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Stability enhancement of nanopillar structure for spin transfer magnetization
switching using IrMn buffer layer

J. C. Lee
Department of Physics, Inha University, Incheon 403-751, Korea and Advanced Metals Research Center,
Korea Institute of Science and Technology, Seoul 136-791, Korea

M. G. Chun and W. H. Park
Advanced Metals Research Center, Korea Institute of Science and Technology, Seoul 136-791, Korea

C.-Y. Youa�

Department of Physics, Inha University, Incheon 403-751, Korea

S.-B. Choe
Department of Physics, Seoul National University, Seoul 151-747, Korea

W. Y. Yung and K. Y. Kim
Advanced Metals Research Center, Korea Institute of Science and Technology, Seoul 136-791, Korea

�Presented on 2 November 2005; published online 26 April 2006�

We report here the effect of ultrathin IrMn buffer layer on the magnetic and spin transport properties
of spintronic structure for current-induced magnetization switching. The insertion of the ultrathin
��1 nm� IrMn buffer layer drastically enhanced the coercive field of the fixed ferromagnetic layer
from 36 to 215 Oe. Interestingly, the ultrathin IrMn buffer layer even enhanced the
magnetoresistance ratio about 30%, and consequently the spin polarization effect was enhanced by
reducing the critical current density of magnetization switching from 3.13�108 to 1.16
�108 A/cm2. © 2006 American Institute of Physics. �DOI: 10.1063/1.2175726�
I. INTRODUCTION

The stability of magnetization states in ferromagnetic/
nonmagnetic/ferromagnetic trilayered structures for spin de-
pendent applications, such as giant magnetoresistance and
magnetic tunneling junction, has been one of the crucial is-
sues in practical implementation of the applied technology.
In many applications, insertion of an antiferromagnetic layer
such as FeMn and IrMn provided the drastic enhancement of
coercive field of the fixed ferromagnetic layer via the ex-
change bias from the antiferromagnetic layer. However, it
has been reported that the thick antiferromagnetic layer may
caused a strong depolarization of the spin current by Jiang
et al.1 It thus undesirably inflates the critical current density
required for magnetization switching in the current-induced
magnetization switching technology.2–10 Therefore stabiliz-
ing mechanism for the fixed ferromagnetic layer is
scientifically challenging. Recently, we found that ultrathin
��1 nm� IrMn buffer layer enhanced the coercive field of
CoFe layer without degrading the spin polarization. In this
paper, we report the effect of the ultrathin IrMn buffer layer
on the magnetic and spin polarization properties of the nano-
fabricated pillar structure for the current-induced magnetiza-
tion switching.

II. SAMPLE PREPARATION AND EXPERIMENTAL
SETUP

To contradict the effect of ultrathin IrMn buffer layer, we
prepared two types of the multilayer films without an IrMn
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buffer layer �type I� and with an IrMn buffer layer �type II�.
The detailed multilayer structure was SiO2/Ta�5 nm� /
IrMn�1 nm� / CoFe�5 nm� / Cu�3 nm� /CoFe�1 nm� /NiFe�5
nm� /Ta�5 nm�. Care was taken to keep the same preparation
condition except the IrMn thickness. The layer structure was
deposited in an ultrahigh-vacuum sputtering system with a
base pressure of 8.0�10−9 Torr and the working pressures
of 1.0–7.0 mTorr of Ar �purity of 99.9999%� depending on
each particular layer. Deposition rate of each layer was kept
to 0.5–2.0 Å/s, controlled by the sputtering power and Ar
gas pressure. A bias magnetic field of 100 Oe was applied
along the film plane during the sputtering to induce a mag-
netic easy axis. The magnetoresistance and the magnetization
hysteresis were characterized by use of a dc four-point probe
technique and a vibrating sample magnetometry, respec-
tively, at ambient temperature. The film structure was char-
acterized by the x-ray diffraction technique using a Cu K�

source �RIGAKA Co.�, with the scanning over the angle be-
tween 20° and 80° with an interval of 0.02°.

The films were further processed to nanopillar structures
for the current-induced magnetization switching
experiment.11 The nanostructure was fabricated by a stencil-
mask technique. In the technique, the nanometer-sized pat-
terns �100�150 nm2� were defined by electron-beam lithog-
raphy, followed by an ion milling and wet etching process. A
150 nm platinum layer was used for the metal stencil. The
multilayer structure was deposited through the stencil on the
bottom electrode, and finally the top electrode was added.
Two types of the films were prepared without the IrMn
buffer layer �type III� and with the IrMn buffer layer �type

IV�. The detailed structures were CoFe�12 nm� /Cu�6 nm� /
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CoFe�3 nm� �type III� and Ta�5 nm� / IrMn�1 nm� /CoFe�6
nm� /Cu�6 nm� /CoFe�3 nm� �type IV�. A four-probe dc mea-
surement technique was applied to characterize the magne-
toresistance and the magnetization switching properties. The
magnetoresistance curves were measured by probing the
electric resistance with sweeping the magnetic field applied
along the film plane at ambient temperature. To avoid the
current-induced effect, the current was kept constant to
1 mA in the direction from the free layer to the fixed layer,
during the magnetoresistance measurement. The current-
induced magnetization switching properties were character-
ized by probing the magnetoresistance with sweeping the
electric current in the range of ±50 mA with a sweeping rate
of 1 mA/s. Here, the sign of injected currents was defined as
positive when current flowed from the free layer to the fixed
layer. A strong magnetic field larger than −2 kOe was ap-
plied to saturate the magnetization of a sample, and then a
bias magnetic field of the same polarity was kept during the
measurement. The bias magnetic field enhances the stability
of the antiparallel alignment.

