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By the methods of materials science, the effect of intermediate Cu layer with
low surface energy (=1.83J/m?) (top, intermediate, and underlayer) in
[Fe; Pt;0(15 nm)/intermediate Cu(7.5 nm) layer/Fe; Pt;, (15 nm)], (where n =
=1, 2), top Cu(7.5 nm) layer/Fe; Pt;,(15 nm) and Fe, Pt;,(15 nm)/underlayer
Cu(7.5 nm) film compositions on SiO,(100 nm)/Si(001) substrates on diffu-
sion phase-formation processes and L1, phase formation, its structure, and
magnetic properties at annealing in vacuum is studied. The film compositions
are prepared by magnetron sputtering on thermally oxidized SiO, layer by
thickness of 100 nm on monocrystalline Si(001) substrate. Subsequent heat
treatment is carried out at high vacuum of 1.3-:107% Pa in the 300-900°C tem-
perature range during 30 s at each temperature. As determined, the chemical-
ly disordered A1(FePt) phase is formed in all as-deposited films. The for-
mation of chemically ordered L1,(FePt) phase in [Fe;,Pt;,(15 nm)/Cu(7.5 nm)
intermediate layer/Fe; Pt;,(15 nm)], films (where n = 1, 2) with intermediate
layers takes place during annealing at 700°C and is accompanied by sharp co-
ercivity increase, which also rises after subsequent high-temperature anneal-
ing. In the films with top copper layer, the temperature of L1,(FePt) phase
formation rises up to 900°C. In the films with copper underlayer, the for-
mation of L1,(FePt) phase is not detected by X-ray analysis, but small coerciv-
ity increasing after annealing within the temperature range of 800—900°C can
testify that ordering processes proceed.

Metomamu (hisMUHOTO0 MaTEPisiI03HABCTBA BUBUEHO BILJIIMB JAOJATKOBOTO IIIapy
Cu 3 HE3bKOIO IIOBEPXHEBOIO eHeprielo (= 1,83 I3 /M?) (BepXHBOTO, IIPOMIisKHO-
ro i migmapy) B miaiBKoBux KomMmosuniax [Fe; Pt; (15 mm)/mpomixkenii map
Cu(7,5 am)/Fe,; Pt;(15 HM)], (e n=1, 2), Bepxuiti map Cu(7,5 am)/Fe, Pty
(15 M) i Fey Pty (15 mm)/migmap Cu(7,5 wm) Ha nmigmoxkax SiOy(100
uM)/Si(001) Ha npomecu qudysiiiHoro pasoyrBopeHHA, opmyBaHuA dasu L1,
Ta ii CTPYKTYPHI I MardHeTHi BJIACTUBOCTI HNpu Bimmanax y Bakyywmi. ILmiBKoBi
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KOMITO3UIIil OIeP?KaHO METOA0M MAarHeTPOHHOTO OCAPKeHHS Ha TePMiYHO OKHU-
cuene (map SiO, TopiuHOo0 100 HM) miamoK:KA MoHOKpucTadiynoro Si(001).
Hacrtymze Tepmiute 06pobienusa TpuBaiicTio y 30 ceKyHI BUKOHYBAJIOCS Y BU-
coromy BaxkyyMi 1,3:107% ITa B TemueparypHomy inTepBasi 300-900°C. Bera-
HOBJIEHO, II0 B YCiX IIiBKaX MicJIs ocamKeHHS (POPMYETHCSI XeMiuHO HEBIOPS-
nxoBaHa aza Al(FePt). @opmyBanua xemiuno Bnopaaxkosanoi ¢asu L1,(FePt)
y miaiBkax 3 npomikHuUMHU miapamMu Mini [Fey Pt;(15 HM)/mpomiskHUN miap
Cu(7,5 am)/Fe; Pt;o(15 HM)], (e n =1, 2) BigOyBaeThca B X0A4i Bigmamy mpu Te-
muepatypi 700°C i cynIpoBOAKY€EThCA PiBKUM 30i/IBIITEHHAM KOEPIIUTUBHOI CH-
JU, IKa 3POCTAE TAKOXK 1 ITicJIA HACTYIHUX BUCOKOTEMIEPATYyPHUX BiamamaiB. ¥
ILIiBKaX 3 BEPXHiM mapom Mini remneparypa dopmyBarnusa dasu L1,(FePt) mi-
aBumtyetbesa xo 900°C. ¥V maiBmi 3 migmrapom mini yrBopenus dasu L1y(FePt)
peHTr'eHOrpad)iyHO HE BCTAHOBJICHO, ajie HEeBeJIUKe 30i/bIIeHHA KOePIUTHBHOI
cuiu micada Bigmasis B iHTepBasi Tremneparyp 800—900°C morke cBigumTH mpo
mepedir mpoIieciB yInopAaIKyBaHHA.

