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Magnetic properties of ferromagnetic/antiferromagnetic thin-lms structures for spin-valve applications have
been studied. Multilayer structures of Ta/Co/IrMn/Ta and Ta/FeNi/IrMn/Ta were deposited on Si substrate at
room temperature by DC magnetron sputtering. Thickness of the antiferromagnetic layer changed from 10 to 50 nm.
The coercive force was found to be non-monotonic function of the antiferromagnetic layer thickness. The exchange
bias for 3050 nm antiferromagnetic layers (73 Oe) is about 10 Oe larger than for 1020 nm antiferromagnetic
layers. Moreover, it was demonstrated that the alternative sequence of the deposition (antiferromagnetic layer on
the top or below the ferromagnetic layer) leads to dramatic changes of structures magnetic properties.
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the magnetic eld of 420 Oe was applied in plane of

1. Introduction

For further development of giant-magnetoresistance-

the substrate during the layer deposition.

The advan-

based magnetic-eld sensors, it is important to obtain ex-

tage of this method is the absence of interdiusion

change bias (EB) of a desirable magnitude together with

that takes place when the method of thermal anneal-

other important functional properties of the structures

ing with subsequent eld cooling is applied.

such as corrosion and thermal stability [1]. The knowl-

were

edge of the inuence of the properties of the ferromag-

ture,

netic (F) and antiferromagnetic (AF) layer materials on
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concerning the EB are also of a fundamental interest.
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One of such eects is the inuence of microstructure of

from

F- and AF-layers on EB [2]. In this case the main factors

by simultaneous co-deposition of Fe and Ni targets.

are texture and grain size of AF layer and roughness of

The deposition rates for each layer were evaluated by

F/AF interface. It was shown in [3, 4] that the order of

measuring the thickness of the calibrating layers using

F and AF layer deposition can dene these factors and,

the Rutherford backscattering.

consequently, aect the EB magnitude.

IrMn

target

The IrMn layers were deposited
while

NiFe

layers

were

obtained

The inuence

The alloy composition was also checked by X-ray en-

of the AF layer thickness on magnetic properties of sam-

ergy dispersive spectroscopy (XEDS) after the samples

ples has been studied in a number of works [5, 6]. Besides

deposition and it was Ni75 Fe25 and Ir30 Mn70 .

the thickness, there are many other factors which inu-

der to compare the magnetic properties and to nd

ence the magnetic properties.

the

This makes a prediction

optimal

parameters

of

the

structures,

the

In orsam-

of the EB magnitude for dierent materials and methods

ples, Si/Ta 30 nm/Co(or NiFe) 7 nm/Ta 30 nm and

of growth of the structure an ambiguous task, therefore

Si/Ta 30 nm/Co 7 nm/IrMn 15 nm/Ta 30 nm, were also

only experimental studies can give a reliable set of data.

deposited.

In this work the inuence of AF-layer thickness, as well

F-layer, i.e.

as the sequence of the F and AF layers deposition, was

tion.

experimentally studied for NiFe/IrMn structures.

The magnetic properties of structures were investi-

Experimental samples were obtained by DC magnetron

3 × 10

not pinned with AF by exchange interac-

gated by vibrating sample magnetometry (VSM) and

2. Experimental techniques

sputtering in argon at the pressure of

These structures demonstrate so-called free

−3

Torr.

In order to saturate magnetic moment of the AF-layer,

by angular distribution of the ferromagnetic resonance
(FMR) eld.
angle

Assuming the sample is aligned with an

θ between the unidirectional EB eld, which is par-

allel to the easy axis (EA) of the F-layer, and the FMR
external magnetic eld direction, then for

4πMs  Hr

the resonance peak position is governed by intrinsic res-
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onance eld

Hr0 = (ω/γ)2 /(4πMs )

of F-layer, bidirec-

tional uniaxial crystalline anisotropy eld

(555)

HK

and uni-
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HEB :
ω 2 /γ 2
Hr =
− HEB cos θ − HK cos 2θ.
4πM s

the magnetic eld applied in direction perpendicular to

directional anisotropy or EB eld

easy axis was signicantly lower than that of free layer:
(1)

Since the EA direction in our samples is set by the di-

3 Oe in case of TP-structure and 29 Oe in case of free
layer.

The BP-structure showed the EB up to 121 Oe,

is, in fact,

much higher than that in TP-structure. In line with EB,

the angle between the DC magnetic FMR eld direction

a larger coercivity was observed in the BP samples, equal

Hr0 ,

to 136 Oe along the easy axis and 72 Oe in perpendicu-

rection of the eld during the deposition,
and the direction of deposition eld.

HEB

and

HK

θ

Parameters

were calculated through theoretical tting

lar direction that is much higher than coercivity of TPstructure and the free F layer.

of FMR eld distribution by Eq. (1).
The surface properties of the samples were examined
by atomic force microscopy (AFM).
3. Experimental results and discussion

F-layers demonstrate dierent changes in the presence
of AF-layer.

