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The original Co(001)/Pt(111) film structure has been obtained by consequent thermal deposi-
tion of Co layer with a cubic crystal lattice and Pt(111) from the target sprayed using a magnetron
sputtering technique on a single crystal substrate of MgO(001) in the vacuum of 10°° Torr. In the
experiments we have used the samples with the atomic ratio: 1Co:3Pt and 1Co.1Pt; total thickness
is about 300 nm. The X-ray diffraction analysis has shown that in two-layer structures with the
atomic ratio of reagents 1/3, at temperatures of annealing T = 500 and 850 °C in the interlayer
chemical interaction, phases of epitaxial cubic compounds CoPt; (L1,) are formed. The annealing
of the same structures with 1/1 ratio leads to the formation of the second phase CoPt (L1,) with
tetragonal distortion. The newly formed L1, CoPt phase grows epitaxially on the base of the pre-
synthesized L1, CoPt; phase with the same orientation relationship. The peculiarity of the films
with atomic ratio Co /Pt = 1/1 at T = 850 °C is the presence of “perpendicular” anisotropy due to
the exchange interaction of two formed ordered phases CoPt (111) and CoPt; (111).

Keywords: solid-phase synthesis, film samples, perpendicular anisotropy, magnetic proper-
ties, crystal Structure.
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Hcxoonvie niénounvie cmpykmypul HOLYYeHbl HOCIE008AMENbHbIM MEPMUYECKUM OCANCOCHU-
em cnos Co ¢ kybuueckou kpucmaniudeckou peuemxou u Pt(111) uz muwenu, pacnolisiemou ¢ uc-
NOIb308AHUEM MEMOOUKU MASHEMPOHHO20 PACNbLIeHUs HA MOHOKPUCMALIUYECKYIO NOOJO0NCKY
MgO(001) 6 saxyyme 10°° mopp. B sxcnepumenmax ucnonvzosanucs obpasysi ¢ 1Co:3Pt u 1Co: 1Pt
amoMHbuIM OmHoweHuem oowel moauwurol nopsaoxa 300 um. Penmeenocmpykmyphble ucciedosa-
HUSL NOKA3ANU, YO 8 08YXCIOUHBIX CIMPYKMYPAX C AMOMHbIM COOMHOWeHUem peazenmos 1/3, npu
memnepamypax omoicuea npu T = 500 u 850 °C 6 pesyniomame mexHcciouH020 XUMUUECKO20 63AU-
MoOeticmeust hopmupyiomes (haszvl INUMAaKCUaIbHo20 Kyouueckoeo coeounenust CoPt; (L13). Om-
JAHcUSU IMUX dHce cmpykmyp ¢ coomuoutenuem 1/1 npusoosam x gpopmuposarnuto emopoii ¢pazvt CoPt
(L1y) ¢ mempazconanvuvim uckaxcenuem. Buoev cgopmuposannas L1y CoPt ¢aza pacmem snu-
MakcuanbHo Ha baze npedsapumenvro cunmesuposanunou L1, CoPt; ¢paze ¢ mem e opuenmayu-
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oHHoM coomHuoueHuem. OcobeHnocmamu nieHku ¢ amomuwvim coomuowernuem Co/Pt = 1/1 npu
T = 850 °C sensemcs nanmuuue «nepneHOUKVIAPHOU» AHUZ0MPONuU, 00YCI06LEHHOU 0OMEHHbIM
s3aumooeticmsuem 08yx cghopmuposannvix ynopsoouerntolx gpaz CoPt(111) u CoPt;(111).

Kniouesvie cnosa: meepooghasnulii cunmes, niéHounvie 00pasyvl, NEPReHOUKYIAPHAS AHU3O-
mponus, MAZHUMHbLE CEOUCMEA, KPUCMAIUYECKAsl CMPYKMypa.

