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Contact between a Co/Pt multilayer and an IrMn film leads to perpendicular exchange bias. The
exchange bias field does not depend on the degree ofs111d film texture and for Co/Pt multilayers
with IrMn at the bottom it can be enhanced by magnetic field annealing. The perpendicular
exchange bias of the Co/Pt–IrMn system is limited by a misalignment between the Co spins and the
film normal, which is due to a negative magnetic anisotropy contribution from the Co/ IrMn
interfacesKS

Co/IrMn=−0.09 mJ/m2d. The insertion of a 3 Å thick Pt layer at the Co/ IrMn interface
maximizes the perpendicular exchange-bias field. ©2005 American Institute of Physics.
fDOI: 10.1063/1.1855699g

Exchange-biased ferromagneticsFMd films with in-plane
magnetization are utilized in applications such as read heads,
magnetic sensors, and magnetic random access memory. Ex-
change bias in these structures is established by contacting
the FM film with an antiferromagneticsAFMd layer and the
effect manifests itself by a shift in the hysteresis loop and
enhanced coercivity.1 For practical applications, IrMn is an
interesting AFM material since it combines good corrosion
resistance with relatively high interfacial exchange energy,
high blocking temperaturesTB<250 °Cd, and small critical
thickness.2–7Although it has been intensively studied for sys-
tems with in-plane magnetization, it has hardly been used in
recent studies on perpendicular exchange bias.8–18 In a recent
paper, Sortet al. showed that Co/Pt multilayers with out-of-
plane magnetization can be biased by growing an IrMn layer
on top.19 In this paper we present an overview on the
exchange-biasing properties of IrMn in systems with perpen-
dicular magnetic anisotropy. We show that Co/Pt multilayers
with an IrMn film on top or at the bottom exhibit a consid-
erable perpendicular exchange bias in the as-deposited state.
Magnetic field annealingsbottom-pinned structuresd and/or
the insertion of a thin Pt layer at the Co/ IrMn interface fur-
ther enhances the exchange-bias field.

The Co/Pt multilayers were deposited by dc magnetron
sputtering onto thermally oxidized Si substrates. A metal
shadow mask was used to define Hall bars with a linewidth
of 200 mm. The relatively large extraordinary Hall effect
sEHEd of the Co/Pt–IrMn structures, which depends linearly
on the out-of-plane moment, was utilized to measure the ex-
change bias field, the coercivity, and the perpendicular mag-
netic anisotropy. The crystalline structure of the multilayers
was characterized with x-ray diffractionsXRDd. For the field
annealing experiments we used a vacuum furnacesp,1
310−6 mbard and a superconducting magnet.

Figure 1 clearly shows that Co/Pt multilayers with out-
of-plane magnetization can exhibit perpendicular exchange
bias when covered with or grown on top of an IrMn layer. In
the as-deposited state the exchange-bias field is largest for

Co/Pt multilayers with IrMn on top. In this case, domain
formation in the antiferromagnetic IrMn film is influenced by
the out-of-plane moment on the Co surface. When the IrMn
layer is grown first, no magnetic moment is present to estab-
lish a favorable domain structure in the antiferromagnet and
this results in a smaller perpendicular exchange-bias field.

Annealing for 1 h at 220 °C in an out-of-plane magnetic
field of 5.5 T changes the exchange-bias field. For the top
configuration the bias field decreases, whereas for the bottom
configuration it increases. Since the magnetic history for
both films is similar after the annealing process the differ-
ence in exchange-bias field is structural in origin. For IrMn
exchange-biased systems with in-plane magnetization, a dif-
ference in thes111d film texture has been suggested as a
possible explanation.2–7 However, XRD measurements on
the annealed Co/Pt multilayers only reveal a minor differ-
ence ins111d texture indicating that other structural param-
eters such as interface roughness and grain size have a
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FIG. 1. Out-of-plane EHE hysteresis loops of a SiO2/ fPt s20 Åd /
Co s4 Ådg3/ IrMn s100 Åd /Pt s20 Åd multilayer sfilled circlesd and a
SiO2/Pt s20 Åd / IrMn s100 Åd / fCo s4 Åd /Pt s20 Ådg3 multilayer sopen
circlesd beforesad and aftersbd magnetic field annealing at 220 °C.
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greater influence on the exchange-bias interactions in the
Co/Pt–IrMn system.

To study the influence of texture perfection on the per-
pendicular exchange-bias field in more detail, we grew a
series of IrMn-covered Co/Pt multilayers on different Pt
seed layers. Figure 2sad shows XRD scan for SiO2/
Pt st Åd / fCo s5 Åd / Pt s20 Ådg2 / Co s5 Åd / IrMn s100 Åd /
Pt s20 Ådmultilayers withtPt=20 Å andtPt=100 Å and Fig.
2sbd summarizes the dependence of the IrMns111d and
Pts111d peak intensities ontPt. As expected the XRD mea-
surements reveal a clear enhancement of thes111d film tex-
ture with increasing Pt seed layer thickness. Although the
more perfect initial Co/Pt growth on thicker Pt seed layers
results in a well-known increase of the coercive field,20 the
perpendicular exchange-bias field remains constant at about
8 mT fsee Fig. 2scdg. From this we conclude that there is no
direct relation between the degree ofs111d texture and the
perpendicular exchange-bias field in the Co/Pt–IrMn sys-
tem.

