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1. ®azoBuii ckiafl, CTPYKTypa i MarHiTHI BIaCTUBOCTI HAHOPO3MIPHUX IJIiBKOBUX KoMIto3uliii FePt 3 mogaTkoBumMu

mapamu Au

2. Phase composition, structure and magnetic properties of nanoscaled FePt film compositions with additional Au
layers

Pedepar:

1. Inceprauifina po60oTa IpUCBIYeHa BU3HAUEHHIO 3aKOHOMIpHOCTel GopMyBaHHs (asoBOro CKIany, CTPYKTYPH i
MarHiTHUX BJIaCTMBOCTEN B HAHOPO3MipHUX ILIiBKax FeS0Pt50-Au Ta 6araTomaposux komnosutisix [Pt/Feln (n =1,
4, 8) Ha nigxyagkax SiO2(100 um)/Si(001) Ta Al203 (1010) npu TepmivHUX Bifnanax. BctaHOBIEHO, O
KOHTPOJIIOIOYY PiBeHb MEXaHIYHUX HAIIPY>KeHb Ta ix 3HaK y mapi Fe50Pt50 3MiHEeHHSIM TOBIMHYU, pO3TallyBaHHS,
KiJIbKOCTi I04AaTKOBUX 11apiB Au, MIBUAKOCTI HarpiBy Ta arMmocgepu npu Bifgnai (BakyyM, a30T, BOJIEHb), MO>KHA
KEpyBaTH NIPoLieCaMi YIIOPSIAKYBAaHHS Ta (POPMYBaHHSIM (Pa30BOro CKiIady, CTPYKTYpY Ta MarHiTHUMU
BJIACTMBOCTSIMMU B IJIiBKOBMX KOMITO3ULiSIX. 3aCTOCYBaHHS BOJHEBOI TEPMOOOPOOKY IPHUCKOPIOE MIPOLieCU
yIOpsIKyBaHHS B ItiBkax Fe50Pt50 /Au/Fe50Pt50 nopiBHSIHO 3 Bifi[lajloM y BaKyyMi 3a paXyHOK CTBOPEHHS



IOJATKOBUX CTUCKAIOYMX HAIIPY>KEHb [1PY BTiJIEHHI aTOMIB BOJHIO Y IIyCTOTU KPUCTali4yHOi rpatku (pasu L10-FePt.
[Tpu poMy Bich JIerkoro HamarHiuyBaHHs ¢ y 3epHax (azu L10-FePt posramoByeTbcs y IIOMKMHI IITiBKY. [IBUAKUT
TepMiYHUI Binnas niiBkoBux komnosutiit [Pt /Feln (ne n=4, 8) Ha nigknaaxax SiO2(100 um)/Si(001) B atMocdepi
a30Ty NMPU3BOJUTE 4O OPiEHTOBAHOrO POCTY 3epeH (asu L10-FePt 3 Biccio j1erkoro HaMarHiuyyBaHHs C,
PO3TaloBaHOIO B HaNpsaMKy [001], neprnenanKyISpHOMY IIOMMHI M1iBKU. KJII04O0Bi C10Ba: HAHOPO3MipHi IJTiBKY,

Bifmnas, BnopsakoBaHa ¢asa L10-FePt, mogaTkoBuii map Au, KoepIuTHBHA CUJIA.

2. The work is devoted to definition of the phase composition formation regularities, structure and magnetic
properties in nanoscale Fe50Pt50-Au films and multilayered [Pt/Fe]n (n = 1, 4, 8) compositions on SiO2(100
nm)/Si(001) and Al203 (1010) substrates at thermal annealings. It is established that by supervising of mechanical
stresses level and their sign in Fe50Pt50 layer by change of a thickness, location, quantity of additional Au layers
and annealing conditions (temperature, duration, speed of heating and atmosphere o vacuum, nitrogen, hydrogen)
one can operate by ordering processes and phase compound formation, structure and magnetic properties of film
compositions. The variations in residual stresses/strains level and sign in the FePt layer of as-deposited films
influense the change in the ordered L10-FePt phase formation temperature, structure and the coercivity in the film
compositions. Increasing the level of compressive stresses in the Fe50Pt50 layer causes a decrease in the ordering
temperature and improvement of the magnetic properties. It is established that oriented grain growth with c-axis
of easy magnetization in the [001] direction perpendicular to the film plane at annealing in vacuum occurs in films
with a smaller thickness of the intermediate Au(7.5 nm) layer due to the higher level of compressive strains in the
deposited films. Increasing the thickness of the Au layer to 15 nm and reducing the level of compressive
deformations contributes to the growth of FePt grains with the c-axis of easy magnetization in the plane of the
film. The same orientation can be achieved by increasing the thickness of the intermediate Au layer to 30 nm. It is
revealed, that application of hydrogen heat treatment accelerates ordering proce sses in Fe 50 Pt 50 /Au/Fe 50 Pt
50 fi Ims in comparison with annealing in vacuum at the cost of creation of additional compressi ve stresses caused
by introduction of hydrogen atoms in to L 1 0 FePt phase crystal lattice voids Thus the c-axis of easy magnetization
in L10-FePt phase grains is located in the film plane. Hydrogen treatment allows to obtain higher values of
coercivity (27.3 kOe) in Fe50Pt50 /Au/Fe50Pt50 film compositions at a lower annealing temperature of 700 °C than
at annealing in vacuum (900 °C), due to the intensive penetration of hydrogen atoms into the film. It was
determined that due to the action of the compressive stress during the diffusion of gold along the grain boundaries
and the increase in the number of interfaces in films with an intermediate Au(7.5 nm) layer, the ordered L10-FePt
phase formation temperature the can be reduced compared to the other Au layer location. In the films with
various Au layer location (top, intermediate, under-) separated from the substrate, the same tendency of the Aln L 1
0 phase transformation temperature changing as in the films on the substrate is remained: the ordering
temperature is lower in film with intermediate Au(7.5 nm) layer then in Au/Fe 50 Pt 50 and Fe 50 Pt 50 Au films In
this work it is also shown that the increase in the number of interfaces in [Pt /Fe]n film compositions, where n = 1,
4, 8, while maintaining the total film thickness, promotes the activation in diffusion processes and the formation of
the disordered phase Al-FePt in the composition [Pt/Fe]4 and partially ordered regions with tetragonal distortions
in the [Pt /Fe]8 composition already during deposition. Rapid thermal annealing of [Pt /Fe]n film compositions
(where n = 4, 8) on Si02(100 nm)/Si(001) substrates in nitrogen atmosphere leads to the oriented growth of L10-
FePt phase grains with a c-axis of easy magnetization, located in [001] direction, perpendicular to film plane. The
recommendations for controlling the stress state, the reduction of the temperature of the ordered L10-FePt phase
formation, the obtaining of c-axis of easy magnetization oriented perpendicular or parallel to the film plane in the
film based on FePt, application of which by thermal activated method will allow to increase the magnetic recording
density and storage information were developed. Key words: nanoscaled films, annealing, ordered L10-FePt phase,
additional Au layer, coercivity.
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