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The results of studying the concentration and temperature conditions of the phases L1lo, .11 and L12
formation in two-layer film systems based on Fe or Co and Pt or Pd after annealing up to 850 K are pre-
sented. The electrophysical properties of granular alloys (g.a.) such as resistivity and thermal coefficient of
resistance (TCR) were compared with the calculated values in the phenomenological model of electrophysi-

cal properties of granular alloys. The obtained results made it possible to calculate the predicted changes
in the TCR of granular alloys in a perpendicular magnetic field with induction 200 mT. The estimated val-

ues AB=p% - B>
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1. INTRODUCTION

With the discovery of a giant magnetoresistive ef-
fect, interest in nanosize film materials and, in particu-
lar, the so-called granular alloys (g.a.) as perspective
media for superdense magnetic recording of information
and spintronics elements, has increased significantly
[1]. In work [2], a film system based on nonmagnetic
and magnetic components is modeled as a layered
structure based on a granular film solid solution (s.s.).
This approach allows the sample to be considered as a
parallel connection of the individual layers and the
layer itself as a parallel connection of n current tubes.
Each current tube represents a series connection of s.s.
fragments with average size of Alss and ferromagnet
granules with radius ro. The ratio for TCR () of g.a. in
the framework of the proposed model is:
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where fBg is the TCR of g.a.; a= Alss/ro is the degree of
the sample granularity; p; and pss are the resistivity of
granule material and s.s.; S and fBs are the TCR of
granule and s.s. respectively.

In work [2], a theoretical analysis of relation (1) was
performed depending on the degree of sample granular-
ity and its limited expressions were recorded for three
cases: a>>1, a<< 1, and a = 1. The testing of this mod-
el was made on the example of two-layer Ag/Co/S (S is
the substrate) film systems, in which the granular state
stabilizes after annealing up to 700 K.

In the practical use of g.a., the question of the TCR
field stability of samples remains important. In this
connection, a phenomenological model was proposed in
[3] to describe qualitatively the dependencies
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versus parameter . We emphasize that the comparison

&, with estimated value

of the experimental value
Lo is due to the fact that experimental determination

of Bi. is practically impossible, since once a s.s. is

formed there will already be a certain concentration of
granules in it. In work [3], using the example of granu-
lar film alloys based on Co and Ag, the three limiting
cases mentioned above were analyzed and it was found
that, in accordance with the change of Alss, the depend-
ence of ABs — magnetic coefficient of TCR — versus « has
a different character.

In particular, it was found that the value of Afs in
all three cases varies within (0.02-0.10) T-1, but the
functional dependence of Afs versus Alss has a different
character: at large values of « it monotonically decreas-
es, and at small values of « — it increases, while at a=1
the value of Afs is at the level 0.10 T-1.

The purpose of this work can be formulated as fol-
lows: an experimental study of the electrophysical prop-
erties of film materials based on Fe or Co and Pd or Pt
under the action of temperature or temperature and
magnetic field.

2. METHODS AND EXPERIMENTAL
TECHNIQUES

The choice of components for granular film alloy for-
mation is due to the fact that in the film systems based
on ferromagnetic (Fe, Co) and noble (Ag, Au, Pt, Pd) met-
als, the s.s. of the magnetic component in the fcc lattice of
noble metals is stabilized. Solid solutions based on Fe or
Co and Ag or Au and «-Fe or Co granules are disordered
(see, for example, [4]), and in the case of Fe and Au film
systems [5], granules have the ordered phase Llo (fct
FeAu), L11 (phases FeAus) or L1z (phases FesAu). Given
the results [5-7], we have formed film alloys with FePd,
CoPd, FePt and CoPt granules in disordered states
(phases L11and L12) and ordered state (phase L1o).
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For the experimental verification of ratios (1) and
(2), the electrophysical characteristics of two-layer film
samples Pd/Co/S, Pt/Co/S, Pd/Fe/S and Pt/Fe/S were
used by layer-by-layer deposition in vacuum at a sub-
strate temperature Ts = 300 K. To stabilize the physical
properties, the obtained films were kept in vacuum at a
substrate temperature for 1-2 hours. The film thickness
was controlled in situ by a quartz resonator (10 % accu-
racy) using an electric oscillator with a frequency of
10 MHz and a frequency meter.

For measuring electrophysical characteristics, sital
plates with pre-deposited copper contacts were used as
substrates. For electrical measurements, a digital volt-
meter APPA-104 (accuracy + 0.06 %) was used. The
temperature was monitored using a chromel-alumel
thermocouple and a UT-70B multimeter (accuracy + 1 K).

For activation of recrystallization processes and
thermal stabilization of electrophysical properties of
single-layer samples, annealing in the range of 300-850 K
was carried out according to the "heating-cooling" scheme
with a constant speed 2-3 K/min for 2-3 cycles. Based on
experimental dependences o(7), the temperature coeffi-
cients of resistance for films were calculated by the ratio:
p=dInR/dT. Since the TCR calculation of film systems
requires information on the electro--physical properties
for individual layers, the size dependences of p and f of
the single-layer Fe, Co, Pd and Pt films were used.
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Electron microscopic and electron diffraction studies
were performed using TEM-125K on free films after
cooling to room temperature. Electronograms from film
materials were decoded according to the standard pro-
cedure (Fig. 1).

The concentration of system components was de-
termined by the ratio:
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where D and u are the density and molar mass respec-
tively; d is the thickness of the film layer.

The value of the thermal resistance coefficient was
calculated by the ratio:
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where 1 and Sz are the TCR of single-layer films in the
composition of film systems.