Introduction. The subjects of the research of solid-phase synthesis in thin-film samples are thin
two-layer films or multilayers where reaction behavior at heat treatment is possible. The search of op-
timum conditions of solid-phase synthesis in thin films is carried out by practical consideration; there-
fore, there is no concrete understanding of mechanisms of solid-phase synthesis course [3—5].

In the work we study solid-phase synthesis of various phases obtained by consecutive anneal-
ing of the two-layer structure Co (001)/Pt (111) with various atomic ratio of the elements deposited
on a single-crystal substrate of MgO. We also study the processes of formation of phases in the
course of solid-phase synthesis as a result of heat treatment, structural, magnetic and anisotropic
properties of synthesizable phases.

Experiment. The X-ray fluorescent analysis has been used to determine the thickness of Co
and Pt layers. The identification of the formed phases has been carried out on the DRON-4-07 dif-
fractometer (CuK,-radiation). All initial Pt(111)/Co(001)/MgO(001) samples have been exposed to
thermal annealing in the temperature range from 250 to 850 °C with a step 50 °C holding time
40 minutes at each temperature.

The atomic ratio / Pt = 1/3. Figure 1 shows the diffractogram of an initial two-layer Co/Pt
sample and the diffractogram of the same sample after annealing at T = 500 °C and 850 °C.

Annealing at T = 500 and 850 ° C contributes to the formation of the epitaxial cubic CoPt;
compound.

Annealing at T = 850 ° C leads to the full formation of the epitaxially ordered phase CoPts.

The atomic ratio / Pt = 1/1. By way of addition of the Co layer to the synthesized film sam-
ple, atomic structure in the sample has been brought to the ratio: CoPt; (111) to Co/Pt = 1/1. The
received structure of CoPt 1/1 has been annealed at T = 650 °C again.
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Fig. 1. Formation of the cubic phase CoPt; at heat treatment in the two-layer Co/Pt system with the atomic
ratio of elements 1/3 besieged on a single-crystal substrate — MgO:
a — the layered structure of MgO(001)/So(001)/Pt (111) made at a temperature of a substrate — 250 °C;
b — temperature of annealing of layered structure at — 500 °C; ¢ — temperature of annealing of structure — 850 °C
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In figure 2 we can see that after annealing in the Co/CoPt; (111)/MgO system two hybridized
phases are formed: L1, CoPt; (111) and L1, CoPt (111) which are most focused in the direction
(111).
In figure 3 the dependence of size of coercive force on annealing temperature is shown. In this
figure, it is possible to see that the value of coercive force increases, starting from the annealing
temperature 450 °C. We can see that at the annealing temperature starting from 600 °C, perpendicu-

lar magnetic anisotropy appears.
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Fig. 2. Formation of cubic phases in the Co/CoPt; (111)/MgO system
with the atomic ratio of elements 1/1 after annealing at T = 650 °C
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Fig. 3. Dependence of size of coercive force on annealing temperature

Conclusion. The possibility of using solid-phase reactions for formation of hybrid structure is
shown: high-coercivity phase CoPt (111)-L1y and low-coercive CoPt;(111)-L1, with the perpen-

dicular magnetic anisotropy (PMA).
1. In a two-layer film Co(111)/Pt(111) with the atomic ratio of elements 1/3, MgO(001) be-

sieged on a single-crystal substrate, at the annealing temperature T = 850 °C the cubic phase CoPts

with the plane (111) has been created.
2. By addition to the synthesized sample of CoPt; (111) of cobalt to atomic structure With / Pt

= 1/1 is created hybrid structure of CoPt; (111)/CoPt (111) which at T =650 °C shows:

— existence of perpendicular magnetic anisotropy (Hx ~ 80 xOe);

— high coercivity (Hc ~ 8 xOe);

— the nature of emergence of perpendicular magnetic anisotropy, in our opinion, consists in
exchange interaction of the created magnetic phases CoPt (111)-L1y and CoPt; (111)-L15.
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