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Electrical and magnetic characteristics have been studied in heterogeneous film structures
Cr(25 nm)/(Al + Mn)(50 nm)/Cr(25 nm) and Fe(100 nm)/(Al + Mn)(200 nm)/Fe(100 nm) ob-
tained using thermally activated mass transfer. The dR(T)/dT dependence for the annealed
film has shown a complex phase composition. The characteristic peak at T = 165 K corre-
sponds to T, (Curie point) of the Fe,AIMn alloy. The results obtained show the principal
preparation possibility of Heusler type heterogeneous film structures using thermally
activated mass transfer.

WccemoBaHbl 2JIeKTPUUYECKNE M MATHUTHBIE XaPaKTEPUCTHUKU IIJIEHOUHBIX I'eTePOTeHHBIX
crpykryp Cr(25 am)/(AlH+Mn) (50 um)/Cr (25 um) u Fe (100 mm)/(Al + Mn) (200 um)/Fe
(100 HM), MOJIyYEHHBIX C IIOMOIILI0 TEPMUUYECKN AKTUBHPOBAHHOTO MAaCCOIIEPeHOCA. SaBUCH-
mocth dR(T)/dT morasana CiOKHBIN (PA30BBIM COCTAB IJMIEHKHM IIOCJIE OTKHUIra. XapaKTepPHbII
nuK npu Temmneparype 165 K coorsercryer T, (Touke Kiopu) crasa Fe,AlMn. Iloryuennere
pes3yabTaThl CBUAETEJIbCTBYIOT O HPUHIIMIINAJLHON BOSMOMKHOCTH COSTAHUS IIJIEHOUHBIX I'eTe-
POTeHHBIX CTPYKTYP IefCIepOBCKOI0 THUIIA C IIOMOINbI0 TEPMUUYECKN aKTHBUPOBAHHOI'O MACCO-
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mepeHoca.

The progress in the new field of electron-
ics, spintronics, demands development of ef-
fective and reliable preparation methods of
heterogeneous film structures. Such struc-
tures are used, e.g., in data readout from
hard disks. The tunnel junction sensor in-
cludes a ferromagnetic film with a high de-
gree of spin polarization, nonmagnetic, and
antiferromagnetic layers. As antiferromag-
netic layer, films of Cr—Al-Mn system were
successfully used in spintronic devices [1].
The properties of the films made of such
materials depend heavily on the accuracy of
the stoichiometric composition. It is not al-
ways possible to achieve that by using
known methods of material condensation on
substrates. A more precise control of the
final heterogeneous film composition is pos-
sible when using the interpenetration of
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separately deposited components of the pre-
set composition. Such an interpenetration
can be provided using thermally activated
diffusion or mass transfer under laser pulse
action. This work presents the electric and
magnetic resistance study results of film
structures obtained using thermally acti-
vated mass transfer.

To obtain the specified composition of
the final film, the Cr (25 nm), Al + Mn
(50 nm) and Cr (25 nm) layers were sequen-
tially deposited on the glass ceramic sub-
strates using electron beam in the vacuum
chamber of double electron gun system
VUP-5m. The interpenetration of the film
components was provided by diffusive ther-
mal annealing in vacuum (5-107% Torr) dur-
ing the estimated time directly in the cham-
ber of deposition system. The mass transfer

339



A.V.Filatov et al. / Preparation of heterogeneous ...

R, kQ
8t
Cr, AlMn
6}F
4t
2k . I . ! . I r I
300 400 500 600 T, K

Fig. 1. Temperature dependence of the elec-
trical resistance during the heating of a
Cr—Al-Mn film structure of 100 nm initial
thickness and formation of the Cr,AIMn-film.

in the film during the annealing was moni-
tored by measuring the electric resistance
(see Fig. 1). The annealing duration ¢ was
calculated using the known interdiffusion
coefficients D of the components over the
preset depth & as

t ~ h2/ D, where D = Doexp(—E, / kT).

As it follows from the dependence pre-
sented in Fig. 1, the resistance decreases
monotonously in the temperature range
from 473 to 643 K. At a further tempera-
ture increase, the main contribution to the
resistance change is due to diffusion proc-
esses. According to [2], increasing content
of Cr, as well as Mn, in Al causes an in-
crease of the Al resistivity, as is observed in
Fig. 1. That is why the annealing tempera-
ture of 623-673 K was chosen to provide
the effective interpenetration of the film
components. At higher temperatures, the
effective formation of intermetallides is
also possible [2]. The diffusive annealing
duration ¢ (1 hour) was chosen according to
the interdiffusion coefficients of Mn-Al (D ~
10711 ¢m2/s at 623 K) and diffusion pa-
rameters of Cr in Al (Dy = 3.01.1077 cm?/s,
E,=64.4 kd/mole) [7]. This provides the
interpenetration of the film components to
the depths of 2> 50 nm in selected tem-
perature range.