The deposition of an IrMn film on top of a Co/Pt
multilayer changes the magnetic anisotropy of the system.
The magnetization of the multilayer remains out-of-plane if
the effective magnetic anisotropyKef f.0. For Co/Pt multi-
layersKef f can be written as14,21

Kef f = KV +
s2n − 1dKS

Co/Pt

ntCo
+

KS
top

ntCo
,

whereKV is the volume anisotropy of the Co layers, which
includes the shape and magnetocrystalline anisotropy, and
KS

Co/Pt is the interfacial anisotropy of the Co/Pt interface. For
the unbiased and exchange-biased Co/Pt multilayers,KS

top

represents the interfacial anisotropy of the top Co/Pt inter-
face sKS

Co/Ptd and the Co/ IrMn interfacesKS
Co/IrMnd, respec-

tively. We have estimatedKef f from EHE measurements with
an in-plane applied magnetic field. In these measurements
the magnetization direction rotates coherently from perpen-
dicular to parallel to the film plane. The anisotropy fieldHk

necessary to obtain in-plane magnetization varies linearly
with Kef f and is approximately given byHk=2Kef f/m0MS.
The resulting effective magnetic anisotropy of Co/Pt multi-
layers with and without an IrMn top layer is shown as a
function of 1/tCo in Fig. 3. For the unbiased Co/Pt
multilayer the effective magnetic anisotropy increases with
decreasing Co layer thickness and a fit to the data yields
KS

Co/Pt=0.11 mJ/m2. The effective anisotropy is smaller for
the exchange-biased Co/Pt multilayers. From the slopes of
the two fits to the data in Fig. 3 the interfacial magnetic
anisotropy of the Co/ IrMn interface can be determined. The
result,KS

Co/IrMn=−0.09 mJ/m2, indicates that the contribution
of the Co/ IrMn interface to the effective magnetic aniso-
tropy favours in-plane magnetization. Although the magni-
tude of this in-plane anisotropy is not enough to reorient the
magnetization of the Co/Pt multilayer from out-of-plane to
in-plane, it might tilt the Co spins away from the film normal
in the vicinity of the Co/ IrMn interface. Such a misalign-
ment between the magnetization of the top Co layer and the
film normal will reduce the perpendicular exchange-bias
field and this might be the main reason for the previously
reported disappearance of exchange bias in Co/Pt–IrMn sys-
tems with a direct contact between the top Co layer and the
IrMn film.19

It has recently been shown that the exchange bias of
Co/Pt multilayers with out-of-plane magnetization can be
enhanced by the insertion of a thin Pt layer at the Co/AFM
interface.15,19 Figure 4 shows that this also holds for our
IrMn exchange-biased structures. For SiO2/ fPt s20 Åd /
Co s5 Ådg3/Pt st Åd / IrMn s100 Åd /Pt s20 Åd multilayers
the perpendicular exchange bias initially increases and then
decreases with the Pt insertion layer thickness. The depen-
dence ofHeb on tPt is a result of two competing effects: The
increase ofHeb is due to a reorientation of the Co spins
towards the film normalsKS

Co/Pt is positived and the decrease
of Heb is a result of the exponential decay of the FM/AFM
exchange bias interaction with nonmagnetic insertion layer

FIG. 2. sad XRD data for SiO2/Pt st Åd / fCo s5 Åd /Pt s20 Ådg2/
Co s5 Åd / IrMn s100 Åd /Pt s20 Åd multilayers witht=20 Å sfilled circlesd
andt=100 Å sopen circlesd. sbd Intensity of the IrMns111d reflectionsfilled
circlesd and Pts111d reflectionsopen circlesd as a function of Pt seed layer
thickness.scd Perpendicular exchange bias fieldsfilled circlesd and coerciv-
ity sopen circlesd as a function of Pt seed layer thickness.

FIG. 3. Effective magnetic anisotropy as a function of the inverse Co layer
thickness for SiO2/ fPt s20 Åd /Co st Ådg3/Pt s20 Åd sfilled circlesd and a
SiO2/ fPt s20 Åd /Co st Ådg3/ IrMn s100 Åd /Pt s20 Åd sopen circlesd
multilayers.

10K114-2 van Dijken et al. J. Appl. Phys. 97, 10K114 ~2005!

Downloaded 12 Aug 2009 to 134.226.1.229. Redistribution subject to AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp



thickness.22,23The maximum exchange bias field is 16.5 mT
for tPt=3 Å, which is more than a factor 2 larger than that of
the Co/Pt multilayer without Pt insertion layer. The increase
of Heb is accompanied by an enhancement of the coercive
field.

In conclusion, we have shown that IrMn can be used to
exchange-bias Co/Pt multilayers with perpendicular mag-
netic anisotropy. For the perpendicular exchange-bias field
we find thats1d in the as-deposited stateHeb is largest for
Co/Pt multilayers with an IrMn film on top.s2d Magnetic
field annealing enhancesHeb for Co/Pt multilayers with
IrMn at the bottom.s3d Heb does not depend on the degree of
s111d film texture.s4d Heb is limited by an in-plane magnetic
anisotropy contribution from the Co/ IrMn interface
sKS

Co/IrMn=−0.09 mJ/m2d. s5d The insertion of a 3 Å thick Pt
layer at the Co/ IrMn interface more than doublesHeb.
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FIG. 4. Out-of-plane EHE hysteresis loops of SiO2/ fPt s20 Åd /
Co s5 Ådg3/Pt st Åd / IrMn s100 Åd /Pt s20 Åd multilayers with t=0 Å
sfilled circlesd and t=3 Å sopen circlesd. The data insbd shows the depen-
dence of the exchange bias fieldsfilled circlesd and the coercivitysopen
circlesd on the thickness of the Pt insertion layer.
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