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The main issue addressed in present study is exchange coupling modification between ferromagnetic layers
through non-magnetic spacer layers using extra ultra-thin ferromagnetic layers (Co). In order to achieve this goal

we prepared Cr(50 A) / Py(20

A) / Co(5 A) / Cr(7, 10, 13 A) / Co(5 A) / Py (30 A) / Cr(50A) / Si using

magnetron sputtering at UHV conditions and characterized by Ferromagnetic Resonance (FMR) technique. As
the present study results were compared to our previous study on (Py/Cr), the exchange coupling energy was

increased ten times with the cobalt thin layer
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1. Introduction

A magnetic multilayer structure is formed on a sub-
strate as a periodic recap of ferromagnetic and “non-
magnetic” spacer layers. The magnetic multilayer struc-
tures exhibit rich and varied magnetic properties not ob-
served from bulk material [1]. Especially after the discov-
ery of antiferromagnetic coupling (or ferromagnetic cou-
pling) between ferromagnetic layers over non-magnetic
spacer metal layers in magnetic multilayer [2]. These
coupling species and magnitude depend on the thickness
of non-magnetic layer and control the magneto resistance
of the multilayer system. Magnetic multilayer structures
gained importance after GMR and TMR effects were ob-
served in the late 1980s. After discovering GMR effect,
P. Griinberg and A. Fert won the Nobel Prize in Physics
in 2007.

Spin valve structures were developed with an addi-
tional antiferromagnetic (pinning) layer to observe GMR,
effect. It has brought enormous big technological impacts
especially for data storage, data writing and reading [3].

However, there are still some problems in technologi-
cal applications based on these effects. These problems
arise when the bit size gets smaller and smaller. We fo-
cused on one of the problems which is the signal-noise
ratio problem. In order to solve this problem, the large
resistance difference has to be observed between two mag-
netization orientations (two states) from magnetic mul-
tilayer film system [4]. In order to increase the resis-
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tance between them, we proposed a new structure shown
in Fig. 1. We claim that ultra-thin cobalt layer may
change magnetic anisotropy and increase the resistance
between two states. Besides, in order to obtain a signifi-
cant GMR effect, the exchange interactions between FM
layers through a NM metallic spacer must be antiferro-
magnetic [5].

2. Sample preparation

Samples were fabricated as Cr(50 A) / Py(20 A) /
g/cw 10, 13 A) / Co(5 A) / Py(30 A) /
Cr 50 on Si substrate by magnetron sputtering at
UHV condltlons All of the samples were subjected to
cleaning process and transferred into Ultra High Vacuum
(UHV) conditions to annealing up to 600°C for 30 min-
utes. For magnetron sputtering deposition, Ar process
gas was used for base pressure decreasing to lower one
while the growing process and it was controlled by mass
flow controller, MKS 1179A. During the sputter deposi-
tion process, Co, Py (NiggFes), and Cr targets of three
inches in diameter were used. Also, Quartz Crystal Mon-
itoring (QCM) thickness monitor was used to observe de-
position ratio in situ. The deposition rate of all materials
were done by X-ray Photoelectron Spectroscopy (XPS).
Sample thickness measured by QCM and photoemission
attenuations calculated by XPS were the same [6, 7].

3. Results

The ferromagnetic resonance (FMR) was used to in-
vestigate magnetic properties of samples. FMR is one of
the well-established and useful techniques [8-26] to in-
vestigate magnetic materials and to determine magnetic
properties, such as magnetic anisotropy, magnetic mo-
ment, magnetic damping, etc.
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Fig. 1. a) Sample structure to investigate ultra-thin
cobalt layer effecting on exchange coupling constant be-
tween ferromagnetic layers. b) Relative orientations of
the external DC magnetic field and magnetization vec-
tors with respect to the sample plane.

According to FMR results and theoretical models
which details are seen in elsewhere, permalloy layers have
in-plane magnetization in Py /Cr bilayers [5], as shown in
Fig. 2a.

On the other hand, wultrathin cobalt layers in
Py/Co/Cr bilayers (Fig. 2b) have out-of-plane magne-
tization. Because of this difference, the exchange cou-
pling constant (Aj2) changed from 0.010 erg/cm? to -
0.0320 erg/cm?as the Cr spacer layer thickness was 1 A.
The value was calculated from FMR data with mathe-
matical model.
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Fig. 2. a) The magnetic orientation of magnetic layers
are in Py/Cr system b) The magnetic orientation of
magnetic layers are in Py/Co/Cr system.

Figure 3 shows FMR data and the mathematical model
result for 10 A Cr. Ultra thin cobalt layer induced the
exchange coupling constant but did not change the inter-
action specie between ferromagnetic layers.

We think that this increment arises from the magnetic
orientation of cobalt layer and may play a very critical
role for technological applications. Besides this changing
for the exchange coupling, it increased saturation mag-
netization (Mg) and the perpendicular anisotropy field
(Hp). Their comparison with Py/Cr is given in Table I.

4. Conclusion

Consequently, the results were discussed for both 11 A
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Fig. 3. Ferromagnetic resonance spectrum taken from
10 A Cr fils at perpendicular geometry.
Comparing list of both with ultra-thin Co TABLE I
layer and without ultra-thin Co layer in
Py/Cr film systems (10 A Cr)
Py/Cr Py/Co/Cr
1°¢ Layer | 2"@ Layer | 1" Layer | 2" Layer
Type Py Py Py+Co Co+Py
Thickness | 20 A 30A | 20+5A | 5+30 A
Ms 600 G 600 G 775 G 785 G
Hp 350 G 350 G 3340 G 3340 G
Az -0.0100 erg/cm? -0.0320 erg/cm?

Cr spacer layers with ultra-thin cobalt layer and with-
out Cobalt layer, in our previous work. The interlayer
exchange coupling parameter increases more than three
times with respect to Py/Cr/Py structure when the sec-
ond ultra-thin cobalt FM layer deposited. The second
FM layer affects magnetic anisotropies of the film. The
exchange parameter between FM layers can be also con-
trolled by adding a second FM layer as Cobalt. This
control mechanism with Co layer indicates new research
and usage areas for sensor and data storage technologies.
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