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Abstract: The NiCoFe/Cu/NiCoFe sandwiches were grown onto Si (111) substrate by dc-opposed target magnetron 
sputtering (dc-OTMS) technique. The growth parameters are: temperature 100 0C, applied voltage 600 volt, flow rate of 
Ar gas 100 sccm, and growth pressure 5.2 x10-1 Torr. The effects of Cu layer thickness on giant magnetoresistance (GMR) 
property of NiCoFe/Cu/NiCoFe sandwich were studied. We have found that the giant magnetoresistance (GMR) ratio is
varied depend on the non-magnetic (Cu) layer thickness. The variation of Cu layer thickness of NiCoFe/Cu/NiCoFe 
sandwich presents an oscillatory behavior of GMR ratio. This oscillation reflects the exchange coupling oscillations 
between ferromagnetic and antiferromagnetic states, which are caused by an oscillation in the sign of the interlayer 
exchange coupling between ferromagnetic layers.  
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1. INTRODUCTION 
 
Giant magnetoresistance (GMR) materials have huge 

magnetoresistance and other magnetic and electrical 
properties. The GMR materials have magnetoresistance 
ratio twice to thirty times larger than anisotropic 
magnetoresistance (AMR) materials such as permalloy, 
which typically changing its resistance in advance. The 
magnetic and electrical properties of GMR materials 
can be varied over very wide ranges. This makes 
possibilities to use GMR materials for wide variety of 
sensor applications, and also for devices that are derived 
from GMR materials. Giant magnetoresistance (GMR) 
was first observed in France in 1988 [1]. Currently, this 
technology offers a unique set of sensor characteristics 
that include high sensitivity, good temperature stability 
from –55 0C to over 150 0C, and excellent linearity over 
a wide dynamic range. 

GMR can be qualitatively understood using the Mott 
model [2], which was introduced in the beginning 1936. 
The model explains sudden increase of resistivity of the 
ferromagnetic metals as they are heated above the Curie 
temperature. Mott proposed two main points for that 
issue. Firstly, the electrical conductivity in metals can 
be described in terms of two largely independent 
conducting channels, corresponding to the up-spin and 
down-spin electrons, which are distinguished according 
to the projection of their spins along the quantization 
axis. The probability of spin-flip scattering processes in 
metals is normally small compared to the probability of 
the scattering processes in which the spin is conserved. 
This means that the spin-up and spin-down electrons do 
not mix over long distances, such that the electrical 
conduction occurs in parallel for the two spin channels. 
Second, in ferromagnetic metals the scattering rates of 

the up-spin and down-spin electrons are quite different, 
whatever the nature of the scattering centers is. 
According to Mott, the electric current is primarily 
carried by electrons from the valence sp bands due to 
their low effective mass and high mobility. The d bands 
play an important role in providing final states of the 
scattering of the sp electrons. In ferromagnetism the d 
bands are exchange-split, so that the density of states 
(DOS) does not equal for the up-spin and down-spin 
electrons at the Fermi energy. The probability of 
scattering into these states is proportional to their 
density. The scattering rates are spin dependent, which 
means the scattering is different for two conduction 
channels.  

In the usual case of transition metal as ferromagnetic 
(FM) layer, the thickness of the spacer is chosen in 
order to magnetically decouple the magnetic layers (i.e. 
thickness larger than a few atomic planes to break the 
direct coupling exchange path, and to prevent indirect 
coupling). The transport across the spacer must 
conserve the spin information, thus the spacer thickness 
must be kept thinner than a few mean free paths 
(current-in-plane CIP-GMR) or spin diffusion lengths 
(current-perpendicular to-plane CPP-GMR). 

The study of GMR effect is very important for the 
development of science and technology for future 
device applications, and further research efforts have 
been made to better understand the fundamental 
mechanism of the spin-transport phenomena. 

  
2. EXPERIMENTAL 

 
NiCoFe/Cu/NiCoFe sandwich were grown onto Si 

(111) substrate by opposed target magnetron sputtering 
(OTMS) technique. The sputtering targets were NiCoFe 
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and Cu. The NiCoFe target was prepared by solid 
reaction method with molar ratio Ni:Co:Fe = 60:30:10. 
Raw material for producing NiCoFe target consists of 
99.90% nickel powder, 99.99% cobalt powder and 
99.99% iron powder. The Cu target also had been made 
by solid reaction from 99.50% copper powder. 