To check the application possibility of the
diffusion method in preparation of the Heusler
type heterogeneous films, the multilayered
film of Fe(100 nm) — (Al + Mn)(200 nm) —
Fe(100 nm) was annealed. After a rather
short (80 min) diffusive annealing (T =
573 K), the film resistance was decreased

340

R,kQ
40

Fe-Al-Mn a

35+

30k -
)~ -~
T T

0,06

0,04

0,02

100 150 200 250 T, K

Fig. 2. Fe-Al-Mn film (400 nm initial thick-
ness) electrical resistance vs temperature:
R = f(T) (a); dR(T)/dT = f(T) (b).

from 150 to 49 Ohm at a slight increase of
magnetoresistance (MR = 0.05 %) in the
field H =4 kOe. Such low magnetoresis-
tance is explained by fact that annealed
bulk Fe,AIMn shows a magnetic transition
below approximately 165 K [3].

Thus, to examine the formation possibil-
ity of the Fe,AlMn phase, it was necessary
to study the temperature dependence of the
obtained film resistance in the 300-100 K
range. To exclude possible errors connected
with the inhomogeneous film cooling, all
measurements were carried out at the ab-
sence of the temperature gradient along the
film surface. To that end, the sample with
the attached thermocouple (copper-constan-
tan) was gradually dipped into the Dewar
flask with liquid nitrogen at the bottom
keeping the film surface parallel to the ap-
propriate temperature layer. In each sam-
ple position, the film electric resistance was
recorded. Prior to annealing, the Fe—-Al-Mn
film has the resistance temperature coeffi-
cient (RTC) near to zero, that is typical of
structural systems with films with different
RTC sign. After annealing, the film has
positive RTC. The temperature dependence
of the film electric resistance after 90 min-
utes annealing at 573 K is shown in Fig. 2a.

A typical feature of the dependence is
the presence of a nonlinear part in the tem-
perature range 173-100 K. As shown in [4],
such dependence is typical of metal transi-
tion from paramagnetic state to ferromag-
netic one as the temperature drops below
Curie point. As follows from those results,
the R(T) dependence is typical of metallic
conductivity. The phase transition points de-
termined from dR(T)/dT derivative (Fig. 2b)
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show that the system has a complex phase
composition. The peak at T =165 K =T,
corresponds to the Curie point of Fe,AlMn
alloy [3]. This evidences the formation of
the Heusler Fe,AIMn phase due to diffusive
annealing of vacuum-deposited films of each
individual component. The nature of peak
at T = 129 K can be associated with the ap-
pearance of second phase. As shown in [5],
in a system consisting of two phases
(paramagnetic and ferromagnetic) having
semiconductor and metal conductivity char-
acter, espectively, the temperature depend-
ence of resistance has a two-peak character.

A longer diffusive annealing (1 and
1.5 h) results in the further ordering of the
film structure. At the same time, the magne-
toresistance decreases down to zero (Fig. 3).
This is due to homogenization of heteroge-
neous structure typical of Heusler alloys. It
is possible that intermetallic phases have
time to be formed during the long-term dif-
fusive annealing. An evidence to this may
be the resistivity increase above 650 K.
This may result in formation of a homoge-
neous intermetallic structure. In spintronic
systems, the best results are observed when
using heterogeneous, in particular, granular
structures. It is possible to avoid formation
of the intermetallides during interpenetra-
tion of the film components by a short-term
(1073 to 1078 s) laser annealing. It was
found [6] that such pulse action results in
mass transfer processes in the solid state
with the mass transfer coefficient much ex-
ceeding the diffusion coefficient in the lig-
uid metal. It should be noted that under
pulsed laser action on the film deposited
onto a ceramic substrate, it is possible to
form a metal-ceramic film.

Thus, the results obtained in this work
show a principal preparation possibility of
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Fig. 3. Magnetoresistance (MR) of Fe—Al-Mn
film vs annealing time (T = 573 K). Initial
film thickness 400 nm.

Heusler type heterogeneous film structures

using thermally activated mass transfer.
The work has been accomplished in the

framework of the STCU project N4137.
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OTpuMaHHA TeTepOreHHMX ILIIBKOBMX CTPYKTYP
TePMiYHO AKTHBOBAHMM MacoIllepeHeCeHHIM

O.B.®Dinamos, O.€.I1ozopenoé, B.B.Heédauwa, A.P.Kpaseydv

HocaimxkeHo eJeKTPUUYHI Ta Mar"iTHi XapaKTepUCTUKU MJIiBKOBUX I'eT€POT€HHUX CTPYK-
Typ Cr(25 um)/(Al + Mn) (560 am)/Cr (25 mm) Ta Fe (100 mm)/(Al + Mn) (200 um)/Fe
(100 M), OTPUMAHMX 34 IOIIOMOIOI0 TEPMIiUHO aKTUBOBAHOI'O0 MAacCOIlePEHECEeHHS. SaJeKHICTD
dR(T)/dT noxasana ckjaguuii (asoBWil CKJax ILIiBKH Iricas Bigmany. XapaxTepHuil mik
npu remuepatypi 165 K signosinae T, (Touni Kiopi) cimasy Fe,AlMn. Orpumasni pesynbratu
CBigUuaTh IPO IPUHIMIIOBY MOYKJUBICTH CTBOPEHHS IJiBKOBUX I'€TEPOTE€HHUX CTPYKTYD Teiic-
JIEPiBCBKOr'0 TUIY 3a JOIOMOTOI0 TEPMiUYHO aKTUBOBAHOI'0O MAaCOII€PEHECEHHS.
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