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The influence of temperature and annealing on giant magnetoresistance
of Si(100)/Cu(20 nm)/Py(2 nm)/(Cu(2 nm)/Py(2 nm)) 100 multilayer (Py =
Ni83 Fe17 ) sputtered at room temperature in double face-to-face configuration
is reported. It was found that giant magnetoresistance value, ΔRGΜR/Rsat
(where Rsat is the resistance in saturation), monotonically decreases with
increasing temperature (4.5% at 173 K to about 1% at 373 K). This re-
sults from the decrease in magnetic change of resistance, ΔRGMR, and to
the lesser extent from an increase in Rsat, though both of them are caused
by the shortening of electrons mean free path. The observed almost linear
decrease in giant magnetoresistance saturation field with increasing tempera-
ture is explained by temperature changes of magnetization profile. Vibrating
sample magnetometer measurements revealed that the increase in tempera-
ture results in pronounced decrease in remnant to saturation magnetization
ratio (M * /bs ) suggesting that at low temperatures magnetic bridges be-
tween Py layers play an important role in magnetization process. It is shown
that proper annealing, by an annihilation of bridges and/or lateral decou-
pling, leads to an increase in giant magnetoresistance ratio from 3.4% in as
deposited state to 4.7%.

PACS numbers: 75.70.Ak, 75.70.Ρa

The discovery of giant magnetoresistance (GMR) in multilayered struc-
tures consisting of ferromagnetic layers separated by non-magnetic, conducting
spacer has resulted in recent decade in materials that show considerable change of
electrical resistance upon the application of weak magnetic field [1]. It is now
relatively easy to produce systems exhibiting GMR field sensitivity exceeding
0.5%/Oe [2, 3]. The emphasis has shifted therefore to technological aspects, like
for example thermal stability of GMR systems which is necessary if they are to
survive today's processing techniques required in microelectronics [4]. It turns
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out that Py(= Ni83Fe17)/Cu multilayers are very suitable for obtaining high
field sensitivities [5]. The reason is that a weak magnetic anisotropy of Py is
accompanied by a relatively weak interlayer exchange coupling [1]. In this pa-
per we present the analysis of the influence of temperature and annealing on
the GMR effect in Si(100)/Cu(20 nm)/Py(2 nm)/(Cu(2 nm)/Py(2 nm))100 multi-
layer obtained by double face-to-face sputtering [6]. GMR ratio, defined as GMR
= 100% x (Rmax — Rmin)/Rmin [1] was measured with DC four-point method.
The magnetization reversal processes were examined with vibrating sample mag-
netometer (VSM). The changes in the interface structure were investigated by
conversion electron Mössbauer spectroscopy (CEMS) measurements performed at
room temperature. He-6%CH4 gas flow electron counter was used.

Fig. 1. Exemplary room temperature GMR(Η) dependence obtained for the
as-deposited sample with magnetic field and sensing current parallel to the easy axis
direction.

An example of the GMR(Η) dependence is shown in Fig. 1. Figure 2 col-
lects the GMR data obtained from temperature measurements of the as-deposited
sample. It can be seen that although there is a considerable increase in resistance
in saturation (Rsat = Rmin) with increasing temperature it is the decrease in mag-
netic change of resistance ΔRGΜR, i.e. Rmax — Rmin, which is the main cause of
GMR ratio decrease. Physically, both of the observed dependencies come from
the temperature driven decrease in electron mean free path on which GMR ratio
directly depends [7]. It was shown previously that the GMR ratio in our samples
scales proportionally with a fraction of antiferromagnetically (AF) coupled regions
FAF = (1—Μ r/Μs ) (Μr and Ms are remanence and saturation magnetization) [5].
VSM measurements indicate that the decrease in the GMR value is not due to tem-
perature dependence of FAF since in the as-deposited sample it does not change
much within the investigated temperature range. Considerable and almost linear
decrease in GMR effect saturation field Ηs with increasing temperature (see the
insert in Fig. 2) is probably due to temperature dependence of magnetization pro-
file in direction normal to Py/Cu interface which in turn can result in a decrease
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in an effective coupling energy [8]. It can also be argued that Ηs changes because
the effective thickness of non-magnetic spacer changes with temperature. In that
case it would be a mixing at interfaces and consequent position dependence of
a local Curie temperature that would cause outer monolayers of Py sublayers to
loose magnetic moment at elevated temperature. In view of a strong dependence
of GMR saturation field value in AF-coupled multilayers on spacer thickness [9] it
should result in decrease (or increase) in Η. The first mechanism discussed seems
however more probable since previous investigations indicate that the nominal Cu
sublayer thickness for which local Ηs maximum is observed change8 with tempera-
ture much less than the thickness of magnetically inactive part of Py sublayers [10].

Fig. 2. Magnetoresistance ratio (solid circles), saturation resistance (open circles), re-
sistance change ΔRGΜR (triangles) and saturation field (insert) of Si(100)/Cu(20 nm)/
Py(2 nm)/(Cu(2 nm)/Py(2 nm))l00 multilayer as a function of temperature. Magnetic
field applied parallel to easy axis direction.

The series of 2 hour isothermal annealings resulted in a considerable in-
crease in GMR ratio (Fig. 3). It is caused mainly by the increase in the FAF ratio
as indicated by approximately linear dependence of ΔRGΜR on FAF (see insert).
Annealing led also to a 15% decrease in base resistance Re and its influence on
GMR ratio was comparable with that of increased FAF. Two basic mechanisms
can be responsible for the increase in FAF ratio. The first consists in Cu atoms
diffusing into magnetic bridges that connect Py sublayers and couple them fer-
romagnetically. This could lead to the lowering of the local ΤC, annihilation of
bridges and consequent increase in FAF. The second mechanism could be the dif-
fusion driven break up of Py sublayers into discontinuous layers. In such case each
bridge couples pancake-like Py granules and the area of its influence within the
magnetic sublayer is limited. It is the so-called lateral decoupling. Complementary
CEMS measurements provided no evidence for any significant changes in the mi-
crostructure of Py/Cu interface in the course of thermal treatment. They excluded
specifically the possibility of any significant volume changes in multilayer struc-
ture (e.g. Fe atoms moving from bulk to interface sites). They did not exclude
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however the possibility of some grain boundary diffusion which could lead to the
annihilation of bridges. Hyperfine field values obtained were typical of permalloy
(24.5 T).

Fig. 3. Magnetoresistance ratio versus temperature for Si(100)/Cu(20 nm)/Py(2 nm)/
(Cu(2 nm)/Ρy(2 nm))l00 multilayer after subsequent stages of thermal treatment (see
legend). Insert: ΔRGΜR(FΑF) dependence for three stages of thermal treatment.

In conclusion, our results have shown a relatively good thermal stability of
GMR effect in Py/Cu multilayers from the second AF-region (tC u = 2 nm). It was
also shown that changes in the GMR ratio brought about by annealing are mainly
caused by the consequent decrease in the effectiveness of the magnetic bridges
connecting neighbouring permalloy layers.
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