MeTtomamMu (hUBUUECKOTO MaTepPUAJIOBEJeHUA N3YyUEHO BIUSAHNE JOIOJHUTEb-
Horo cjoa Cu ¢ HU3KOIl IIOBepXHOCTHOH sHeprueit (=1,83 II:x/m?) (BepxHero,
IIPOMEXXYTOYHOI'O U IIOACJIOA) B INIEHOYHBIX Kommosunuax [Fe,Pt; (15 mm)/
mpoMe:KyTouHBIH cioit Cu(7,5 um)/Fey Pt;o(15 u™m)], (rme n = 1, 2), BepxHUH
caoir Cu(7,5 um)/Fe, Pt (15 am) u Fe; Pt;(15 mM)/moacaoit Cu(7,5 HM) Ha
nominoxkkax Si0,(100 um)/Si(001) Ha mpormeccs! guddy3uoHHOTO (Hazoodpaso-
BaHUdA, opmupoBanue Gasbl L1, 1 eé CTPYKTypHbIe U MarHUTHBIE CBOIMCTBA
IPU OTYKUTaX B BakyyMme. [11€HOUHBIE KOMITO3UI[UY TOJyYeHbI METOLOM MarHe-
TPOHHOTO OCaKJIeHUSA HA TePMHUUECKU OKUCIEHHYIO (caoit SiO, Toamuuoi 100
HM) IOAJO0KKY MoHOKpucTtatndeckoro Si(001). ITocaenyiomiasa TepMmuuecKas
o0paboTka AauTeNbHOCTHI0O 30 CEKYHJ BBINOJHAJIACH B BBICOKOM BaKyyMe
1,3-1072 IIa B TemueparypaoM uHTepBase 300—900°C. YcTaHOBJIEHO, UTO BO
BCEX IIEHKAX IIOCJIe OCAKAEHUA (DOPMUPYETCA XUMUUECKU HEYIOPALOUEeHHAA
dasa A1(FePt). @opmupoBanue xuMuuecKku ynopsagouenuoii ¢assl L1y (FePt) B
ILIEHKAX C IPOMEXKYTOUHBIMU ciaoamu Menu [Fe, Pt; (15 HM)/mpoMexyTOUHBIH
caoit Cu(7,5 am)/Fe, Pty (15 HM)], (Toe n =1, 2) IPOUCXOIUT B IIPOIECCE OTIKHU-
ra mpu temieparype 700°C 1 compoBOKAAETCA PE3KUM YBeJINUYeHuEeM KO9PI[H-
THUBHOM CHUJIBI, KOTOPAs BO3PACTAET TaKiKe U II0CJI€e MOCIEYIOIINX BEICOKOTEM-
ImepaTypHbIX OTKUTOB. B IMIEHKAX ¢ BEPXHUM CJI0OeM Meou Temireparypa ¢op-
mupoBauusa Gassl L1y(FePt) mosrimaercsa go 900°C. B iéHKe ¢ mogcioeM Menn
obpasoBanue (asbl L1,(FePt) penrreHorpaduuecku He yCTaHOBJIEHO, HO He-
00JIBIIIOE YBEeJINUYEHNE KOSPIIUTUBHOM CUJIBI IIOCJIEe OTKUI'OB B MHTEPBaJie TEeM-
nepatyp 800-900°C MoKeT CBHUAETEJIHLCTBOBATH O IIPOXOKIEHUU ITPOIECCOB
YIOPSI0YeHU .

