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Fig. 1. Spin texture of Bloch type (a) and Néel type
(b) skyrmion.
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Fig. 2. Spin textures with different topologies in 1D: (a) @ = 1; (b)
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Fig. 3. (a) Q@ = 1 spin texture on 2D sphere; (b) @ = 0 spin texture on 2D sphere;

(c) schematic of the stereographic projection method.
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Fig. 4. Schematic of the Moriya rules, rap is the unit
vector points from A to B. Direction of Dapg will de-
pend on the symmetry between A and B.
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Fig. 5. (a) Helical state; (b) real space image of the helical state (18], (c) conical state.
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Hrbeyesk. wrLAE B, XA RIE W EZ WS
S - (0.8 x 0,8) MBI T M i RIE X,

U, 0 AT R B Al Xk L B % B 3 ) e
T,

b= /bZdS _ %Q. (8)

ASF e e I AE R T b, SO BT 0
R BE JR B, EH T 3 AN BB R 2808 A B G S A% B T
B IE B, FRATHE E PR30 4 EE JR Y. (fopo-
logical Hall effect), ‘& 7E % 38 T VE AR o #0AT
T P82 R RS C A RN T R
TEHA& W] I EE R TR X, B ffE
Pey B =ITHIITIRR: pey = RoH + RsM + pL'E,
A T 0 = 0053 R R IR RN 2 R
B RGN PURIE $ME SR ML Ry A1 Rg 43 il & %
R RBON SRR R R RO E RN £
BRI o i) I U (skew scattering) ff Rg IE
LTS p: Rs = cpee, MMiside jump FIATE
(intrinsic) AL IAE Rg = bp2, 037501 16 F-PE#E
b, b2, BUE £ AR, B ART DU [R] i &
FE R HLBE S AR AN 1) F T A RE 8 U5t R A B,
WA 2P EE /R FFH. (B3 7E = i, XA —
AN B R N, AE TR T b HEA
5 413 6 o 748561 1) (0 A B T4k &R
R A BSLIE AT A T ME, T b NI 2 ) 5% 2R AN B
. J34b, SCHE B RN AR #8433 B ]
rh ) DL BLAR AL TSR At 1T 46 4B IR RIS TRk A
RYF) S22 ) Fh A, P9 A7 8] A PR 4 4 [ B A o 17
KEERFFEEMRIEH R P8, (AR EBER
()72, ¥h N EE 7R RN B AR SRR T ) 2R ) AR A 4,
BT — AN JR ik 5 R} (canting) 177 4 44 46
T R BRERA B, A ) TS s A7 e 9001,

5 HEHTHE T ARHE R

H 2009 FEHEITAS B F B IR R IR 4, st b
CLEHIN T Z RS T A EMA R L FHER
IR EPE IR Heusler (L& 40 FHIBREARSE. T X
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LERPRMA R BA AR EARR I, BRI L ks B
THRE S ReE % B3l 7 54 i AN AR R, 3Kk
RS T WG B 5B 7C B 2 IR R i 33
B T A TR AT (IR B 5 A R R AT 1
W, IR 2 g T — 2 DL T A R

5.1 FMHLE

T s BH 1 B R BT TG R B20 28 84k
AP MnSi H 07 B o R, T
MR B 3R AR RT DM A BEAE A, £ B20
AV P AR DM A EAE RN, k& B 7
Fg 78— Fe R BN AT IG5 8 (Bloch-type). T R4
o AR 4 A RE AN TR, A% B IR~ — AR
10—100 nm 2 [A]. Hkg B+ 1) RS 5 F MR REAAR
W WA 0. EC e AR A, A (D) — %
RT3 AR AT AT AT AH TAE A DM A B4R b
B H 0TV A o000 3 1 B /N W e R A AE AR
F MnGe ', £9°83 nm, iX&H T MnGe 1 E AR
S DM AR H.AE A 00, B Fe R W, BRI ks B 74,
MnGe i 25 7 % 3= & 1040 HMd 1t 45 ¥ 192631 R i
HEFBAERRME. PR DM A
1B 5 A B TR AR B R 18 o, R i o) B — -1
fg AR A4 R o DM AR BLAE F B B R . (H 2,
A W TR, I A A K AT DAAS B e 5 Y
B20 KA F- RGO S, AR TS T @R 1%
i fm AR E DM AR EAE AT RetE, AT PERE A
MR RS- A T — B i) B 04