Samples of the NiCoFe/Cu/NiCoFe sandwich were 
deposited in several different time of growth, so that 
they had different thickness of sandwich layers. Other 
deposition parameters are fixed. This parameters are: 
flow rate of Ar gas is about 100 sccm, the growth 
pressure is 5.2 x10-1 Torr, dc Voltage is 600 volt, and the 
temperature is 1000C. The samples were characterized 
using SEM (Scanning Electron Microscope) type JEOL 
JSM-6360 LA, EDAX (Energy Dispersive Analysis by 
X-Ray Diffraction), and magnetoresistance 
measurements were made using a linear four-point 
probe method with current-perpendicular to-plane. 

 
3. RESULT AND DISCUSSION 

 
From previous work [3], we found that growth time 

influence the thin film thickness. The increase of growth 
time increases the atoms which patched on the substrate. 
The selected sample of NiCoFe/Cu/NiCoFe sandwich 
had characteristic of surface structure as shown in SEM 
image in Fig. 1. 

 
Fig. 1. SEM image for NiCoFe/Cu/NiCoFe sandwich 
with tCu = 14.4 nm 
 

Fig. 2 shows X-ray diffraction spectra for 
NiCoFe/Cu/NiCoFe sandwich at tCu = 14.4 nm, 24.0 nm 
and 48.0 nm. It shows that intensity of the peak of film 
decreases with increasing tCu.  

 
Fig. 2. X-ray diffraction spectra for NiCoFe/Cu/NiCoFe 
sandwich. 

 

The GMR ratio is calculated by using definition, 
GMR ratio (%) = {(RH – R0)/R0}x100%, where RH is 
the resistance in presence of magnetic field and R0 is the 
resistance in absence of magnetic field. Fig. 3 shows the 
GMR ratio curves for NiCoFe/Cu/NiCoFe sandwich 
with various Cu layer thickness (tCu) and fixed NiCoFe 
layer thickness (tNiCoFe = 38.5 nm) at room temperature. 
The decrease in MR change with increasing tCu can be 
explained using the series-resistor model of Valet-Fert 
model under the long spin diffusion approximation [4]. 

  

 
Fig. 3. GMR ratio curves at room temperature for 
sandwich NiCoFe (62.5 nm)/Cu (tCu) /NiCoFe (62.5 
nm). 
 

Fig. 3 also shows that the saturation field of GMR 
curves decrease with increasing tCu. This observation is 
probably due to a reduced dipole-dipole interaction 
between NiCoFe layers. 
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Fig. 4. Variation of magnitude of GMR ratio versus Cu 
layer thickness. The dotted line shows the decay of 
GMR ratio with increasing of Cu layer thickness. 

 
Fig. 4 shows variation of magnitude of GMR ratio 

versus Cu layers thickness. Their general appearance is 
a classical behavior of MR evolution with magnetic 
field that has been observed in many multilayers [4,5,6] 
based on ferromagnetic transition metal and a non 
magnetic layers.     

Mtalsi, et.al [5] also obtain the MR variation versus 
Cu layer thickness for Ni80Fe20/Cu multilayer presents 
an oscillatory behavior. The oscillation reflects the 
exchange coupling oscillations between ferromagnetic 
and antiferromagnetic states. This oscillation is caused 
by an oscillation in the sign of the interlayer exchange 
coupling between ferromagnetic layers [6].  

The dependence of GMR value on the non-magnetic 
layer thickness in magnetic multilayer and spin valves 
qualitatively ascribed to two factors [7], ie: (i) With 
increasing spacer thickness the probability of scattering 
increases as the conduction electrons traverse the spacer 
layer, which reduces the flow of electrons between the 
ferromagnetic layers and consequently reduces GMR. 
(ii) The increasing thickness of the nonmagnetic layer 
enhances the shunting current within the spacer, which 
also reduces GMR. These two contributions to GMR 
can be phenomenological described by the following 
expression: 

 
   (1) 

 
 
The parameter lNM is related to the mean free path of the 
conduction electrons in the spacer layer, dNM  is spacer 
layer thickness. The parameter d0 is an effective 
thickness, and ( R/R)0 is a normalization coefficient. 

The decay in GMR value with increasing Cu 
thickness can be described approximately by [8]: 

 
        (2) 

 
where tCu is the Cu thickness and Cu describes the 
scattering within the Cu layer interior. 
 
 

4. CONCLUSION 
 

The NiCoFe/Cu/NiCoFe sandwich was successful 
grown onto Si (111) substrates by opposed target 
magnetron sputtering. With this structure of material, 
we have successful to make material composition that 
has GMR ratio between 18% until 66%. The Cu layer 
thickness influences the GMR ratio with oscillatory 
behavior.  The GMR ratio oscillates with increase of 
non magnetic (Cu) layer thickness.  
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