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Present results of studies of the phase composition, microstructure and magnetoresistive properties of
three-layer film Fe/ Pt/ Fe (total concentration of platinum atoms cp < 20 at. %) and multilayers based on Fe
and Pt (20 < cp; < 33 at. %), where possible formation diluted s.s. of Pt atoms in «-Fe layers and phase FesPt
based on Pt island, in non-annealed and annealed to 800 K states. Analysis of the results combined with litera-
ture data suggests that the phase composition of the magnetic grains did not significantly affect the efficiency

of spin-dependent electron scattering.
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1. INTRODUCTION

The great interest to the study the properties of film
from Fe and Pt related to the fact that they have ob-
served a number of phenomena that are of interest both
from basic and practical points of view.

In particular, they stabilize disordered state (FCC lat-
tice Fe:Pti_x) or at increased temperatures an ordered
state (FCT phase L1o). This phenomenon is observed both
in the solid film samples [1-8], and in monoatomic multi-
layers in which FePt layer has a thickness d ~1-10 nm
[9], ultrathin FePt island films with an effective thick-
ness d = 1-10 nm [ 10], thin films of FePt (d = 10 nm) [11],
granular films FePt, deposited in SiOz matrix granules
with a diameter of 5.1 nm [ 12] and 6.7 nm [ 13] or Al2O3
matrix with a diameter of at least 7 nm [ 14]. In the last
work observed that FePt grains with a diameter of less
than 4 nm are ordering process was observed. In addi-
tion, the number of papers (see, for example, [1]) observed
that nanoparticles (NP) FePt (as FeCo) with FCT lattice
with large energy magnetocrystalline anisotropy, the
coercive force, saturation magnetization and corrosion
resistance and weakly interact. But the property func-
tional NP for L1o phase should be considered their rela-
tively high barrier transition in supermagnet state at the
small sizes NP (less than 4 nm). This allows the use them
for create media with high-density magnetic recording.
Note that Llo is ordered phase is formed at annealing
disordered solid solution (s.s.) based on the FCC-Fe (at
low concentrations of Pt atoms) or based on the FCC-Pt
(at low concentrations of Fe atoms).

In the phase diagram of the bulk binary alloy Fe-Pt
(see, for example, [2]) indicated field stabilization phase
FesPt; ordered phase FePt, which is stabilized in thin
films at temperatures 7'> 820 K [1]; FePts; disordered
FCC s.s. (3Fe, Pt) and at low concentrations of Pt atoms
(up to 15 at. %) phases s.s. (a-Fe) and region of stabiliza-
tion s.s. (-Fe, Pt) + s.s. (o-Fe).

Summarizing the literature data, we can conclude a
significant impact process ordering and atoms concentra-
tion on the magnetic properties of the Fe-Pt alloys, which
we will take into account when interpreting the results.
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Since the structural and physical properties of the
phases FesPt, FePt, FePts and s.s. (-Fe, Pt) are studied
to a large extent, the aim of our research can be summa-
rized as follows: the study of magnetoresistive properties
of three-layer film systems based on Fe and Pt atoms at a
total concentration of Pt atoms 20 at. %. In non-annealed
and annealed to 800 K states (see fragment of phase
diagram on Fig. 1). In some cases we studied film sam-
ples as multilayers [Fe(3-5 nm) / Pt(3-5 nm) / Fe(3-5 nm)]s
(total concentration of Pt atoms to 33 at. %), which may
form the phase FesPt.

2. EXPERIMENTAL METHODIC

Forming film of Fe(30) / Pt(3-20) / Fe(30) / S and mul-
tilayers (S — thin films of carbon and microscopic and
diffraction research or pyroceram plates to mea-sure
electrical resistance) was performed in a vacuum ~ 10~ 3-
10-4Pa at a condensation rate ® =1-1,6 nm/s by simul-
taneous deposition of Fe and Pt layers.
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Fig. 1- A fragment of the phase diagram system Fe-Pt [2]. The
dotted line is region of stabilization diluted s.s. of Pt atoms in a-
Fe and phase FesPt

As the thickness was controlled by quartz crystal, it
provided high accuracy (=1 nm) determination of the
effective thickness of the individual layers. The total
thickness of the samples was monitored after addition
of condensation by interferometry.

Knowing the thickness of the layers, it is possible to
calculate the concentration of the separate components:
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¢ = l?ildi/u;l 1 (1)
Dy dp 1t + Dpdp, i,

where i =1, 2; D and x4 — density and molar mass of Fe
or Pt.

Additionally, the concentration of elements also
controlled by energy dispersive analysis using scanning
electron microscope SEM-103 («Selmi», Ukraine).

