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B1  (WPIE®E) (a) Pt(tp)/[Co(0.2)/Ni(0.5)]2/
Co(0.2)/Pt(2.0) Iy & /& i £&; (b) Pt(tpy)/[Co(0.2)/
Ni(0.5)]2/Co(0.2) /Pt(2.0) HIZE /K HL B K Jrmi /1

Fig. 1. (color online) (a) Hall loops of Pt(tpt)/
[Co(0.2)/Ni(0.5)]2/C0(0.2)/Pt(2.0); (b) Ryan and He
of Pt(tpy)/ [Co(0.2)/ Ni(0.5)]2/Co(0.2)/Pt(2.0).
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2 (MTIEf) (a) Pt(2.0)/[Co(0.2)/Ni(txni)]2/

Co(0.2)/Pt(2.0) Iy & /K i £&; (b) Pt(2.0)/[Co(0.2)/

Ni(tni)]2/Co(0.2) /Pt(2.0) FIEE /K H B K Jrmi 1

Fig. 2. (color online) (a) Hall loops of Pt(2.0)/

[Co(0.2) /Ni(tni)]2/ Co(0.2)/Pt(2.0); (b) Rgan and

Hc of Pt(2.0)/ [Co(0.2)/ Ni(tn;)]2/Co(0.2)/Pt(2.0).
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Fig. 3. (color online) Hall loops of Pt(2.0)/[Co(tco)/
Ni(0.4)]2/Co (tco)/Pt(2.0).
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Ni(0.4)/Co(0.2) with field applied in plane.
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Perpendicular magnetic anisotropy in Co/Ni multilayers
studied by anomalous Hall effect”

Ju Hai-Lang"?  Li Bao-HeP! Wu Zhi-Fang? Zhang Fan? Liu Shuai® Yu Guang-Hua?

1) (School of Science, Beijing Technology and Business University, Beijing 102488, China)
2) (Department of Material Physics and Chemistry, University of Science and Technology of Beijing, Beijing 100083, China)

( Received 24 October 2014; revised manuscript received 11 December 2014 )

Abstract

Co/Ni multilayers with Pt underlayers have been prepared by magnetron sputtering technique, and their perpen-
dicular magnetic anisotropy (PMA) was studied by the anomalous Hall effect (AHE). The PMA of the samples can
be studied by the intensity of Hall signal (Rgan), remanence ratio (M;/Ms), coercivity (Hc) and the squareness of the
samples in the Hall hysteresis loops. A clear PMA is observed in the as-deposited amorphous Co/Ni multilayers. The
PMA of Co/Ni multilayers is strongly dependent on the thicknesses of Pt, Co, and Ni, and the number of Co/Ni bilayers.
After testing, the thicknesses of Pt, Co, and Ni, and the periodic number (n) of Co/Ni bilayers are determined to be
2 nm, 0.2 nm, 0.4 nm and 1 respectively. The optimum Co/Ni multilayer with excellent performance of PMA has a
structure expressed as Pt(2)/Co(0.2)/Ni(0.4)/Co(0.2)/Pt(2). The hysteresis loop of the sample with the field applied in
plane is tested, showing the characteristics of hard axis typically. PMA can be measured by the anisotropy constant Kegr
which is determined by the competition of the interface anisotropy to the volume anisotropy. If the interface anisotropy is
dominant, the sample will have PMA. The anisotropy constant K of Pt(2)/Co(0.2)/Ni(0.4)/Co(0.2)/Pt(2) is 3.6 x 10°
J/m?, illustrating that it has an excellent PMA, and the interface anisotropy of Co/Ni is the main factor that makes
Ko a larger value. Since the thickness of magnetic layer in the optimum sample is only 0.8 nm and the total thickness
of it less than 5 nm, the integration of the device can be studied further. Furthermore, the coercivity of an optimum

Co/Ni multilayered sample is relatively small and can be increased by inserting an oxidation layer or by other ways.
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