Key words: chemically ordered phase L1,(FePt), thin films, annealing, coer-
cive force.
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1. INTRODUCTION

Using of nanosize FePt films with chemically ordered high-coercivity
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phase L1,(FePt) makes it possible to increase the density of magnetic
recording and information storage up to =1 Tb/cm?. High energy of
magnetic-crystalline anisotropy of the L1,(FePt) phase K,=7-10°
J/m?, which prevents transition to superparamagnetic state with the
decrease of grain volume, promotes it. L1,(FePt) phase is formed from
the chemically disordered magnetically soft phase A1(FePt) at temper-
atures higher than 400°C. To enhance a technological effectiveness at
usage of these films, the temperature of L1,(FePt) phase formation
should be decreased. One of the way to accelerate the ordering process
is the using of the energy of the boundaries, which are additionally
formed in the film composition as a result of introduction of additional
layer of the third element with low surface energy (Ag, Cu, Au)[1-13].
It is supposed that the low surface energy in layered film compositions
can be used as extra driving force, which promotes diffusion rear-
rangement of Fe and Pt atoms and formation of the chemically ordered
L1,(FePt) phase with necessary magnetically hard properties.

The purpose of this work is investigation of the impact of the addi-
tional layer of Cu with its different location in the film composition
(upper, intermediate, and sublayer) on the processes of diffusional
phase formation and transition of A1(FePt) phase into L1,(FePt) phase,
its structural and magnetic properties in nanosize film compositions
[FesoPt;0(15 nm)/intermediate layer Cu/Fe;Pt;(15 nm)],/SiO5(100
nm)/Si (001) (where n=1, 2), Fe;,Pt;,(15 nm)/underlayer Cu(7.5 nm)/
Si0,(100 nm)/Si(001) and upper layer Cu(7.5 nm)/Fe;,Pt;,(15 nm)/SiO,
(100 nm)/Si(001) at annealing in vacuum.

2. EXPERIMENTAL TECHNIQUE

Nanosize film compositions (NFC) [Fe;,Pt;,(15 nm)/intermediate layer
Cu/Fe;Pt;(15 nm)],/SiO,(100 nm)/Si (001) (where n=1,2),
Fe, Pt;(15 nm)/underlayer Cu(7.5 nm)/SiO,(100 nm)/Si(001) and up-
per layer Cu(7.5 nm)/Fe;Pt;,(15 nm)/SiO,(100 nm)/Si(001) are pro-
duced by the method of layer-by-layer deposition of the layers of
FeyoPtso (99.95% ) alloy with the thickness of 15 nm and layers of Cu
(99.9% ) with the thickness of 7.5 nm on the substrate of the thermally
oxidized layer of SiO, with the thickness of 100 nm on Si single crystal
of (001) orientation, which is at the room temperature. The annealing
is performed in the high vacuum at the pressure of =1.3-107® Pa within
the temperature range of 300—900°C with the holding of 30 sec at each
temperature at the heating rate of 5°C/s. The cooling rate is 0.25°C/s.
The thickness of the deposited layer is measured using a quartz crystal
resonator and by the method of X-ray reflectometry. The error of the
thickness estimate is £1 nm.