FHREARTE B 37 T IS0 N IBIERS, &
SE 1) 3004 B 7 AR E 7 5 0 it in A0 3% R AR
B, 3 AR A b PR 1) T T AR TE S B B R A
fB. B, SCELFHERA b T3 N R B ks B
JCRE T X el SEILF R B Rt
PERITAR B 7, H AT ZA B AR — R R
2 BRA F R SEELRE i B 1 I R 3 A e 1, 1X M
PR T 52 IR AK R P AR AR FLAE 51 R AR
% ) 7 M R A TR 3 5 SR A SR B T 1 B R B T 1
T ik 165,661, I3 Ak — b JEL 16 2 R P A0 S 2E K 1
FGAR TR, R SELRE A% B i 3 A8 e v 107, ix
PR H BT A S IE i S I uE B T =T AT, N
W R TF VR PR AL SR it 1 2 AR A,

F— 75 T, TR R B E AR T
W, XA TR I ST BRI A ok T PR, KR
73 B20 4 A R AR T =R, o FeGe

J& TR IR ELAT 5 e 397 4% BH 7 A TELE 1 B20 #4 %
LIRS BH 7 AR AT FR s AEAE T 280 K, AR IR BE AT
SRIGAR T 3 1708, 78— 2K 4R B20 2K R ) F 1
& B-Mn & Co-Zn-Mn &4, Wit% B 7 AH o] fa e
TEAE BRI N 400 K, 3F HEA T kae it X
Tl & 100 R DR K Hh 40 T F PR R A 4 R AE 1A%
B S B I FH o (75 7 169,700,

A W% B 1 A0 00 T M R AR A R R 4 R
2 NE BB Cu,08eOs 2 H R T MRt h
W b kL JF BB 28 1 BRFR
T B20 45#3588, (EA— B0 KRS,
Cua0SeO3 H 4 Ji 1 1t B JL i A% 4 M B R &)
2 1721 Cup08eO3 H 1A% BH -1 AH (1 Hi BILE & £ b
W EARAC AR, 3 T A B s s 2t
2B, X R R R AT e S B I Al 3
P AR B T, AT B S R AR A B E R TR (R
Cup0SeOs 1 & BLIR BEARAR (2920 58 K), DAt 22
) S PR B FE R, 06 b8 SR 2 HAT B
BREM 28R4 G F IR, Br &8 42 F eG4
MRIAL, Btk SRR KL GaV,Sg H 1 B A Wik Be
TFAH, FFH A 3% B PR B R R B X
KA GaV4Sg X AR 5 B20 b & A ), #2407
SRR A [R] ft DM AR FLAE ] 741,

R 1 TTREAFAER B AR AT RL AR
Table 1. Possible material point groups that could

host skyrmion phase.

Witk B 1A Jgiid
i 1 AR 2 Ds, D3, D4, D¢, Dag, T, O
FIRB C2y, C3v, Cav, Cov,
REH C1, Cin, Cs, C4, Cs, S4

H Al © 8 B A B 78 6 B &R o i
ST —ERG TR R A & R B A
WA 7922 170 R i g5 T R T AR 2
A B8 FL AT W% B AR IR 5B, RS B0tk A&
BB TR FHAXERRITE AMITE
T O BEM BL A A7 76 WG Wk BH 1A B0 T Re M, R AE
SIS EDE] T O FEM R Fe, Cop— xRho sMogN H
TEAE WA WA T4, 364 7% 7 i al Se bk, R
Fe,Co;_,Rhg sMozN #F, 1% X FR 14 B 18 HE 42 o g
57 ECIR B B-Mn B Co-Zn-Mn &4 (O #f)
AL 3K GaV4Ss(Cs, ), AT LMR LT H %
XA AL () DM A AR P AR P B b B 1 R
R X BRI RS T Wi T T R
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FORHRAE 1 AT S BRI, 7T LA Rt R TR
RIrAS W37 H A RHOT R R Al

5.2 HiMEIRKRZ R

i i L DA o X AR PR A R 7 A T B R AR SR AR
DM # B F 4, DM AH B AE B i w] DLAE i 14
JI65 /6 4 J@ S bR A RAE 1990 5, UL FTAE
T 13X Rk T R 25 7 R A7 AE DMUAR BLAE A I

