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Spin Orbit Torques in Permalloy Films with Shape-Induced High-Order Magnetic Anisotropy
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Multispin-Al: N-ary spintronics-based edge computing co-
processor for artificial intelligence
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» This study is part of an effort to develop a new type of spintronic crossbar for Al
computation. While current spintronic crossbars use binary magnetic tunnel junctions @ - - — '
A g Zigzag” switching:

Scanning electron microscopy and basic characterization SOT-based field-free switching between all types of states

(MTlJs), our goal is to use multi-state MTJs. We expect that the use of such MTJs will
increase the computation speed and improve its energy efficiency dramatically.

Driving current pulse

in vertical arm

0.03 YT YT
1 o
0.02k § 4

0.01f

S o000} |
£ 001} .
X 002} v 02
-0.03 :P?“O.OOOQOQQG'“C‘GO?Q ; : _ 22N states
0 10 20 30 00 ‘év\
No. of puise = o1l was * T o OD+SS+NS
o *
< 02f Todia 180 states
006': ° °°°°°°°°°°°°°°¢°°°°°°°° 003 b
1 0.04 + Driving current pulse 00 01 02 03 04 O 5
— AR Sll’l(z e) a\ sl in horizontal arm H (Oe)
2 = ..
d (e) T 000}
0.15 . ( . ) . 0.05 g y g 0.05 ; - 0.02}+
& g% é@) & 004>?“°“Q . 9y ‘.'0“0 ?QUOQ?OOOUﬂ o
0.1} g Q - _ Q O e 10 20 30 40 50 /4e|| =
s ! g % s car,gz)m @%@@% . 0.03 | No. of pulse C o9 Neel
~ 005[° 0 - = R e 9 _ | \ /’\ \ states /
S o ? % % S 001p qé o b i & o001F ° | 5 | . 010 o i Qates / N
\;-l 0 m@@m w (5 Q (’) (\? ‘l:.l > ( , T 0.05f @ 2 g —_— e” =\ \\
2 5 1 = I @ | ¢ & g | i Simulation S oof © N / \
= 0.0 7 g - o 001 T 9 i(<?> | ot 001 ' i e % el 4 . 64 ~ Staggered
T “ \ " : : X i i . T 005} et / /
Q5 o g%@mo : illustration: N | Qtate% . states
Q el : ] O O -0.10 R
041} 5 9 -0.03 Q & O § -0.03 - 10 7 2ell N
%@989 %@ 0AS=E ) (1110) (1100) (1000) (0010) (1001) (1011)  (0101) ( 16
.0.15 : : : -0.05 : ' : .0.05 : : \ - o B \ ordinary |
0 90 180 270 360 0 90 180 270 360 0 OSs SSs states A A
8 A — \_ states
PH Yu
\‘\_‘____ S. Das, A. Zaig et al, Appl. Phys. Lett. 116, 262405 (2020).

Micromagnetic simulation fully mapping the two- The integration of the elliptical structures in MTJ —

crossing ellipses structures multi-level MRAM The spin-orbit torque phenomenon and the harmonic Hall Giant response to SOTs in the low-field limit of the second
order harmonic signal
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characterization measurements
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harmonic Hall voltage measurements which are typically employed ellipse structure (c)
to determine the current-induced SOTs in HM/FM heterostructures () / = Stoner model

» To investigate the spin-orbit torque (SOT) we have performed The magnetic dynamics of the single First-order harmonic of single, two-crossing, and three crossing ellipses Second-order harmonic of single, two-crossing, and three crossing elllpse\
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Hall term, and we present its behavior above and below the critical
value ?f Hy. .Glant response of the uniaxial magnEt.IC d(.)mam to the »While the first-order harmonic Stoner’s simulation matches closely to the experimental data, the »These findings challenge existing assumptions regarding SOTs and open the door to further exploration
SOTs is confirmed by the second-order harmonic signal at the second-order harmonic shows a much lower degree of agreement with our previous formalism. of non-uniform magnetic systems in the context of SOT research.

magnetic transition between the two easy axes, when H,,.; < Hy.

» Current research: Recently, we have found out that the first-
order harmonic matches well with the assumption that the non-
uniform magnetization can be replaced by the average
magnetization, however, in the second-order harmonic Hall
measurement this assumption fails.
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» Current Breakthrough: The results suggest that the effect of 5 1 1 1
non-uniformity on the SOTs should be considered, both ’ ® ;; e -
experimentally and theoretically.
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