The investigation of NFC after deposition and annealing and deter-
mination of the degree of their chemical ordering is performed by the
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X-ray diffraction method using ULTIMA IV Rigaku diffractometer in
CuK,-radiation. The degree of chemical ordering of the L1,(FePt)
phase is estimated by the ratio of the diffraction reflexes 7(001)/1(002)
[14, 15]. The degree of orientation of easy magnetic axis [001] with re-
gard to normal to a surface is determined by the ratio 1(001)/I(111).
The change of the chemical composition across the film thickness be-
cause of diffusion processes is investigated by the method of Ruther-
ford back scattering (RBS).

Morphology of film surface is investigated by an atomic force mi-
croscopy (AFM). Magnetic properties of the films are estimated with
the help of the Kerr magnetooptical effect and magnetic force micros-
copy. Resistometric measurements are performed by four-point probe
technique at room temperature.

3. RESULTS AND DISCUSSION

Diffractograms of NFC with different locations of the copper layer af-
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Fig. 1. XRD patterns (for CuK,-radiation) of [Fe;,Pt;,(15 nm)/Cu(7,5 nm)/
Fe,,Pt;,(15 nm) intermediate layer], (where n =1, 2), Fe,,Pt;,(15 nm)/Cu(7,5
nm) underlayer and Cu(7,5 nm) top layer/ Fe;,Pt;,(15 nm) as-deposited films
(a) and after annealing at temperatures of 700°C (b), 800°C (c), 900°C (d).
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ter deposition and annealing in the temperature range 700—-900°C are
presented in Fig. 1.

After deposition, structural reflexes (111) from the chemically dis-
ordered phase A1(FePt) are fixed in all films, from copper and from the
substrate (see Fig. 1, a). The value of the coercive force of all films
comprises about 50 oersted that testifies their soft-magnetic proper-
ties, which remain unchanged until the annealing temperature of
600°C (see Fig. 2).

According to the results of the X-ray diffraction phase analysis, an-
nealing of the investigated films within the temperature range of 300—
600°C are not accompanied by the significant change of their structur-
al and phase composition and magnetic properties. However, as noted
in paper [16], results of investigation of the films with the intermedi-
ate copper layer [FeyPt;o(15 nm)/intermediate Cu(7.5 nm) lay-
er/Fe;,Pt;, (15 nm) by the RBS method show that the thermally acti-
vated diffusion processes between the layers of Cu and FePt take place
at the annealing at the temperature of 300°C.

Further annealing in vacuum of the films with the intermediate
copper layer [Fe; Pt;,(15 nm)/intermediate Cu(7.5 nm) layer/Fe;,Pt;,
(15 nm)],, where n =1, 2, at the temperature of 700°C is accompanied
by the transition of the A1(FePt) phase into the chemically ordered
L1,(FePt) phase (see Fig. 1, b). The appearance of the superstructural
reflex (001) and splitting of the structural reflex (200) into reflexes
(200) and (002) testifies to that. Low intensity of the (001) reflex testi-
fies to the fact that the specified annealing temperature is not suffi-
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Fig. 2. Dependences of coercivity on annealing temperature for [Fe; Pt;,(15
nm)/Cu(7,5 nm)/Fe;,Pt;((15 nm) intermediate layer], (where n = 1, 2),
Fe; Pt;0(15 nm)/Cu(7,5 nm) underlayer, and Cu(7,5 nm) top layer/Fe,,Pt,,(15
nm) films.
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cient for the appearance of the complete ordering in the film. The fact
that the increase of the annealing temperature is accompanied by the
noticeable intensity of (010 and (002) reflexes, serves to show it (see
Fig. 1, ¢, d). In this case, their magnetic properties enhance, in particu-
lar, the coercive force increases to 8.6 kilooersted (n = 1) and 8 kiloo-
ersted (n = 2) (see Fig. 2).