()

(d)

A REE O FERG M/ E 4 R A b, T
P T B T S R e P i R % TR S R IR R
WE -BUIE R B, PN AR R 1 R 7 2 TR 43 7 e — b
M 48 R T S AE B sc el BAE A, B A
DM A EAEF, W6 (a) B, REoNA R FR
PERIASTE, S DM AR FAE F I R 5 B20 14
& P A S B DM AE FLAE FH I AR AN ), 7R 5
T DM A BLAE FH R (0 7 4 B 7 A B — R N

IR,

Bexchage §

7R ']
- _* 4 (f)
: N
% 27
E
£
-
1_
0 |
© | M Pt[3]/Col3]
EFEE. . I P[3)/Co[3]/MgO
= § % : ‘ Fay .:.’» o : _1 T T T T T T
e 8o
RSB DR
® ey - Pt

6 (a) HEMEMBOE Z o DM M AR R S, 3o d o DM AR AT ) (830 (b) I et A4 4 bk 1 S5 i 45 3
(9 522 Fe/Ir (111) w3k B (RO TR Y, 370 Ay 5 24 Rl TR Fr (0 ERL 3 48 (771, () kMR IS / S K T A 9 o 11 e WA
F (8515 (d) A A2 1 AR LA P A9 B0 508 T R E T W3 1785 (o) SR T 4K 2 Hs R OK 2 o R 1 24 ke
T 1831 (f) 335 — VIR ER AR B Co ML DM MR AT 38 (7]

Fig. 6. (a) Schematic of interfacial DMI in magnetic thin films, d represents the DM vector [83]; (b) SP-STM image

of skyrmion magnetization in monolayer Fe/Ir (111), inset shows the Fourier transformation of magnetization in

real space |”7]; (c) skyrmion in FM/AFM heterostructure [85]; (d) skyrmions at room temperature stabilized through

interlayer exchange coupling in ultra-thin films [78]; (e) room temperature isolated skyrmion in magnetic nano-tracks
and nanodisks [83]; (f) calculated amplitude of DMI in Co thin films [79].
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R BB RS B e FOR BT R 2 Fe/Ir (111)
o FEIXFA A Z b, S DM AH BAE H AR R,
BRI 107 4 B 7 (1 KA 1 nme (B 6 (D)), 2 H T
kS B EOWI B RS BN s i U7 |
SRR BRI A% B 3 RSN IR B T8 E
P, AH 2 7R X S B JI5E B v g e, S0 A 1)
TR ERE@EE /NT 10 K. N TR ig s+
FH IR, A BT R 2 18] A A F R e 4
F 7 Bk B A R R I8 4H B0 Y 2 R A
BAEH, el R I W] T AT E =R M EE
(B 6 (d)), UEBA T b T A R I o 1 Skt B 1 F 2 P
Wy 1.

W AL J2 S e T R B A, ST A R TR
BHA ZR I 55— AN 5T A R 0 I s S AR
Tl I B < R e T A R L 2 IR T L AR
WS 2 TP FE b )32 B AR E R EOR, HAERE
s R A B N, & T N A K
AT H. BT B AR MR P BT R
FLS2fr B BB AR, AT DA A B 0 N
b, RIS 7 AATH T Z B 7 %8, BRIt 4h,
KR 0 5T DM A BLAE e 3 B A 1)
AT DA JE ok A 4 R L AR A S S AT A
TR, BT Tz R RO B B, T fE
g B8 47 O A0 30 v B 5 B RSE L R PR E) ) 2
PE.

TE PR / B S S ST A R 2 SR R A R H
IR WM E MR b, — Mo E a8/
Ji /< J& A AL RE S R, Pt/ Co/MgO 9K &5
. Pt/CoFeB/MgO 44K £ ¥4 1 Ta/CoFeB/TaO,,
YR LA 10810 i 6 (F) firow, 3@ 58— s
TR, MNMTKIAER KL K, F DM M EAEH
AMUERIET E4 R (W Pt, Ta) SERZ ), &
KIET &R ST Z ) F . 58— JE
SRRW, B 5 < e A A S T ) ST DM AR
HAER 5% 5 ) g R R E A A AT G,
o T EREAN, R E AT DR T K4S
¥ DM UAH ELAE FH AR5, AT 48 /N30 i B 5 R
SPOFRT AR v B2 i R b — R oA Rl g5 2
&)@ /M /R A5, W [Ir/Co /Pt 2 2
55 45 ¥ F1 [Pt/ Co/Tal 15 % J2 i 45 14 50531 B 6 (e)
JeoR TIRRZ RIES RN T X
REEF P 2R — 1 R BEH SR B, AE B Ir/Co
APt/ Co Skt Pifd & J& Fr i A 19 DM AH B4R