The magnetoresistive characteristics were recorded
at room temperature in an alternating external mag-
netic field with induction up to 200 mT for a perpendic-
ular geometry of measurement (the magnetic induction
vector is perpendicular to the current direction and to
the sample plane).
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Fig. 1 - Diffraction patterns of the films which were obtained at 300 K (a, c, e, g) and before annealing to 850 K (b, d, f, h);
Pd(15)/Co(10)/S (a, b), Pd(20)/Fe(15)/S (c, d), Pt(30)/Co(30)/S (e, f) and Pt(15)/Fe(30)/S (g, h). Thickness in nm is given in brackets

3. RESULTS AND DISCUSSION

Comparison of data based on ratio (1) with the ex-
perimental results was carried out on the example of
two-layer film systems. Table 1 shows the results of

%% with the calcu-

comparing the experimental value S5

lated value S, at different values of the parameter a.
The results obtained indicate the large role of the scat-
tering of conduction electrons, which can be spin-
dependent, by magnetic granules. The corresponding
calculations indicate that the value of ASs varies within

the range (0.02-1.70) T-1, which indicates the low sen-
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sitivity of the TCR of g.a. to the magnetic field, alt-
hough the calculations allow to speak about a nonlinear
field effect in AfSs. We emphasize that this is a typical
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situation for film materials, since they exhibit strain
nonlinearity of the strain coefficients (see, for example,
(6, 7]).

Table 1 - Experimental and calculated data of TCR of two-component films annealed in the temperature range 300-850 K

Film system ¢, at. % Co Phase after 50103, K-1| a | B%,-1035, K-1| Ap103 K-!
annealing P cate
Film systems based on Co and Pd or Pt
10 0.20 0.35
Pd(5)/Co(10)/S 72 fec — CosPd (Li12) 0.55 1.0 0.28 0.27
0.1 0.27 0.28
10 0.42 0.23
Pd(15)/Co(10)/S 48 fct — CoPd (Li1o) 0.73 1.0 0.62 0.11
0.1 0.54 0.19
10 0.96 0.09
Pd(45)/Co(10)/S 23 fec — CoPds (IL11) 1.05 1.0 1.17 0.11
0.1 0.94 0.10
10 1.24 0.29
Pt(30)/Co(30)/S 56 fet — CoPt (IL1o) 1.63 1.0 2.06 0.42
0.1 1.77 0.15
Film systems based on Fe and Pd or Pt
10 0.97 0.29
Pd(20)/Fe(15)/S 47 fct — FePd (L.1o) 1.08 1.0 1.18 0.25
0.1 1.08 0.40
10 0.86 0.46
Pt(5)/Fe(30)/S 86 fcc — FesPt (L12) 1.12 1.0 1.17 0.14
0.1 1.03 0.27
10 0.96 0.50
Pt(15)/Fe(30)/S 62 fet — FePt (Li1o) 1.31 1.0 1.39 0.58
0.1 1.23 0.22

4. CONCLUSIONS

The results of studies of electrophysical properties
of granular film solid solutions suggest that the solid
solution granulation causes an increase of the TCR
value by tens of percent. It is clear that this difference
is determined with low accuracy because it is based on
experimental data for the TCR granular s.s. and calcu-
lation data for the s.s. of the magnetic component in the
paramagnetic matrix.

We conclude that the TCR increase is related to the
spin-dependent scattering of conduction electrons by
magnetic granules. With respect to the difference in the
magnitude of the magnetic coefficient of TCR for the
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Enexrpodisnuni BracTuBoCTi rpany/IbOBaHUX IUIIBKOBHUX CILIABIB
0O.A. I'puuanoscska, A.K. Punosa, T.M. I'puuanosceka, H.I. Illymaxosa

Cymcvruli deporcasruti ynigepcumem, 8yn. Pumcvrozo-Kopcarxosa, 2, 40007 Cymu, Yrpaina

IIpencrarseno peaysbraTv BUBUYEHHS KOHIIEHTPAIIMHUX 1 TeMIIepaTypHUX yMOB opmyBauus das Llo,
L1: ra L1z y nBomapoBux ruriBkoBux crcremax Ha ocHOBI Fe a6o Co ta Pt a6o Pd micist ix TepmMooGpobKm 10
850 K. ExcrieprMeHTaIbHO BU3HAYEH] €JIEKTPO(I3UIHI BJIACTHBOCTI IPAHYJILOBAHUX CILJIABIB, TAKl K IIH-
ToMu omip 1 Tepmivnauit Koedirieut ormopy (TKO), 6ysu mopiBHAHI 3 po3paxXyHKOBUMHY 3HAYEHHIMH BIIIIO-
BIJHUX BEJWYMH B PaMKax (PEeHOMEHOJIOTIUHOI MOJEeJIl eJeKTPO(I3WYHUX BJIACTHBOCTEH TI'DAHYIbOBAHUX
cruraBiB. OTpuMaHi pe3yJIbTaTH JIO3BOJIMJIM MIPOBECTH po3paxyHKHW mporrodoBanux 3min THO rpanymnoBa-
HHUX CIUIABIB y IMepIeHIHKYJISpHOMYy MarHiTHoMy moii 3 ingykiieo 200 mTia. PospaxyHkoBi BesamumHu

8a 55
AB = BE, — Boye mexats y Mesax (0.1-0.6)-10-3 K-1. Besuauna Af, = dlZTexp 7% Mae HU3bKe 3Ha-
veHHs y Meskax (0.02-1.70) T-1.

Kirouori cinosa: ['panysboBanuii crias, Teepauit posuns, [Turommuit omip, TKO, Maraitawuit koediriernt TKO.

06007-4



