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B kxauecTBe acopOLIMOHHBIX IIEHTPOB HAMU BHIOMPATHCH ATOMBI CIIOEB U IIEHTPHI
rekcaroHoB. Mosekysa BO/IbI MOIIaroBo NpuoInkKaiack K BBIOpaHHBIM IIEHTPaM C Ia-
rom 0,1 A. B pesynsrare ObLIM HOCTPOEHBI HPOGUIH MOBEPXHOCTH HOTEHIMATLHOM
SHEPTUM B3aUMOAeHCcTBUA cioeB U Moiekynsl H20. Onpenenensl sHEPTUM aacoponuu
Y PACCTOSIHUSA afcOpOLMU JJI Pa3IMYHbIX MOJ0KeHUH (puc. 1).

Jlnist GopHOTO ci105 paccTosHue ancopouun (R,,) cocrapnser 2,64 A u 2,70 A nns
MOJIO’KEHUI HAJl aTOMOM U HaJl [ICHTPOM T'e€KCaroHa COOTBETCTBEHHO, IIPU 3TOM JHEP-
rust agcopouuu (E,;) 11 o6oux BapuaHTOB COCTaBIsAET MpuoIu3uTeasHo 7,45 3B.
Taxke ObUT MPOU3BE/ICH aHAIN3 U3MEHEHUS IIUPUHBI 3aPEIICHHON 30HbI KOMIUIEKCOB
(Eg) B 3aBUCMMOCTH OT HaJIM4MsI BOJHOM MOJIEKYJbl HA UX TIOBEPXHOCTH.
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In this work we fabricated an array of Co nanowires embedded into a relatively thin an-
odic alumina matrix placed on top of functional ferromagnetic thin film. Magnetic properties
of such a hybrid magnetic structure were studied and compared to Co nanowires grown in a
bulk anodic alumina template.

Magnetic nanowires are representative of a novel class of magnetic materials with
shape-driven properties, which includes 3D curved magnetic nanostructures and na-
noscale patterned films [1]. Nanowires attract much attention due to multiple prospec-
tive applications in magnetic sensors and biotechnology [2], novel magnetic memory
[3] as well as fundamental research [4]. Here we synthesized and studied short Co nan-
owires embedded into a thin alumina film deposited on top of functional magnetic film.
Such array of short magnetic nanowires (or nanopillars) can be considered as a

228


mailto:nikita.kulesh@urfu.ru

OTN-2020

promising candidate for multiple applications ranging from magnetic memory and
logic to magnetic biosensor.

Thin conducting film of Fe;oNigy (40 nm) (magnetically active layer) or Cu (40
nm) (reference layer) and Al (500 to 800 nm) were sequentially deposited onto the
glass substrate by magnetron sputtering. The aluminum layer was anodized by two-
stage process using electrochemical cell at room temperature and 40 V. Thin Fe20Ni80
or Cu layer was used as an anode, Pt grid was used as a cathode, and 0.5 M aqueous
solution of oxalic acid was used as an electrolyte. Barrier layer thinning protocol was
used so AC electrodeposition can be used without the need for a complete oxide layer
removal [5]. Co nanowires were grown using an electrolyte containing CoSO4 as a
precursor and boric acid to adjust the pH. Morphology of the samples was studied using
scanning electron microscopy (SEM). Magnetic properties were studied using vibrat-
ing sample magnetometer and magnetooptical Kerr-microscope.

First of all, we ensured that the conducting thin Fe,oNig layer can be used as stop-
ping layers for complete anodization of Al. Comparison of hysteresis properties meas-
ured on a single-layer FeyoNigo film and Fe,oNigy layers with partially or completely
anodized top Al layer revealed that no magnetic properties change can be detected if
Al is anodized partially, whereas significant coercivity rise was detected if Al layer is
anodized completely. At the same time no significant degradation of Fe,oNigy magnet-
ization was detected even if Al is anodized completely, which indicates that the process
of anodization stops at the interface. The fully anodized aluminum film deposited onto
the Fe,oNig layer is shown in Fig. 1.

Anodic alumina

300 nm Glass substrate

Puc. 1. SEM image obtained on a cleavage of porous anodic alumina film on top of a
thin Fe,oNigg layer. The prolonged cylindrical tubes were used for subsequent electrodeposi-
tion of Co nanowires. False colors are added for enhanced contrast between different mate-
rials

For comparison of magnetic properties of Co nanowires fabricated at different con-
ditions we used magnetic nanowires deposited into bulk anodic alumina foils and into

229



OTH-2020

the anodic alumina film on a thin Fe,oNigy or Cu layer. The last one allowed us to per-
form a direct comparison with no additional magnetic respond from a magnetic film,
whereas nanowire array obtained on the Fe,Nig, film was used to take into account the
magnetostatic interaction between the magnetic film and nanowires. As magnetic mo-
ment the thin film was relatively weak, Kerr microscopy was used for more in-depth
study of hysteresis properties and magnetic domain structure on Fe,oNigy film.
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