FAF-PET7 M AH R, (H BT PEIX 2R = B VR 454
W Rl EE 48 4 i T B R SR (B Ir/Co/Pt),
PR I B A ] 3 R B AL 1 DML AR AR FH T 1 — 2 (n
Bl 6 (a) AT7r), I Ae il 35 F/E A Sk 32+ DM AH B
VEF i 54,

FAh, BR T TR B 0 Rl g, Bl s
BRI T T AT IR A R R I
HRMA 22 A1V B8 I A4 2R 1) AR Ak 4 it — e 0t
RS, B — MR RO I Bk 4 R T 2k
T, ¥ B 1 S5 o &5 #4) IrMin/ CoFeB /MgO /. SE56: I
L4 & B IrMn/ CoFeB /MgO &5 4 v B A5 Wik 0 -1
FEL W6 () Fias. AR, AATTIE & B3 A
DM AH B A F 5 B X s 8k 0 2 1 ) B A i % &R A
) T 4 BRI AR &R, BRSBTS IR e
HATff D AR 501, B th 22 b, 124 ) I T DL 3 Ak
Tl - BRI A 22 1) ) A8 4R B 5K DR Jn ks BH 7 S AL 400
SMAEIGRGENE. 7 — T A A RME B2 T
Y tih % J2 I 25 ) [Pt/ Gdas Fegs .6 Cog .4 /MgO]ag 7.
MBS R T I ERROARL, TT LA
Wik BT I E KA. BAk B 7128 B i F8 WP A7 AE
W BT RN, B A — R E T g7
(R, A3k B T ik ) R AR RS, R R
M FCAE S B o7 F A R AT g 1. RS T B
BRI B R A LR T PR R T A
(ARG RE 7 ) A R, A% B 7 7R 008 T DA KT,
T4 T 34 B - )38 sl RE 198900 gk midp sk
) EAR R A T o R ARG RE T 5 AR, H
J S bR I EL 4 I G B B T R A T
RO Bk B T2 S 3R T, I IR UE T B
IR

WEPE IR R ik B 38 TR S I T AR
TAAE, I H BT I M v s B R U7 0 TR B %
) 5, A% B T 1 B34 e A BT ARIE. AR
MRIIAS R, R s B 7 70 A 2 o (19 RS 3
9 100—1000 nm, 7 — 285245 o Bk B 5 19 R ~)
A LR E 40 nm. WA BH 7 1R S B B A FE R
ZREME O S & R IF MR, (H200h
— U ] R A AR L. B S, REATRS B T RORSE R
KBS TR (NT 10 nm), H RTA > B
A DASEEL R SEAE 100 nm BAR % B -7, R0k, 40
e 2k 252 R AR J0T 5 BH 1 10 RS A7) 2 R R A 1)
HEJym. FR, BT A R DR A KT
o P B 10) A 359 ) RVREL e 2 T 2 T8 4 1, X
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B[R] 25 23 5 SR AN 35 57 (1) DM AH BLAE S 4% 1 5
LA FIREBEFRVET FURNE, AT 52 A% B 1A% i )
R L9020 R, PRSI b AN T E— B 4R
e VI P R, maE A 7 ORI A A R, AT
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HT R BH AN AN AT DLATE T T AR e 8 i
WREE DM AH HAE A E A7 AE, I 7] LLAE SR/ DM AH
FAEF N T A58 fasg A7 AE 109901 IX N T.45
4 32y B 3 A 1) e 1) R R AN B
ATES AR B ALK, SRR R T 9K B R 51
BORCE T BA# & ek e b 2
— RIS TG I T, 9K B gAY
B I BRSBTS, RR, F T kR
FNGNK AL [R] HIAZ 30 AH ELAE FH, BT e 45 46 2 1 B
BRI ZE R T8 P ) RS s B
m AR, W7 () FE 7 (b) fis. fERRAN T4
Py H T 0 B SRV 40 oK 25 Hh R e AL B T
ZIED, DR LA B SR DA IS AR AL, Ak, T
B0 TR AZ O A Bt LA A ) (R R A 1, R bt
SRS (AT IE A I FE 2 R % 0 W A T 1)
SPAT TR A AR AL T T, 122 R R ad