In films with the upper layer and sublayer of copper, annealing up to
and including the temperature of 800°C does not result in significant
change of structural and phase state. However, in the film with the
upper layer of copper the shift of the structural reflex (111) towards
bigger angles is observed, which is a consequence of appearance of te-
tragonality of the crystal lattice, caused by the start of the phase
transformation A1(FePt) — L1,(FePt). Appearance of the low intensi-
ty superstructural reflex (001) of the L1,(FePt) phase after annealing
at the temperature of 900°C, which is by 200°C higher than that for the
films with the intermediate copper layer, gives evidence of the lower
intensity of the ordering process (see Fig. 1, ¢). In the film with the
sublayer of copper, the shift of the structural reflex (111) towards big-
ger angles is observed only after annealing at the temperature of
900°C, and the superstructural reflex (001) does not appear at all. The
presence of the copper sublayer largely decelerates the processes of re-
arrangement of iron and platinum atoms and shifts the formation of
the chemically ordered phase to the higher annealing temperatures.
The increase of the coercive force of the film with the upper layer of
copper to 2.3 kilooersted only after the annealing at 700°C and of the
film with the sublayer of copper to 1 kilooersted after annealing at
900°C also points at the insignificant processes of the ordering in the
films under investigation (see Fig. 2).
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Fig. 3. Dependences of 1(001)/1(002) (a) and 1(001)/I(111) (b) structural re-
flexes intensity ratio of [Fe; Pt;,(15 nm)/Cu(7,5 nm)/Fe;,Pt;,(15 nm) inter-
mediate layer], (where n =1, 2), Fe,,Pt;,(15 nm)/Cu(7,5 nm) underlayer, and
Cu(7,5 nm) top layer/Fe;,Pt;,(15 nm) films.
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The ratio of intensities of the structural reflexes (001) and (002) for
the films with the intermediate copper layer [Fe;,Pts;,(15 nm)/inter-
mediate Cu(7.5 nm) layer/Fe;,Pt;,(15 nm)],, where n = 1, 2 after the
annealing at the temperature of 700°C reaches values of 2.8 and 1.3,
respectively. It gives evidence of the establishment of the long-range
order of the L1,(FePt) phase (see Fig. 3, a).

It should be noted that the ratio of intensities of the structural re-
flexes (001) and (002) for the film with one intermediate copper layer
insignificantly changes with the annealing temperature growth. One
can suppose that the formation of the chemically ordered phase
L1y,(FePt) completed during the annealing at the temperature of
700°C. In the multilayer film with two intermediate layers of copper
the degree of ordering increases with temperature (see Fig. 3, a). De-
crease of the degree of tetragonality c¢/a also points at the presence of
the processes of ordering in films with one and two intermediate layers
of copper at the annealing temperature increase to 900°C (see Fig. 4,
a). In this case, as follows from Fig. 4, a, more evident decrease of the
degree of tetragonality c/a, as compared with the film of Fe,,Pt;, alloy,
points at the fact that introduction of additional layers of copper accel-
erates the processes of ordering. Insignificant increase of the ratio of
intensities of I(002)/I(111) structural reflexes at annealing tempera-
ture increase from 700 to 900°C bears evidence of the turn of the ¢ axis
in the direction perpendicular to substrate plane of a small number of
grains (see Fig. 3, b).

The dependences of the crystal lattice parameters a and ¢ of the FePt
phase for the films with one and two intermediate layers of copper are
presented in Fig. 4, b. Data for the film of Fe, Pt;, alloy are presented
for comparison. As one can see from Fig. 4, b, after annealing at the
temperature higher than 700°C the lattice parameter ¢ of L1,(FePt)
phase for the film with intermediate copper layers is lower than that of
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Fig. 4. Dependences of c¢/a ratio (a) and a and c lattice parameters (b) of FePt
phase on annealing temperature.
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the film of the alloy. Decrease of the value of lattice parameter c of the
FePt phase for the film alloyed with copper in comparison with that of
the pure film points at the formation of the thermally stable ternary
alloy Fe(Cu)Pt and the absence of Cu segregating along the grain
boundaries of the L1,(FePt) phase[17]. In addition, the shift of the dif-
fraction peak FePt (001) toward the bigger angles is also serves as evi-
dence of the introduction of copper atoms into the face centred tetrag-
onal lattice of the L1,(FePt) phase with substitution of Fe or Cu atoms
[18]. The diffraction peak (001) of the L1,(FePt) phase after the an-
nealing at 700°C for the multilayer films [Fe;,Pt;,(15 nm)/intermedi-
ate Cu(7.5 nm) layer/Fe;,Pt;,(15 nm)], (where n =1, 2) shifts by 0.539°
(n =1) and by 0.579° (n = 2), respectively. After the annealing at the
temperature of 700°C of the multi-layered films [Fe;,Pt;,(15 nm)/in-
termediate Cu(7.5 nm) layer/ Fe;,Pt;,(15 nm)], during formation of
the ternary compound Fe(Cu)Pt the highest copper concentration
(=25%) is observed after high temperature annealing in compositions
with sublayer and upper copper layer. The absence of all reflexes of the
L1,(FePt) phase can be explained by that the parameter a does not
practically change.