Investigation of phase composition and crystal
structure of film samples based on Fe and Pt were car-
ried out at the room temperature in the initial state
and after annealing 7Tun <800 K using electron micro-
scope TEM-125K («Selmi», Ukraine).

Magnetoresistive properties of samples were stud-
ied at T'= 300 K using four-point circuits in a constant
magnetic field in three geometries measure: longitudi-
nal, transverse and perpendicular (Fig. 2).
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Fig. 2 - Geometry measurement of MR: a — perpendicular (L);
b — transverse (-I-); ¢ - longitudinal (||) geometry

Magnetoresistance value was calculated based on
the ratio:

. BB - RO) @
R(0)

where R(B) and R(0) — sample resistance on magnetic

field and without it, accordingly.

The magnetic field was created electromagnets, the
maximum value of the magnetic induction (B) was
450 mT and magnetoresistance measurements carried
out automatically.

3. PHASE COMPOSITION

Electron diffraction research study found that in the
process of condensation at the substrate temperature
T» = 300-350 K produced diluted BCC s.s. (a-Fe) with
lattice parameters a = 0,29 nm. In this case the electron
diffraction pattern from all the samples observed weak
line (111) Pt ( Fig. 3a), while for electron diffraction
pattern from the sample annealed to 800 K, kept the
system lines s.s. (a-Fe) and there are additional lines
that match the phase FesPt (Fig. 3b), and the lines of
the FCC-Pt is not observed. This means that some Pt
atoms forms s.s. (a-Fe) based on Fe layer, and some —
phase FesPt based on Pt islands. According to [15] the
formation of this phase is due to the eutectoid reaction
at the temperature Tun = 800 K. By increasing the total
concentration of Pt atoms to 33 at. % (in our case — the
transition to multilayers [Fe(d) / Pt(d) / Fe(d)]s / S) can
form the phase composition of granules close up phase
FesPt. Electron microscopic studies indicate that in this
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case, condensate Pt layer was island character at the
dpt < 10 nm (average size of islands to 20 nm), which is
three-layered systems Fe / Pt/ Fe /S can be considered
(modeled) as a granular alloy film. By increasing the
effective thickness of the Pt film of 10 to 20 nm, it be-
comes almost structurally continuous with islands up
to 60 nm. At the same time, according to data [16], the
film during annealing of Fe(20) / Pt (20) (total concen-
tration of atoms Pt — 50 at. %) to 800 K is formed gran-
ular alloy based on a-Fe and nanoparticles and that
have a phase structure that meets FexPti_. with the
lattice parameters a = 0,38 nm, which agrees well with
the value of the parameter FesPt.

The peculiarity of the phase formation in this case
is that in a controlled inlet oxygen granules Fe,Pt:_x
shell covered with antiferromagnetic oxide p-Fez20s3,
allowing control of the magnetic properties of granular
alloy. In our case, as the authors [16], the as deposition
structure and mode of annealing samples were similar,
but at the annealing in conditions of residual atmos-
phere (pressure 10-4 Pa) oxides formation was ob-
served by us, which can be qualitatively show and rela-
tively small size resistivity samples — 2:10-7 Ohm'm.

4. MAGNETORESISTIVE PROPERTIES

On Fig. 4, 5 represent typical field dependence of the
magnetoresistance for non-annealing and annealed to
800 K three-layer film systems. Note that the appear-
ance of a sharp curve at the minimum and maximum
on the demagnetization curve of magnetization associ-
ated with residual magnetization and coercive field of
small value. Magnetoresistance hysteresis loop for the
film systems which have been annealed at all three
measurement geometries indicate the presence of GMR
effect of relatively small amplitude (up 0,035 %). The
observation of this effect this we connect with spin-
dependent scattering of electrons on the grains of the
alloy, formed from the islands Pt, a relatively small
number of them and causing small amplitude effect.
With the gradual increase of the effective layer thick-
ness dpt amplitude increases almost no effect, while
drt = 15-20 nm, the effect of GMR transition into aniso-
tropic magnetoresistance (AMR). This effect is well
known, lot of times discussed in the literature and its
essence consists in the fact that at a certain thickness
of the nonferromagnetic layer disappears antiferro-
magnetic interaction (condition of realization GMR)
between the magnetic moments of the lower and upper
Fe layers. Note also that there is also some minimum
effective thickness (about 1 nm) nonferromagnetic lay-
er, which is implemented by another ferromagnetic
interaction (condition for existence AMR).