AF AP AR SR AN O 1T SR G S5 40 FEIR RS54
L B BRI AR E IR N B T iae e, RSP
WA YIKE] 2 pm. 72 NIE S PSR T, b
A BRI AT R TR AR SR AR N R B 2
BRGS0 S 1k T TR TR R B s 107 %2k
A5 K RE RS TR TH 0% B 1 IO A€ AR sh 1, X
FHAS TR A R4 58 TR 45t AT B T R 3k B 1 B
F 87 1A).

i L) ik BH R B AT i iR A 23 R Y Bl
P BREAS. SRTAE — R BA 0 X PR M () 1
A&, 1 Lag—2,S1142,MnoO7 F1 MnNiGa H1, it 85
22 24— X T A B S U A% BH - R RS
Bl 7 (b) B, XUk B 7176 — 2 iR FE G X A
2 T AL AT A% BH 7 0 = Ay i ok 09990 Ui i
B - (1) )R ~F — B TE 90—200 nm 2 [8], 7E MnNiGa
Hh XU BH 38 5 T 1R I B AR E X TR I
TR X RO AR AR A U A BH 1
RINIRZ Hiks B gLt 7R 8. sk
BT BA O BRI, X SRR I AN 4 DM AH
AR, P B 5 17 A2 B A% 2 FH— e HoAh
FHEAE R 564 3 80, 5 B A7 BAR = AL
SRR Z — NS L SE S R R

500 nm

BT (a) N30 B o 1 1 3 00 s 7 B 1931 (o) S 3 AR Ak 43 0T 41 44 ek 153 30 10 T e 0 B o A S0 M T 7 R A TR A
YO (c) WU BT R A 7L 081 (d) XU B 7 A (e) ST B i 22 (1001 () s ik A it 4 (100)

Fig. 7. (a) Magnetization arrangements of artificial skyrmion lattice 1931, (b) scanning electron microscopy with

polarization analysis image of artificial skyrmion lattice in magnetic thin films [94]; (c) spin texture of biskyrmion

(d) biskyrmion lattice [98]; (e) spin texture of antiskyrmion [100; (

[98].
f) antiskyrmion lattice 1001,
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F 2 AFEREME R T B R SHRR e B SO X AL 4, Hodh ML {32 (monolayer)
Table 2. Size, magnetic field and temperature window of stabilized skyrmion in different materials, ML

represents monolayer.

R R Rsf/mm Bi%H/mT  RE/K S0k
SRER AU

MnSi 19 110220 27—29.5  [17]
FeGe 70 50—250  100—280  [47,68]
Feo.5Coo.5Si 90 25—80 5—30 [18]
Cuz08e03 50 20—180 550 [71]
Fe;Co1—zRhg sMozN 100 87—149 100 [75]
B-Mn type Co-Zn-Mn alloy 100 10 315 [69]
MnGe 1.5 0—2400 150 [61]
GaV4Sg 22 20—160 813 [74]
TATEEE & 2 R IR 4t

1 ML Fe/Ir(111) 1 0 11 [77]
3 ML Fe/Ir(111) 3 2500 7.8 [109]
1 ML Pd/1MLFe/Ir(111) 3 1500 2.2 [110]
2—3 ML Fe/2 ML Ni/5—15 MLCu/15 ML Ni/Cu 400 0 Eii [78]
[Pt(3)/Co(0.9)/Ta(4)]15 400500  0—2 =i [80]
[Pt(4.5)/CoFeB(0.7)/MgO(1.4 nm)]15 400—500 0—2 = [80]
Ta(5)/CoFeB (1.1)/Ta0O4(3) 700—2000 0.5 i [81]
[Ir(1)/Co(0.6)/Pt(1)]10 40—90 0—80 iR [83]
Ta(3)/Pt(3)/Co(0.5—1) /MgO, /Ta(1) 70—190 0—4 =il [79]
P(2)/[Co(0.7)/Pd(0.5)]5/Co(0.7) /Pt(4) /MgO (2) 100200 0 =i [111]
[Fe(0.34)/Gd(0.4)], = = 40, 80 70 80—250 =i [112]
Ta(2)/IrMn(4—>5)/CoFeB(0.9—0.97) /MgO(2) /Ta(2) 410—790 0—0.6 E [85]
[Ir(10)/Fe(z)/Co(y)/Pt(10)]20 = 0—0.6, y = 0.4—0.6  40—100 0—150 EiA [113]
[Pt(3)/GdasFees.6Cog.4(5)/MgO(1)]20 (k) 200 130 bl [87]
NI 45K