III. RESULTS AND DISCUSSION

Figure 1 shows the magnetoresistance curves of the un-
structured type I and II samples. Both samples showed a
larger electric resistance for the antiparallel alignment. Type
II sample showed a magnetoresistance ratio �about 6.69%�
larger than that �about 5.14%� of type I sample. Figure 2
shows the magnetic hysteresis loops of the samples. Step-
wise behavior was ascribed to the different coercive fields of
the free and fixed magnetic layers—the inner step came from
the switching of the free magnetic layer and the outer came
from the fixed magnetic layer. The coercive field of the fixed
magnetic layer increased drastically from 36 to 215 Oe, by
insertion of the IrMn buffer layer, as intended.

A detailed characterization revealed that there was no
unidirectional shift of the hysteresis loop, even though there
was a drastic enhancement of the coercive field. The loop
shift has been an evidence of the exchange bias from the
antiferromagnetic buffer layer. To reveal the nature of the

FIG. 1. �Color online� Magnetoresistance curves of type I sample without
IrMn buffer layer and type II sample with IrMn buffer layer.
coercive field enhancement without exchange biasing, we
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characterized the crystalline texture of type II sample, in
comparison with another sample labeled as type II�. Type II�
sample had basically the same multilayer structure with type
II sample, except the inversed layering sequence, i.e., type
II� sample was SiO2/Ta/NiFe/CoFe/Cu/CoFe/ IrMn/Ta
while type II sample was SiO2/Ta/ IrMn/CoFe/Cu/
CoFe/NiFe/Ta. Each inversely corresponding layer had the
same thickness. Interestingly enough, type II� sample exhib-
ited a finite exchanged bias whereas type II sample showed
no exchange bias. An x-ray diffraction study revealed that
both the samples had the �111� growth orientation, as shown
in Fig. 3. However, type II sample showed almost disordered
growth phase with a weak �111� diffraction peak, whereas
type II� sample showed strong �111� diffraction peak. It was
ascribed to the fact that the Ta seed layer enhances the �111�
growth texture of NiFe layer.12,13 We thus conjecture that the
disordered phase of the ultrathin IrMn layer on the Ta seed
layer was the origin of nonexchange biasing of type II
sample. Further detailed characterization is beyond the scope
of this paper.

Most interesting feature of the ultrathin disordered IrMn
buffer layer was that it did not diffuse the spin polarization,
although the thick ordered IrMn antiferromagnetic layer may

FIG. 2. �Color online� Magnetization hysteresis curves of type I sample
without IrMn buffer layer and type II sample with IrMn buffer layer.

FIG. 3. �Color online� X-ray diffraction peaks of type II sample having no

exchange bias and type II� sample exhibiting a finite exchange bias.
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diffuse the spin polarization.1 The spin dependent phenom-
ena were thus unaffected irrespective to the existence of the
ultrathin disordered IrMn buffer layer. Figure 4 shows the
magnetoresistance curves of the nanopillar-structured type
III and IV samples. Due to the coercive field enhancement of
the fixed magnetic layer in type IV sample with the IrMn
buffer layer, one could enhance the stability of the fixed
magnetic layer during the current-induced switching of the
free magnetic layer. The coercive field enhancement would
further reduce the chaotic interference between the magneti-
zation of the free and the fixed magnetic layers under a spin
current.

The current-induced switching properties were charac-
terized via current versus resistance measurement, as shown
in the insets of Fig. 4. The magnitude of resistance jumps in
the current-induced switching curve matched to the magne-
toresistance ratio, which evidenced the switching of full
magnetic alignment of the free magnetic layer. A bias mag-
netic field of −100 Oe was applied to enhance the stability of
the antiparallel alignment. Due to the bias magnetic field, the
critical current for magnetization switching became asym-
metric: larger positive current IAP→P needed to induce anti-
parallel to parallel switching while smaller negative current

FIG. 4. �Color online� Magnetoresistance curves of �a� type III nanopillar
structure without IrMn buffer layer and �b� type IV nanopillar structure with
IrMn buffer layer. The inset shows the current-induced magnetization
switching curves.
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IP→AP needed to induced parallel to antiparallel switching.
The average critical current density was defined as JC

= ��IAP→P � + �IP→AP � � /2A, where A is junction area. The esti-
mated JC is 3.13�108 A/cm2 for type III sample and 1.16
�108 A/cm2 for type IV sample, respectively. The larger
critical current density is a common feature of the
CoFe-based trilayers, whereas smaller ones have been re-
ported in the Co-based structures.1,9,14 It is interesting to note
that the critical current density decreased even with an inser-
tion of the IrMn buffer layer, which implied that the ultrathin
disordered IrMn buffer layer exhibited no spin diffusion. The
physical origin of reduction of critical current density is not
yet clear, but one of the possible scenarios is a geometrical
effect. The utlrathin disordered IrMn layer has an island for-
mation, so that it generates nonuniform current distribution.
It causes strong local current density in some area and re-
duces the overall switching current.

IV. CONCLUSION

The magnetic and the spin polarization properties of the
trilayered nanospintronic structure were characterized with
respect to the insertion of ultrathin IrMn buffer layer. The
ultrathin IrMn buffer layer enhanced the coercive field of the
fixed magnetic layer, without increasing the critical current
for magnetization switching. The IrMn buffer layer thus
meets the two indispensable requirements of stability en-
hancement without degrading the spin polarization.
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