Hysteresis loops, normalized to the max-

imum value of magnetic moment for each sample, are
shown in Fig. 1. The results of magnetic properties investigation of Co 7 nm/IrMn 15 nm, NiFe 7 nm/IrMn 15 nm
structures and of free F-layers with 7 nm thickness are

Fig. 2. Hysteresis loops for TP- and BP-structures:
(a) NiFe 7 nm/IrMn 15 nm and (b) IrMn 15 nm/NiFe
7 nm for easy axis and perpendicular to easy axis are
shown.

represented in Table.

The

AFM

structures
The

are

measurements
characterized

structures

Si/Ta(30

Si/Ta(30

nm)/IrMn(15

nm)

revealed
with

that

smoother

nm)/NiFe(7
were

also

BP-

surface.

nm)

examined

and
by

AFM in order to obtain information about underlying layer roughness that could be protable to make

Fig. 1. Hysteresis loops for free and pinned by IrMn
(a) Co and (b) NiFe layers.

some

conclusions

about

and BP-structures.

interface

roughness

in

TP-

The surface of these structures

was island-like with dierent roughness characteristics.
The surface of Si/Ta(30 nm)/NiFe(7 nm) structure is

TABLE
The results of investigations of magnetic properties of
pinned and free F-layers.
Hc HEB [Oe] HEB [Oe]
Sample
[Oe] (VSM)
(FMR)
Free Co
28


Free NiFe 17.5


Co/IrMn 24
12
14
NiFe/IrMn 9
95
85

characterized with roughness height of 2 nm, roughness
diameter of 50 nm and concentration of 100

1/µm2 .

In case of Si/Ta(30 nm)/IrMn(15 nm) structure the
interface roughness height was about 1 nm, roughness

Hro
[Oe]
596
750
533
747

HK
[Oe]
65
10
134
15

diameter was over 100 nm and roughness density was
85

1/µm2 .
The fact that EB magnitude is larger for BP- rather

than for TP-structures is surprising because earlier [7]
there was no EB observed for BP-structures with IrMn
AF-layer. This dierence is probably caused by the fact
that the dierent methods of layer deposition and AF-

EB magnitude in NiFe/IrMn bilayer is much greater

layer saturation were used.

It was shown [8] that the

than in Co/IrMn one that can be caused by higher coer-

presence and magnitude of magnetic eld applied dur-

civity of Co. Both free Co layer and Co/IrMn structure

ing layer deposition aects on EB that is most proba-

are characterized by high uniaxial anisotropy values. Low

bly caused by the changes in the F- and AF-layers tex-

values of intrinsic resonance eld indicate on high satura-

tures. When the layer deposition is carried out without

tion magnetization. Thus NiFe F-layer material is more

magnetic eld the F-layer surface is quite smooth that

perspective for future application and it was chosen for

makes the F/AF interface in TP-structures also smooth.

further AF layer thickness dependence investigations.

With appearance of magnetic eld during the layer depo-

The VSM curves for TP- and BP-structures are rep-

sition the F-layer surface becomes island-like that leads

The samples

to rough interface in TP-structures and correspondingly

magnetization was normalized to its saturation value.

lowers the EB magnitude. In work [9] it was also shown

At room temperature the TP-structure demonstrated EB

that the surface of BP- structures is smoother than that

of 85 Oe.

of TP- structures.

resented in Fig. 2a and b, respectively.

The coercivity of this structure in the easy

Our AFM investigations have also

axis direction was 9 Oe that is lower than coercivity of

shown dierent roughness of IrMn and NiFe underlying

free F-layer (17.5 Oe).

layers that leads to dierent interface roughness in TP-

The TP-sample coercivity with
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and BP-structures.
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That nally results in a dierent

combination of exchange bias and coercivity can be ob-

magnetic properties such as EB and coercivity. The fact

tained by a proper choice of AF and F order and thick-

that the dierence in roughness of underlying layers is

ness.

not very large signalizes that roughness is only one of

4. Conclusion

parameters that changes with inverse order of F- and

Using angular dependence of FMR and VSM tech-

AF-layers deposition. Other factors, like texture, grain

nique magnetic properties of F/AF thin-lms structures

size and AF-domain structure may also vary with change

for spin-valve applications have been studied with varia-

of F and AF deposition order. The inuence of IrMn tex-

tion of the AF layer thickness from 10 to 50 nm. The

ture and grain size on EB is still not clear. In work [10] it

was found to be non-monotonic function of the AF layer

was shown that strong (111) IrMn texture corresponds to

thickness. The EB for 3050 nm AF layers is about 10 Oe

higher EB. At the same time in [1] the inverse dependence

larger than for 1020 nm AF layers. It was found that the

of EB on (111) IrMn texture is reported. In work [11] it

alternative sequence of the deposition (AF layer on the

was shown that (111) IrMn texture aects EB more than

top or below the F layer) leads to dramatic changes of the

grain size, while in work [3] it was shown that grain size

magnetic properties of bilayer structures. To achieve the

plays a key role in dierence of EB in TP and BP struc-

maximum eect of the EB the optimal AF layer thick-

tures. The IrMn grain size dierence in BP and TP can

nesses were found to be 3050 nm.

be a reason for a large coercivity enhancement in BPstructure, seen in Fig. 2 [12].
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