thermal fluctuations. The averaged moment per connected
AFM interface spin at this field is denoted by m;.

After completion of the descending branch we similarly
determined the magnetic moment m, at —b,,,,, and again
after completion of the ascending branch of the loop we de-
termined the moment m5 at b,,,,. These quantities are shown
in Fig. 3 as functions of cpy. The interesting point is the
rather strong increase especially of |m;| with decreasing cpy
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FIG. 3. (Color online) AFM interface moment m, (circles), m,
(squares), and ms (diamonds) as explained in the text versus con-
centration cpy; of magnetic ions in the FM interface layer at reduced
temperature r=0.05 for a FM bilayer.

This means that the domain state established upon cooling is
significantly changed by diluting the FM interface layer: the
magnetization of the connected AFM interface spins is in-
creased due to a better adjustment of the AFM interface layer
to the diluted FM layer.

The principle at work is analogous to how two rough
surfaces can establish a contact which one another that is
stronger than what would occur if one surface were perfectly
flat. As a result there will be large differences in the friction
associated with rough-rough and rough-smooth surfaces. In
our magnetic case, the bias field is the analog to friction.
Note that after completion of the first hysteresis cycle the
magnetic moment at b,,,,, ms, is slightly reduced as com-
pared to m, the magnetization at the beginning of the loop, a
phenomenon called training.

The quantities m;+m, and m,+m; are identified as the
frozen parts of the AFM interface magnetization for the de-
scending and the ascending branch, respectively, of the hys-
teresis loop, being at the origin of exchange bias.” Indeed,
the bias field can be estimated from these shifts.

Consider first the descending branch of the hysteresis
loop. The upward shift of the connected part of the magnetic
moment of the AFM interface layer results in an exchange
energy %(m1+m2)ZJINT leading to a shift of the hysteresis
loop along the b axis of

2

B == S a4+ m)——
=-= mp+m)—>———,

o INTHH g (L2+NINT)
where Z is the number of connected sites across the interface
and Nyyt the number of spins in the FM interface layer.

A similar shift can be calculated for the ascending branch
of the loop by replacing m; by ms.

These two shifts contribute to the bias field. Averaging
their contribution leads to the following estimate of the bias
field

Z

(L*+Npyp) G)

-~ 1

b= ZJINT(ml +2my +mj3)
This quantity is shown in Fig. 4 together with the bias field
calculated in the usual way from the hysteresis loop. The
agreement between the two approaches for calculating the
bias field is fair in view of the fact that the calculation of the
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FIG. 4. (Color online) Exchange bias fields versus concentration
cpym of magnetic ions in the FM interface layer at reduced tempera-
ture r=0.05 for a FM bilayer as calculated from the switching fields
along the hysteresis paths (circles, black) and from the magnetiza-
tion shifts (squares, red), respectively. The lines are a guide to the
eyes.

bias field using the magnetization shifts neglects those parts
of the AFM spins which follow the field during hysteresis.
These fields are important in the precise determination of the
switching fields b_ and b, as was discussed in Ref. 21.

Note that in sufficiently large systems we have Nyt
=cpyl? and Z=0.5¢gyL? (0.5 for the dilution of the AFM) so
that

~ 1 c

b=~ ZJINT(ml +2my + m3)ﬁ 4)
recovering the proportionality of b,, to cpy/(1+cpy) and
identifying the nonmonotonous behavior of b,, as due to the
strong dependence of the moments m; on cpy.

The coercive field shown in Fig. 5 decreases with increas-
ing number of defects and goes through a minimum at a low
concentration of magnetic sites of about cgy=0.3. This ini-
tial decrease agrees with experimental results in Ref. 19 but
it is in disagreement with Ref. 18 where it is found that the
coercive field more or less follows the absolute value of the
bias field. Possibly this disagreement is due to the different
spin structure in the two systems.

C. Bond disorder

The inclusion of magnetic impurities at the interface gives
rise to a strong increase in the absolute value of the bias

0.1

0.08

0.07 n 1 n 1 n 1 n 1

FIG. 5. Coercive field versus concentration cgy of magnetic
ions in the FM interface layer at reduced temperature t=0.05 for a
FM bilayer. The line is a guide to the eyes.
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FIG. 6. (Color online) Exchange bias versus concentration pyonq
of bonds across the AFM/FM interface with exchange interaction
put to zero (circles) or enlarged by a factor of 2 (squares) at reduced
temperature r=0.05 for a FM bilayer. The line is a guide to the eyes.

field." In these experiments different kinds of magnetic im-
purities where placed at the FM/AFM interface. To model
this in a simple way we consider a FM bilayer and vary the
size of exchange bonds across the AFM/FM interface, keep-
ing the other parameters fixed. The temperature is chosen to
be =0.05 and the systems are cooled in zero field.

The bias field as function of the concentration of bonds
which have been modified, pyy.q, 1S shown in Fig. 6 for two
cases. Either the exchange interaction of these bonds is set to
zero (bond dilution) or it is enlarged by a factor of 2. In the
first case we again observe an increase in |b,,| with increas-
ing dilution py,,q With a maximum around py,,q=0.4. This
corresponds exactly to the behavior found for site dilution.
For pyong— 1, on the other hand, there is only one FM mono-
layer left which is decoupled from the AFM layer so that the
bias goes to zero.