Co/Ni(30 ML)/Cu 2000 0 =ik [95]
[Pt(0.5)/Co(0.5)]5/Pt(5) 2000 0 =il [96]
Heusler {44

Mny 4PtSn (i) 150 100—300 =i [100]
Mny.4Pto.9Pdo.1Sn (RHH& I F) 150 100—300 =i [100]
HR LS R A

Lag.5Bag.s MnO3 (XU 81 T) 200 0 300 [114]
Lag—24Sr1+42:Mn2O7 (BB F) 200 350 20—46 [98]
MnNiGa (XUiks ) 90 400 340 [99]
BEL4# 1 4

Fe3Sno 300 700 iR [107]
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N AT 5. BR Heulser f6 & 904, BLRIE T 78 #8
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BEAR EAEAE, (R LR 1 R 13 3 Se b adAiE o1,

W 3 R R AN R A LA, BE AR A bt A
FeE WA B 1 A7 AR, H 2 H™ AR WL AN T
i WL DM AH BAE . 7 BH A4 1 A i 5 A2 E 2 Fh
ANTR] B AR AH ELAE B 4 000 BH A4 1 A b 1) Bk
BH ¥ & T3 e 3 41 AH B AT FH 22 18] 00 5 4 1M 72 AR
fity (102,103 BR 3 A AR 060 5 4 PR B MO, B
HaE THZ2ERETE, W Kitaev &1 H IEK
B, RN E IR AR RL 1061000 i ks
B0 00 A B R O, FE PR At B A R B ) 3
etk HA DMAH AR BE &=, HFM B DM
FHAEH R E TR GE, I IX S F i 1) ks B+ 1
FHRM— I 1. (EAE B R A B A B 147
FEFHA T DM AH EAEH, HFMEIF A R 1
5 pw), DR gkt BHL A A v i A B AT DL R B 22
A B 1) I I AN [B] T P A AL 28 E 5 BH 44 T A v 1
Witk B, R R OWE 7 HARE AR ] ek,
FHARH T e AT A B A [102:103,100] i sz a6
A A A B R AA Fes Snp HOWLIN 21 1 7 47 4 W
T HIFEAE, IF BRI BA Z P R B me e AL,
B8 i 107 {HAE iZ 4k &, BR RIS 56 i A R
ARG o AH B EDAE. BG40 FezSnp HHORBLH— L8 AL A
% [A) 0 [B PR B A% B b 25 0, BRI AR IR
WEFE. JAk, G -4 5 2 5 A Wtk B -7 AH (1 BHLAA
PR SEIG AR B LI B . BR k2 4, WA
BEL 4 i A w0 v B 1 0 HG A 3 S B 1 A B DR B
P, U FesSny 2K 47 5e 2 oK 1~ AU A% B 1 W

RISRERTE, thXHRRIBERIRINE TR B HE

N
Y o8]

8 I IEALZLIES AN (a) 300 KA (b) 250 K T
S B 0 R 2% BE 1 B (c) 300 KA (d) 250 K it
SIHTARENN (a), (b) 7 He Py ek B 71 B AR L 107]

Fig. 8. LTEM images of skyrmions and strip domains at
(a) 300 K and (b) 250 K; (c¢) and (d) are the detailed

skyrmion spin texture within the box in (a) and (b), re-

spectively (107],

6 b H A% BA F B 7 A AR TE DR

TE S8 AE: T A B - S B B () T8 g b, TR
i R P — RO R0 R A ) R s 2 RO (R REFE 1Y
T B A I K RN TA% B 7. AESRBR B A A
TR i B 7 AR AE S5 AN AE PR (— xS B
Wik B A AR LA ) 8 SONE B R g <17 fn
“O”. PRk, B B P AR FEK B AE 2 T45 G5
BRI S NE R <17 A <0” BIHRAE.