The change with annealing temperature of the electrical resistance
of the films under investigation and its comparison with the film of the
pure Fe;,Pt;, alloy is presented in Fig. 5. As one can see, for all films
with the additional copper layer, regardless of its location within the
film composition, the increase of the electrical resistance after anneal-
ing at the temperature higher than 600°C is observed. It can be con-
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Fig. 5. Dependences of relative electric resistance of [Fe;,Pt;,(15 nm)/Cu(7,5
nm) intermediate layer/Fe;,Pt;,(15 nm)], (where n = 1, 2), Fe,;,Pt;,(15 nm)/
Cu(7,5 nm) underlayer, and Cu(7,5 nm) top layer/Fe;,Pt;,(15 nm) films on
annealing temperature.
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#

Fig.6. AFMimages of Fe;Pt;,(15 nm)/Cu(7,5 nm) intermediate layer/
Fe,,Pt;,(15 nm) (a—c) and Fe;,Pt;,(15 nm)/Cu(7,5 nm) underlayer films (d—f)
surface morphology after deposition (a, d) and thermal treatment at tempera-
ture of 700°C (b, e) and 900°C (c, f).

nected with the diffusion of copper in the grain boundaries and in the
lattice of FePt [12] and formation of the ternary compound Fe(Cu)Pt
[17].

The morphology of the surface of all investigated films changes no-
ticeably with the annealing temperature increase from 300 to 900°C.
Photos of the morphology of the surface of the films Fey,Pt;,(15
nm)/intermediate Cu(7.5 nm) layer/Fe;Pt;(15 nm) and Fe,,Pt;,(15
nm)/intermediate Cu(7.5 nm) layer after deposition and annealing in
vacuum are presented in Fig. 6.

As seen from Fig. 6, a and Fig 7, a, the surface of the deposited films
is practically smooth. The annealing temperature increase is accompa-
nied by the growth of surface roughness of the films, in particular,
with the intermediate layer of copper (see Fig. 7, a), in which noticea-
ble growth of grains of the L1,(FePt) phase during annealing at the
temperatures higher than 600°C is observed (see Fig. 7, b). It is con-
nected with the formation of the L1,(FePt) ordered phase and also with



496 Yu. M. MAKOGON, O. P. PAVLOVA, S. I. SIDORENKO et al.

= 12 —o=— Intermedium layer Cu(1x7,5nm) 50 —o0— Intermedium layer Cu(1x7,5nm)
S 104 == Intermedium layer Cu(2x7,5nm) —eo— Intermedium layer Cu(2x7,5nm)
] —u=— Top layer Cu(7,5nm}) =1 40 Top layer Cu(7,5nm)
Qg {—v— Interlayer Cu(7,5nm) A ﬁh —v— Interlayer Cu(7,5nm)
2 @ 30 |—i— CcuOnm)
5 61 ‘u / /A
g g =]
gé 4 8 ’__%,_._.A
—
‘E 2 10 ‘Eﬁ _A>‘G::_G
A 0 'ﬂ T T T 0 7/ T u T T T T T u T ™
0 200 400 600 800 0 100 500 600 700 800 900
T, °C T,°C
a b

