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Spin Orbit Torque-Driven Magnetic Domain Wall Majority Gate
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We propose a universal spintronic logic device based on the current-induced magnetic domain wall (DW) motion. The majority gating
operation is demonstrated by micromagnetic simulation using spin-orbit torque (SOT)-driven DW motion in Hall bar structures with
perpendicular magnetic anisotropy. The logic gates including AND, OR, NAND, NOR are demonstrated, indicating the universality of
DW majority gate. The simulation is partially confirmed by experiment, in which we found that the asymmetry in DW motion induced by
Dzyaloshinskii-Moriya interaction or local Oersted field can cause the device malfunction. Our result suggests that the DW motion can be
used not only in memory device but also in logic device, which could be useful in future processing-in-memory computing technology.
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Moriya interaction
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=2 (NAND), 74 =2IHNOR)S] =¢] Siito] 57 7hedhe AlEelolds B Swsilnt. At w=elashs 49
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T A WS B A7 Avke A AP viEeRt oje} meliAlE s AR TFede HolF, wet
o5 Ao 7ol Z2AY Q1 HIEE (processing-in-memory) HFES] AA7IEE AHEE e AN

FH0 23 =] 24, vl ARIE, ASE FY, A, S BA, ARSI Reof ks
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Aol K9] AFE= 27| X (Processing Unit)o} W =2
A (Memory unit)Z ©FoF Z o7t Z(von Neumann
architecture)s WHETE 3£ 0|k oA A2 = =
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Fig. 1. (Color online) (a) Diagram of the majority gate. (b) Truth table
of majority gate (c) Diagram of the inverted majority gate. (d) Truth
table of inverted majority gate.
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Fig. 2. (Color online) (a) Schematic illustration of domain wall
motion-based majority gate. (b)~(d) Simulation results of spin-orbit
torque-driven domain wall motion (scale bar: 100 nm), (e)~(g)
Experimental results of spin-orbit torque-driven domain wall motion
obtained by MOKE microscope (scale bar: 10 pm).
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FolollA @o] AME3h= P/CoFeB/MgO2] <=2] oS- 7}
71 Alz=Elolm[14,15], AlEdo)dol ARESE EeldgEe
23 2tk M, =560 x 10° A/m, K, =600 x 10° J/m?, A=
1.3x10" J/m, D=0.5x1072Jm?, a=0.6, 0,=0.1. 97|
NN ME F3AE}, KE Ao oluRA] e, 45wl
S A=, De FREAXT|HEok AT AE A7), o= A
71 7 A, g 20E AT EA AR AEE 23
AT A7MIE et AlEd|o)del AR AlFle]
Z+= Fig. 2(a)9} 22 AR} 72019, Fo] 50 nm, g+ 7}
2] Zo]7} 175 nme|t}.
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Fig. 3. (Color online) Simulation images of logic initial states (a)~(h)
and logic final states (i)~(p).
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domam"] EAPE oolar Fesld Fig. 3G)~(p)ell YEM
Ak, ol2fgt Aol wet Fig. 39 S =ex=E vehl
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Fig. 4. Experimental results of logic initial states (a)~(h) and logic
final states (i)~(p).
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Fig. 5. (Color online) (a)~(d) Simulation images with time step of 0.01 ns for input [100]. (e)~(h) Simulation images with time step of 0.01 ns for
input [001]. (i) Schematic representation for [101] input when the domain walls are on the cross section of Hall bar. (j), (k) MOKE image for input
[100] with initial magnetization along — z (j) and [001] with initial magnetization along + z (k)
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31, Fig. 5(kpelA Re A 2o] 7] 48 A= +2 &
sroz WgE, C Qo Sole ATHo] ene o
S TRIF 5 3 ol AFHA A A o
57 2A)9) B 2Ael 27 9 vl ofa b
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& AAKITE T, DMI 217 B} 9 Sl2El A71Re
719 ABAONE B3l WFE s, WA 47}
(electron beam lithography) A0S ©]-83F Y=r|g =7]9]
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woE she 28 g 249 AP e 248 AL
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A0 TR EF AT U 28] 271
ABs) Q2 sl e, weE, ¥ wed, ¥
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AESGeR, 7 sk DMI R 9229 71l SfFk A
T VI ol 24 OAES Ao F %S Bk
web, A7 o 2Ajel RS Sshte e gas
A B9 28 9 v B 5o FhEe 4t Bag

Aoz Azkert.
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