In the second case an even stronger increase in |b,,| for
small strength dilution py,,,q is observed which levels out at
around py,,q=0.5. This behavior is similar to what has been
found experimentally (see Fig. 3 in Ref. 19). The decrease in
b,, observed in this work for large values of the impurity
layer thickness can be understood as due to the inverse de-
pendence of bias on the large nominal ferromagnetic layer
thickness.

For pyona— 1, the bias is nearly twice as large as for
Poond— 0. In both of these limits there is no disorder in the
bonds at the interface. In this case the bias |b,,| is propor-
tional to Jpyr and the frozen magnetization at the AFM inter-
face as explained in detail in Ref. 21. If the latter is not
affected too much by the strength of the bonds across the
interface (within certain limits, of course) a proportionality
to Jint 1S expected.

The coercive field as function of py,q is shown in Fig. 7.
General speaking the effect of bond dilution on the coercive
field is by far not as large as site dilution, see Fig. 5. The
reason is that site dilution in the FM interface layer intro-
duces strong disorder in this layer while a dilution in the
bonds across the interface essentially only decouples the FM
bilayer from the AFM layer: spins in the FM interface layer
remain connected to five FM neighbors resulting in a
(nearly) saturated FM layer at low temperatures so that a
coercive field close to the Stoner value, bg,,,.,=0.1, is ex-
pected. If, on the other hand, the exchange interaction across
the interface is enhanced, the coercive field will increase
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FIG. 7. (Color online) Coercivity versus concentration pyng of
bonds across the AFM/FM interface with exchange interaction put
to zero (circles) or enlarged by a factor of 2 (squares) at reduced
temperature #=0.05 for a FM bilayer. The line is a guide to the eyes.

because an increased number of spins in the AFM layer will
be reversed during hysteresis cycles.

D. Temperature dependence

The temperature dependence of the EB field is shown in
Fig. 8 for three different site disorders and zero-field cooling.
Circles show the bias field for a FM layer consisting of two
undiluted monolayers, squares show the bias field if the FM
interface layer is diluted, cgy=0.7, while diamonds show the
bias field if only one undiluted FM monolayer is present.

The absolute value of the EB field decreases with tem-
perature and goes to zero at the blocking temperature (the
temperature of the onset of EB). The blocking temperature is
roughly the same for all three cases showing that it is a
parameter mainly dependent on the properties of the AFM
layer.

A second feature is worth mentioning: an increase in the
dilution of the FM interface layer increases the absolute
value of the bias field over the whole temperature region. We
explain this as again an example of how domains in the AFM
layer optimize to the diluted FM more effectively than in the
undiluted case. Note that this increase only takes place for
small dilutions (see Fig. 2).

Since EB is an interface effect it is expected that at low
temperatures the bias field is reduced by a factor of 2 if the
number of FM layers is doubled (providing there is no dis-
order in the FM layer present). This is indeed observed in our
simulations. At a reduced temperature of =0.05 the bias for
the FM monolayer is about 0.011 while that of an undiluted
FM bilayer turns out to be about 0.0068. They do not differ
exactly by a factor of 2 because temperature effects reduce
the magnetic order more severely in a monolayer as com-
pared to a bilayer. The proportionality of the bias to the
inverse of the number of FM monolayers is expected to be
valid only for a given AFM layer, a situation different from
that encountered in Ref. 11 where the bias was found to be
independent of the number of FM monolayers.

The observed increase in the bias field for a diluted FM
interface layer is in accordance with the argument that the
bias should be proportional to the inverse of the nominal FM
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FIG. 8. (Color online) Bias field as a function of reduced tem-
perature t=kgT/Jgy for a FM bilayer with cgy=1.0 (circles), a FM
bilayer with cpy=0.7 (squares), and an undiluted monolayer (dia-
monds). The line is a guide to the eyes.

layer thickness. However, it is expected (and seen in our
simulations) that this argument breaks down for increasing
temperatures. The reason is that temperature reduces the
magnetic order in the FM layer and this reduction is stronger
in the magnetic monolayer as compared to a bilayer.

IV. CONCLUSIONS

While the importance of disorder in the AFM layer ex-
change coupled to a FM layer is well understood within the
framework of the DS model, less is known about the influ-
ence of disorder in the FM layer on exchange bias and coer-
civity. By varying the properties of the FM interface layer of
a FM bilayer exchange coupled to a diluted AFM layer we
have shown with extensive Monte Carlo simulations that dis-
order in the FM layer also can have a significant influence on
the properties of an EB system. We have shown, in particu-
lar, that both a (small) magnetic dilution of the FM interface
layer and a bond dilution at the AFM/FM interface can in-
crease the absolute value of the bias field significantly. Fur-
thermore we have shown that a distribution of exchange in-
teractions across the AFM/FM interface also gives rise to a
remarkable increase of the bias, partly because of disorder
effects, and partly because of larger exchange interactions.
The observed initial increase in |b,,| is due to an easier ad-
justment of the domains in the AFM layer to the spins in a
slightly diluted FM interface layer as discussed before.

In the present paper a simple model for the AFM/FM
interface is studied. It would be desirable to have more mi-
croscopic information about the interface structure and the
properties of the defects to set up a more realistic model for
simulations. Without this we are restricted to only point out
certain trends within our model.
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