Fig. 7. Dependences of surface roughness (a) and grain size on annealing tem-
perature for FePt phase (b) in [Fe;Pt;,(15 nm)/Cu(7,5 nm) intermediate lay-
er/Fe; Pt;,(15 nm)], (where n=1, 2), Fe,;,Pt;,(15 nm)/Cu(7,5 nm) underlayer,
and Cu(7,5 nm) top layer/Fe,,Pt;,(15 nm) films on SiO,/Si(001) substrate.

the absence of copper segregations on the grain boundaries, which in-
hibit the grains growth. In the films with the upper and lower Cu layer,
in which the formation of the ordered phase is not observed, and the
Fe(Cu)Pt ternary compound is formed, the grain size changes insignif-
icantly. One can suppose that copper, which is located on the grain
boundaries, suppresses the grain growth.

Magnetic force microscope (MFM) images of the films with the in-
termediate copper layer [Fe; Pt;,(15 nm)/intermediate Cu(7.5 nm) lay-
er/Fe;,Pt;,(15 nm)], (where n =1, 2) demonstrate labyrinthine domain
structure after annealing at the temperatures of 700°C and 900°C (see

Fig.8. MFM images of [Fe;Pt;(15 nm)/Cu(7.5 nm) intermediate layer/
Fe;,Pt;o(15 nm)], film after annealing at temperatures of 700°C (a), 900°C (b).
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Fig. 8). MFM images of the multilayer film [Fe;,Pt;,(15 nm)/interme-
diate Cu(7.5 nm) layer/Fe;,Pt;,(15 nm)], are presented in Fig. 8 as an
example. It bears witness of the magnetically hard properties of the
films under investigation. It is seen that the annealing temperature
growth is accompanied by the growth of domains.

The films with domain structure demonstrate maximal values of the
coercive force after annealing at the temperature of 900°C (see Fig. 2).

Consequently, the decrease of the ordering temperature in the films
with one and two intermediate copper layer by 200°C (from 900°C to
700°C) in comparison with the films with the upper layer and sublayer
of copper can be connected with the higher influence of the surface en-
ergy on the Fe, Pt;,/Cu interface as the extra driving force of the pro-
cesses of the diffusion phase formation, on one hand. On the other
hand, one can suppose that after the high temperature annealing in the
films with the upper and lower additional copper layer the elevated
copper concentration (250 at.% Cu) as compared with films with in-
termediate copper layers (=25 at.% Cu) does not contribute to the de-
crease of the ordering temperature, however, causes the formation of
the FeCuPt ternary compound. This conclusion is in good agreement
with the results of work [17], where it is stated that the copper concen-
tration of 15 at.% is the most efficient for the decrease of the ordering
temperature.

4. CONCLUSIONS

It is established that the introduction of the additional layers of copper
with low surface energy into the film compositions differently influ-
ences over the start temperature of the ordering process.

Formation of two or more interfaces in the film composition
[Fe;oPt;(15 nm)/intermediate Cu(7.5nm) layer/Fe;Pt;,(15nm)],,
where n = 1, 2, contributes to the reduction of the ordering tempera-
ture by 200°C (from 900°C to 700°C) as compared with the film with
the upper copper layer. Formation of the chemically ordered L1,(FePt)
phase is accompanied by the sharp increase of the coercive force of the
films after annealing within the temperature range of 600—-900°C.

The formation of the L1,(FePt) phase in the film with the copper
sublayer is not established radiographically. However, the increase of
the coercive force after annealing within the temperature range of
800-900°C can give evidence of the ordering process passing.
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academic exchange (DAAD) within the framework of the Program
named after L. Euler (grant No. 55576194). The authors enclose their
gratitude to the colleagues from the Chair of Physics of Surface and
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