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Magnetic Skyrmions: Fundamental Physics and Spintronic Applications
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Magnetic skyrmion are an active research field in the rapid development owing to their potential for novel physics and applications
of efficient next-generation spintronics device. In this work, we investigate the physical definition of skyrmions, and discuss skyrmion-
based potential applications such as information storage, logic gates, neuromorphic devices, and non-conventional computing devices.
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Fig. 1. (Color online) Illustration of skyrmion textures in the plane of the real space and the sphere of the order-parameter space. (a) Néel-type
skyrmion with Q =—1, p=-1, W= 1, (b) Bloch-type skyrmion with Q =—1, p=—1, W= 1, (c) anti-skyrmion with Q =+1, p=—1, W=-1, and (d)

skyrmionium with Q=0, p=0, W=-1.
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Fig. 2. (Color online) 2D axisymmetric skyrmion structures in ferromagnetic thin films with PMA: (a) Néel-type skyrmion attributes to C,,
symmetry, (b) Bloch-type skyrmion attributes to D, (c) anti-skyrmion attributes to C, symmetry, and skyrmions with anisotropic chiral modulation

attributes to (d) S, and (e) D,, symmetries, respectively.
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Fig. 3. (Color online) Skyrmion motions due to the spin-transfer torque (STT). (a), (b) Néel-type skyrmion motion driven by the STT. (c), (d)
Bloch-type skyrmion motion driven by the STT. The current flows along the x-direction, as indicated by red arrows. For the STT, there is no

difference between the Neel and Bloch skyrmions.
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Fig. 4. (Color online) Skyrmions motions under the influence of the spin-orbit torque (SOT) or the spin-Hall torque (SHT). The current flows
along the x-direction, as indicated by red arrows. (a) Néel-type skyrmion motion driven by the SOT or the SHT. (b) Néel-type skyrmion motion
with opposite in-plane component. (c) Bloch-type skyrmion motion driven by the SOT or the SHT. (d) Bloch-type skyrmion motion with opposite
in-plane component. Unlike the STT, the SOT or the SHT act differently on Néel and Bloch skyrmions. The Néel skyrmions move along the y-

direction, while Bloch skyrmion move along the x-direction.
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Fig. 5. (Color online) (a) Illustration of skyrmion-based racetrack memory. (b) Design of the skyrmion-based transistor. (¢) Unidirectional
skyrmion motion at the nanotrack with pinning site and its diode characteristic curve. (a), (b), and (c) are reprinted with permission from Refs.

[72,76,77).
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o] 71IAE g dollA] 2] =F7] owd (perpendicular
magnetic anisotropy, PMA)°] v}fo] XA n]2o] AO|EE
A7 F=d] oUA] A (energy barrier)’} A4HT 22 3
o P. Upadhyaya er al-= GA] AlPJE AYS 53 2=71]
29 FAYE Aofsle WHS AlRKSIATH73]. 20174, 1.
Xia et al-2 2~H3}(spin wave)dll 23l 5= EWAH
£ v]Axpr] HAEAHmicromagnetic simulation)S 53 X
AcH74]. A71A 2=ATke] FFa} FalE, 2Ejal AlClE A
dH AlClE AAE T F S AN AR
o] 22U ASILE. 20184, X. Zhao er al-2> PHEH
Q1 Pb(Zi,Ti)O5(PZT)E ©l-83lA W E (strain)l] W} WAL
“J (antiferromagnetic) 2=7|H|20] HUEE U] S =
et 7sdhs EMARE A4S vaA] RARE &
&l BJTH75]. 20213, D.-H. Jung er al-S Fig. 5(c)2b 2
o] Whe E249] gk TRt X (notch)yi-5 BIXIGhS ol
7An|o] & Wk 2t F2lo)le Qs o]8Sl toles
£ Altsirt76].
olojr] FH A e 9l 2AvS &85 AFE

2080k 20159, S. Zhang ef al-& 27PN S ol&
F =] 525 918 NIMP, XOR, IMP AI°|E AAES
AABIEAL, ol (fan-out) T-ZoMA °lES A= AS
AoksIATH77). 2018 S. Luo et al-2 <AL Z(skyrmion

OIS

¢

Hall) &3} 2An2 Alo]o] = o3t tiikst avE o]
€3] AND, OR, NOT, NOR, NAND, XOR, XNORS] 7]
T2 ohe = &2AES BEATH78]. 20199, M. Chauwin
et al:> 27N E 2ANRE o]&gt =g AlCJEE i~
Alo]=(cascade) A3} Fredkin AlC|ESL} AARZYZ](full
adden)E Eth. T3, F¥ 25 (clock signal)ell BtFo] 4l
s 5 F7] AT F U B, g & 2AY =7 =
E T7RE T Ue sl SAlskaL AT 79].

