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Development of Skyrmion Brownian Devices
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Magnetic skyrmions are vortex-like spin textures that are stabilized due to topological protection
and exhibit Brownian motion in solids. Owing to the high applicability of skyrmions in Brownian
motion as an information carrier, it is expected to be applied to unconventional computers such as
probabilistic and Brownian computing. Some work on how to control the Brownian motion of

skyrmions is introduced in this manuscript.
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Fig.1 Methods of representing information with
skyrmions (a) using presence or absence
of skyrmions (b) using position of
skyrmions (c) using arrangement of
skyrmions.
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Fig.2 (a) Cross-sectional view of magnetic
multilayer configuration. (b) Skyrmion in
Brownian motion observed by MOKE
microscope. (c) Trajectories of skyrmion
in Brownian motion.

[ ZTEE AV & 2 R S S AR R R L2 b
DTHY, 1~2 ymDOKESORNESAF I F
YTHDHo TOAFNVIFLIITIT  ERLTEY,
Fig2 () ZAF NI F DT I VEBOHMM %2R L
Twbe AXNIF YOT Ty VBEOFE S ZRT
IEFAREUEI0 um’/SEEETH > 720 Z OEIZ MO
FIN—=T T L) B REBMETH D, ZDOT LIFE
MO SN HEER T VT 7 ZRETH Y E=
YT EIGERLTWAEEZ LS,

4. ) X)L F > EIEOFK

TS BT A AF NI F L RIEHAEA S L TR
AL, 72N A%EET L72DIZIEAF IV I 4 v 21T
BORFTICHEB S E20, Wk sE720) TE 5 gD
VEE D WHSY IHMEARLREELY 7 A YiRICT
v F v 7 LTI BT 5 L MRS o i
Bl F 2B v v TSIOJE B TR B HED
DOOFFIZLD AF VI 4 VEEEEER L, Zheh
WKBTAAXVIF DT 5 VEBHORT % L L
720 Figl(a) 3Ty F ¥ 72X WML B 7 1
TIRIZM LS 2 FETHERLZZAF VI 4 YR TH
Bo TAXEEST A ETAFI I 4 v 2@ A
(AFNVIFTVF ) EHTEDL, L2L, B
HART A XIZ X BT7EETIE, T4 YIEI R E EI2A
VI F Y OREEDR RIS HRTFig3 (o) IIRT &
I AR (N TR 12 BT IR IS A F
WVIF VNN T v TENLE Vo REERSH L L
Bbhotze €T, keSS B - IZH 51912
SIOEZEMEIET LI EICELDAF VIS V2 F ¥
ANVHIZH UAD L Z & wilhize TOHPETI,
Fig3 (b) IZ/RT &£ 912, SiODMFFE L 7 WERFIZ D A
AFNIFUMBEL, 75 ERE T D 2 LA
RBENTe DF N, EHOMICSIOR BT % ik
Th, Ty F U7X VBEEART AV 2R 2k
ERBRICAF N I 4 Y ORIBEDITBETETVRD E WL
Bo AU, AR FAZERIIHERE S 117281002 £
) TR OB ORI ZAL T 5 Z L TAF LI
FOBECDLRT XY VDRIEALT H7-20TH Y, W
LD EADZ DEALDRIETH 5 W REWNE 2 S
DA, BEL MR EN TV ARV, — 5T, BEgT
AL BHELITELRY, Figd (d) IRT /7T
ZSI0DBMBEEIZ VT 5L, AF )V I4 Uik
BRI T Y TENT, AA—=XIZT T v EH)
THIEDIRENT. TAUL, BINEEIZ X B ED
B, MR T A Y EIER LS EICE L B AR
— T B35 12 X AR WY =V 5 U Wiz T

June/2025 No.86



TECHNICAL JOURNAL

(a) (b)

MagnetilcmlElﬂayeIEI -I Mla_glneticclu?tii?:hl;l' T'

Substrate Substrate

Fig.3 MOKE microscope image and schematic of
cross-sectional image of (a) etched film
and (b) continuous film with patterned
SiO. capping. MOKE microscope images of
(c) etched hub and (d) hub formed by
patterned SiO: capping on continuous film.
Lines depict trajectory of skyrmion.
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Fig.4 (a) Sample configuration of sputtered
films. Filled region (blue) represents
additionally deposited SiO: patterned
layer. (b) Schematic of a micro-fabricated
surface.
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Fig.5 Square size (/) dependence of a magnetic structure. Thickness of the additional SiO. (Af) and the
external magnetic field were fixed at 0.5nm and 0.25mT, respectively.
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Fig.6 (a) Schematic of designed dimension. (b) MOKE microscope image of neighbored two squares confining
two skyrmions. (c) Time-dependent y-position of two skyrmions that are nearest to the gap confined in

the left (red) and right (blue) cells.
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Fig.7 (a) Schematic of cellular automaton
majority gate. (b) MOKE image of
skyrmion majority gate.
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Fig.8 (a) Cross-sectional view and (b) top view of sample configuration. MOKE microscopic images of the
sample at a (c) positive, (d) zero, and (e) negative electric fields applied between the top and bottom
electrodes in the presence of a constant external magnetic field (~0.2 mT) at 48C.
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Fig.9 (a) Top view of sample configuration. (b)
MOKE microscopic image of device at
applied voltage of £5V in presence of
constant external magnetic field (~0.2
mT) at 56C. (c) Histogram of positions of
skyrmion at nearest [labeled A in (b)] to
electrode under positive and negative
electric fields. (d) Histogram of positions
of skyrmion at second nearest [labeled B
in (b)] to electrode under positive and
negative electric fields. (e) Image
obtained by subtracting MOKE image
under negative electric field from that
under positive electric field.
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Fig.10 Cross-sectional and (b) top view of sample configuration. MOKE microscope observation by applying (c)
0V and (d) +10 V between signal and ground electrode shown in (b). Position dependence of the
numbers of magnetic domain wallin (c) and (d).
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Fig.11 MOKE image showing the change of
distribution of skyrmions. (a) initial state
(b), (c) after 10 and 20 second applying
voltage.
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