Tuning writing magnetic fields in multi-state storage media
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Antiferromagnetic/ferromagnetic (AF/FM) bilayers exhibiting both negative and positive
exchange bias have been proposed as multi-state storage media [1]. In such media the same
magnetic region or element can store more than two digits. Thus, a track length comprising 8
magnetic elements stores up to 2° = 256 bytes in regular media, whilst in a threefold multi-state
system it could store up to 3% = 6561 combinations, that could be called Tits (Ternary Digits). A
multi-state digit is defined by the remanent magnetization (Ms) of the magnetic element. Ms is
determined by the external field (Hrc) applied while cooling the AF/FM bilayer through the AF
Néel temperature. A low Hec yields a FM hysteresis loop with negative exchange bias providing
a state with the highest Ms value (Fig. 1, Hec = 0.5 kOe). High Hec leads to a loop with positive
exchange bias giving a digit with the lowest Mg (Fig. 1, Hec = 5.0 kOe). States in-between can
be defined either by a fractional value of Mg or even by a null remanence, by applying
intermediate cooling fields (Fig. 1, Hec = 2.0 kOe).

The minimum Hgc necessary to obtain positive exchange bias establishes the magnetic field
required for multi-state storage writing. In continuous thin films it depends on structural
parameters. However, we demonstrate in this work that this minimum Hgc yielding positive
exchange bias can be tuned by patterning the continuous bilayer. It will be showed that both
dots and antidots nanostructures reduce the writing magnetic field of all multi-states. The writing
magnetic field decreases either as the dot size decreases or as the antidot density increases.
[2,3] These findings are explained upon energy considerations of buried and bare pinned

uncompensated spins in the AF.
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Figure 1. Three hysteresis loops of a continuous FeF,/Ni bilayer for different cooling fields.

These cooling fields defined a threefold multi-state.



