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Hysteresis asymmetry in domain wall trap memory

S. Bance, T. Schrefl, D. A. Allwood, G. Hrkac, Ao&harov, J. Dean, M. Bashir.

symmetry in the cell structure and an asymmetmh@vortex
[. INTRODUCTION chirality. We find that the memory can be desigsedthat
Domain wall trap (DWT) magnetic random access mgmoiPractical margins between switching field and domaall
(MRAM) aims to address some of the issues assatiaith expulsion field exist.
traditional MRAM designs, for instance high switegifields

and irreproducible switching mechanisms [1]. In DW @ A pepimingfield | Glockewise vortex -
MRAM a domain wall is moved between two stable fioss B B m strongly pinned

in order to switch the magnetization in only thatcal region

. . 0
of a permalloy nanowire (Fig. 1a). 0 ¥
100 i
“ M ETHOD ) v 0] Anticlock-wise vortex =i I I +1.0
We wuse hybrid finite element/boundary elemenS © Q Weakly pinned —_—

micromagnetics [2] to calculate the minimum de-pign 40
switching and expulsion fields, for clock-wise (Cvénd
anticlock-wise (ACW) vortex domain walls (VDWs) at e
domain wall trap in a DWT MRAM cell previously suegied Domain wall type
by Brownlie and co-workers [3]. The 10 nm thin¥fiNiggFex i o ) ) ) )
llov cell is 100 nm wide in its narrowest fmt Fig. 1 Data confirming an asymmetry in the switchbehavior of domain
permalloy . T . ) . wall trap memory due to vortex domain wall chisatig) The minimum de-
For M-H hysteresis loop measurement an applied field iSpinning, switching and expulsion fields for both GMtd ACW VDWs are
ramped slowly along the positive and negative dinacalong given, showing practical margins between switchémgl expulsion. (b)

. o The difference in de-pinning fields is explained aaproduct of the side
the long axis. The magnetization of the total mgmeell region (“A”) of the memory cell influencing the grnhal structure of the

volume is measured. domain wall (particularly “C”) and altering the dsange energy reduction
at the trap site. Magnetization is indicated usimpws. (Color online).
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We observe asymmetric switching fields for differeartex 015 - -" .
domain wall chiralities (Fig. 1a), confirming expaental - ﬁ - . .
results obtained by Brownliet. al. [3]. The domain walls 0.10 |- /T:)\
experience a pinning potential at the traps duwereduction in A
exchange energy, which is a result of the localicédn in the 005 -
domain wall angle. At the left hand trap positisthe CW
vortex experiences a larger exchange energy redudtie to
similar alignment and subsequent growth of the hednd
portion of its internal magnetization structure hwithe
magnetization of the neighboring side region of themory
cell. In contrast, the internal region of the AQWIs un-like ™~ (‘-\ |
alignment with the neighbouring part of the wiredaso the sk - 0
internal domain wall region shrinks and the excleaegergy e
reduction is less significant. 40 35 -30 -25 20 <15 -10 -5 0 5 10 15 20 25 30 35 40 45
The hysteresis loop is asymmetric around the o(gig. 2) H_(Oe)
due to the lower de-pinning field and different esmance
position of the ACW VDW and is further complicategt a Fig. 2 The hysteresis plot shows an asymmetrip,ldae to a larger pinning
central magnetostatic pinning potential which (mgés from potgntial for thg CW VDW a_lt the left hand trap. c@ntral pinning potential
the side sections of the memory cell. This pogritihibits ~MNPIts the motion in thex-direction. (Color online).
particularly the motion of the ACW VDW so that the
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switching field is higher than the de-pinning figlBig. 1b). REFERENCES
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