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Investigation of Magnetic Properties in [Co/Ni]-NiFe Exchange Spring Magnet

Sunjae Chung*
Department of Physics Education, Korea National University of Education, Cheongju 28173, Korea

Johan Akerman
Department of Physics, University of Gothenburg, 412 96 Gothenburg, Sweden

(Received 5 February 2021, Received in final form 9 February 2021, Accepted 10 February 2021)

We investigate the magnetic proprieties of [Co/Ni]-NiFe exchange spring magnets having 1) different thick NiFe layers, 2) two
different stack sequences, and 3) different thick Cu spacer between [Co/Ni] multilayers and NiFe layer. We show that the
magnetization tilt angle can be tuned from out-of-plane (OOP) to in-plane (IP) by varying the NiFe thickness (fir.) larger than
tuire = 1.5 nm, while similar transition occurs from thinner Ay, when NiFe layer was deposited earlier than [Co/Ni] multilayers.
Finally, we insert Cu spacer between [Co/Ni] multilayers and NiFe layer to figure out how strongly these are coupled. We find the
rapid decoupling behavior as a increase of Cu spacer thickness (#c,) between 0.5 and 1.3 nm.
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Fig. 1. (Color online) Schematic illustration of the detailed sample structures of (a) [Co/Ni];Co/NiFe film stack, (b) NiFe/[Co/Ni],Co film stack,
and (c) [Co/Ni]4Co/Cu/NiFe film stack. Applied field is defined to out-of-plane (OOP) and in-plane (IP) as described.
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Fig. 2. (Color online) (a)~(d) show the OOP and IP normalized hysteresis loops as a function of #y, respectively. (a) and (b) are obtained from

[Co/Ni]/NiFe films, while (c) and (d) are from NiFe/[Co/Ni] films.
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Fig. 3. (Color online) The normalized OOP remanence (Mem/Msy) as a
function of #yr.. The black rectangle are achieved from [Co/Ni]/NiFe
film stacks, and the red circles are from NiFe/[Co/Ni] film stacks.
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Fig. 4. (Color online) (a) show the OOP normalized hysteresis loops
as a function of f¢, from [Co/Ni];Co/Cu/NiFe film stacks. (inset) is
enlarged figure to show full saturation of all films stacks. (b) shows
the normalized OOP remanence at (M./Msy) as a function of #ype
with a guide line of B-spline.
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