B 174 B A7 it B B R 52t Dok, B
WA O AR 7 2 Mar AT i s B 7 7 AR K T
%, AP CAmR 7SR miE. £ 8k
HL 2R s, — M B4 1) 07 VR A 2 R
H i ¥ F2 7155 (spin transfer torque, STT) K=
R K A% B 7 15— 171 STT A & B A7 W FhAS
A i 4 B 7 2, — M el TR A HL R 3 (current-in-
plane, CIP) 1171 —F iy 2 B f] FIA 5 (current-
perpendicular-to-plane, CPP) 1171,

X T CIP &5, B H2& H ] LR A e ik & ot
FR) 32 7 S A R 7 A A B 7, N T — A ok
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Fig. 9. (a)—(c) The process of single skyrmion creation in a notch geometry [118]: (d) experimental demon-

stration of skyrmion creation in a notch geometry. The area within the blue dash line is the sample area.

After an applied current pulse, a skyrmion is created near the notch (1191,
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Fig. 10. (a) Creation of skyrmions through a nano-constriction 811, (b) schematic of the non-uniform current

distribution and the corresponding non-uniform force distribution on the magnetic domain wall [51; (c) single

skyrmion creation in a nanostripe (1217, (d) conversion between skyrmion and magnetic domain wall (1201,

(a)
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Fig. 11. (a) Schematic of skyrmion creation in a spin valve or magnetict tunnel junction structure (122],

[109]

(b) electric filed creation and annihilation of single skyrmion .
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Fig. 12.

(a) Schematic structure of single skyrmion detection via a spin valve or magnetic tunnel junc-

tion [140]; (b) schematic structure of single skyrmion detection via Hall effect (141]. (c) experimental measured

NCMR signal of a single skyrmion [142]; (d) experimental measured Hall resistance of a single skyrmion [135],
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SPECIAL TOPIC — Magnetic skyrmions

Overview and outlook of magnetic skyrmions®
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Abstract

Magnetic skyrmions are topologically protected nano-scale spin textures. They normally exist in chiral magnets
and magnetic thin films with broken inversion symmetry. The size of skyrmion ranges from 1 nm to several hundred
nanometers, depending on the material parameters. The spins of skyrmion wrap around the unit sphere exactly once, thus
facilitating the unit topological charge of a skyrmion. Due to their non-trivial topology, skyrmions exhibit exotic physics
such as the topological Hall effect (THE) and the emergent electrodynamics. Skyrmions show particle-like dynamics and
can be driven with ultra-low current density. Furthermore, they can be created, annihilated, manipulated and detected
by all-electric methods, making skyrmion a promising candidate for next-generation information storage and processing
technologies. On the other hand, combining skyrmions with superconductors and topological insulators may also lead to
intriguing physics and applications such as the topological quantum computing. Over the past few years, the creation,
annihilation and detection of skyrmion at room temperature have already been demonstrated, but the precise control
of single skyrmion with size below 10 nm is still a challenge. In this paper, we first review the fundamental physics of
skyrmion, from its topology to its emergent dynamics. Physical mechanisms of the Dzyaloshinskii-Moriya interaction, the
emergent electrodynamics and the THE are discussed. Then the skyrmion material systems, including chiral magnets,
magnetic thin films, artificial skyrmion systems, frustrated magnets, bi-skyrmion materials and antiskyrmion materials,
are comprehensively summarized. The optimizations of materials and potential new skyrmion materials are also proposed
for different material systems. Methods of creating, annihilating and detecting skyrmions, which also cover potential
application methods other than electrical methods, are discussed from both theoretical and experimental point of view.
The energy efficiencies and reliabilities of different creation and annihilation methods and the sensitivities of different
detection methods are still unclear, these current bottlenecks and possible avenues towards skyrmion-based spintronics
are described. Finally, we address some possible future directions of skyrmion research, such as the antiferromagnetic
skyrmion and skyrmions in topological insulators, which may lead to the discovery of peculiar topological quantum

physics and materials.
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