HeEgt 2AN S o] 83 AAES E ol AlAl(von
Neumann architecture)ll¥] F28k= 7578 (computing) *'H
olth. ATA E =olwt AAle FE A HR A |
Hol £ o2 AP Fgor] HEA o] sk ©
AR SHAIE 7HAAL ok Fefe] E =olvt A|A| WellA
o w23 o AL dgoz AFjE F2AE NdskHe =Y
T A% s o, oldst AAE gulslal w=ERY
(neuromorphic) SFE=Ho] WlollA] Jr A4l 2 R AAs &
BIHE= AlEE Bol X&Ha ok, thed wER A4}
S ] S8l 2ARRS o83 IFES AViEHT
20179, Huang ef al-> 2~AVL-S o] &3] FwErY HAFHS
I8+ A2 (synapse) LS HIAAE] FARRALE B9l THERL
TH80J. 1714 MTIY E'@A71A 8K (tunnel magnetoresistance,
TMR) AW 7He] AR o] E (synaptic weight)Z $18
g dok. Z2ARe] TMRPO] 71 19 TMR 4157} Bl
7] whell, 2Au2S APY2 So|ES ks 9Ee] 4l
7z E4 (neuromodulator)Z &-83F = SIS Aolt}. A
Afze A=9] Hlwe] w} ARZHEEZDS Alojsl] A
2 Fo|EE Aslelal ofslsle 7es St o] =olxe
27m|o] A=9 Rk w} 2729 3-2|9)E Aot

of APd dlo|Ert AepE AL ofglee A AEA 71sS




~294 -

st 20209, K M. Song et al-2 -FARSE 7ldollA
27HE o] 83l AW SolES] A3slel AAlE Aol
AT B, o] 7lsol 7Nt w25 siEl 2 (pattern
recognitiony FAEALE E3)] RITHSI]. 20174, S. Li
et al> Y= =22 Ao M) (gradientys F0] AW
o] 2 Alofet e 452 U3k (leaky-integrate-
fire) 7|55 RARIATHS2].

gk ofje}, e Ajelafs o] ofelg WG ol
55 5402 98] 2ANES olgss A=} gich 2018

d, D. Prychynenko et al-2 2~7]0]2-g o|83F =3 HF
B (reservoir computing) 58 A= A|oFE}ATHS3]. =3
AT ArREeE Wske HlolElE S o S
g ASE w2 AdoE Tl 28] 4 5344
3017] fal 19K Jidolth. A7IA 29 Aol Fa
b, 3L IS T we @)79S 7 A 3=
Zgd mE} JRIL AlE 3 = lofof g o]
oM &L F 719l Huld(terminal)e 71 HFE G200
o]H}x}7 A& (anisotropic magnetoresistance) &3}l 2]k H]
¥ A SAS Tl 7AHEUT 20194, 1. Zazvorka er al.
2 27me] 3 it FAUS o83l FgEFeE =Y

AEZE AAA (reshufflingydhs A4S A3 o2 HTHs4].

.

X He oo o mlo m&

Iv. #3a
opfo g A7n| Lo thak S EH SHEE 93 B
973 208 AEgla, A~Au|Lo] Fo8kS Jedhs U
gdeals S Amugith w3, 27 eS 283 A
9l & Ao 3k AFES AEgIT o)E & 24

£ ol Z2EE] Aot A% WAl k. S, 2
A3 FZE AIZsla AAu|ee] A8 AHwska AEA
A Al 5= A= YA 7lEe] o
5 88 270 712 B g 494 U= B o}
o]Fo]d o= HelTh

oy o1
DA ke W, o

—

HAlel =

EI

o] =8 ARSI )] Aoz saAdTA
o] XS o} = A9 (2020M3F3A2A03082987)
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