In annealed to 800 K three-layer film systems
Fe(30) / Pt(d) / Fe(30) / S effect GMR more distinctly
and with large value of amplitude (Fig. 4 and Fig. 5).
For multilayers in which the total concentration
cprt = 33 at. %, depending on Fig. 6 and Fig. 7 illustrate
the effect of GMR, the maximum value of which in the
transverse geometry measurement reaches a value of
0,3 %. Anisotropy effects in annealed multilayers
AMR =-0,25% ([Fe(3)/Pt(3)/Fe(3)]s/S) and —1,20
([Fe(5) / Pt(5) / Fe(5)]s / S).
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Fig. 3 — Electron diffraction pattern from film system Fe(30) / Pt(15) / Fe(30) / S: a — non-annealing state (phase s.s.(a-Fe)); b —
after annealing to 800K (phase s.s. (a-Fe) + FesPt). Total concentration cp = 20 at. %
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Fig. 4 — The dependence MR versus magnetic field induction for non-annealing film system Fe(30) / Pt(3) / Fe(30) / S: 1 — magne-
tization, 2 — demagnetization; L, -|-, || - perpendicular (a), transverse (b) and longitudinal (c) geometry measurement of resistance.

Temperature of measurement 7= 300 K
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Fig. 5 — The dependence MR versus magnetic field induction for annealing from 800 K film system Fe(30) / Pt(3) / Fe(30) / S (a-c) and
Fe(30) / Pt(15) / Fe(30) / S (d-f): 1 — magnetization, 2 — demagnetization; L, -|-, || = perpendicular (a), transverse (b) 1 longitudinal (c)
geometry measurement of resistance. Temperature of measurement 7'= 300 K

We were made to compare the results with the
known literature data. So the authors [17] observed
effect size of GMR to 0,2% in the films Fe.Pti—x
(0,4 <x<0,6) of the L1o phase, which were obtained by
ion sputtering in Ar atmosphere at substrate tempera-
tures of 340 and 770 K, thicknesses in the range 100-

300 nm in longitudinal and perpendicular geometry
measurement. Note also that although the concentra-
tion composition three-layer films in our case, does not
match the structure of Llo, but magnetoresistive prop-
erties are similar to data of paper [17].
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This gives reason to believe that the efficiency of
spin-dependent electron scattering is independent of
the phase composition of the magnetic granules.

In work [18] investigated the effect of GMR in elec-
trolytically deposited films FePts in perpendicular and
longitudinal geometry. The nature of the magnetoresis-
tive dependence is fully consistent shown in Fig. 5, but
the value of GMR is 11 %. We believe a great value
GMR is due to the method of calculation of MR [18] on

the ratio MR:[R(B)—R(BS)]/R(BS), where Bs —

saturation field, whose value in experiments [18] is
very small. Obviously, using the ratio (2) the value of
MR would have less value.

Since our samples stabilized quasigranular state, it
is advisable to compare our results with data for granu-
lar FePt films in the carbon matrix [19] or multilayers
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[FessPta7 (3,6) / Ag(10)]./ S [20].

Depending on the conditions for obtaining samples
of the authors [19] observed value of GMR from 0,24 to
6,0 %, while in multilayers [20] depleted the concentra-
tion of phase Llo value MR=0,3% even at the
T= 185 K. Author [21] also presents the results accord-
ing to which in multilayers [Fe(0,2) / Pt(0,2)]»./ S phase
L1o is stabilized and implemented relatively small size
of GMR, because even at T=11 K it value of not more
than 0,8 %.

In several papers (see, for example, [17, 18]) is an
attempt to explain the existence and cause of the rela-
tively small size of GMR in granular thin film materi-
als based on Fe and Pt. Likely reasons for this phenom-
enon may be that partially compensate for the spin-
dependent scattering of electrons:
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Fig. 6 — The dependence MR versus magnetic field induction for non-annealing (a-c) and annealing from 800 K (d-f) film system

[Fe(3) / Pt(3) / Fe(3)]s / S. Temperature of measurement 7'= 300 K
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Fig. 7 - The dependence MR versus magnetic field induction for non-annealing (a-c) and annealing from 800 K (d-f) film system

[Fe(5) / Pt(5)Fe(5)]s / S. Temperature of measurement 7'= 300 K
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— realization of the anomalous Hall effect in the meas-
urement of MR;

— electron scattering on domain walls in Fe layers;

— magnetic interactions between grains FesPt1_«;

— uniaxial magnetocrystalline anisotropy in Fe layers,
which causes strong spin-orbit coupling in atoms and
Pt hybridization and polarization d-zone of Pt and Fe
atoms, respectively.
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