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Abstract

Based on the micromagnetic software MuMax3, we studied the magnetization reversal process of
different geometric shapes of magnetic nanorings (NigoFezo) in an external magnetic field. In addi-
tion to the expected onion state and vortex magnetization state, other metastable states were ob-
served in the magnetization process. The formation and transition of different magnetization
states, as well as the propagation and annihilation of domain walls in the process of magnetic mo-
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ment reversal are analyzed through the phase diagram and energy density relationship. Further-
more, we studied the process of magnetic moment reversal in NigoFe2o/Cu/NigoFezo magnetic tun-
nel junctions driven by polarization current. The results show that the current density of magnetic
moment reversal in nanoring tunnel junctions is 3.4 x 107 A/cm?, and the critical current density
is 0.63 times of that in traditional tunnel junctions. The time of magnetic moment reversal is about
1000 ps.
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1. 5|

O BRRESE A4t T AR AU A ERERRBHE 71, DA RS 2 B Rt k)i
T AT VZ VL] [2] [3]e BT REHR T ROV CEAS E PEAN S A 2% B, A0 R P A RS B T R 7
BK, BREEVEACKRIA IR AR, OVEATE R HARETE FIRGE A ERE “RiEs” , EX—RET, Witk
SRFE M ISR £ Sl BT RS [4] o AERTE— DN AMEIAE R RE R, BRI R IR BA R
HRAS, SB—Modimieds, BIWSEISGUKRIIREARS, 5o —RORE 8RS, BA VIR I Sont Sk ik BEEL
WEVEGNRIR . (EBRAGUKIA T, PERESTERIME N 2R E MI[5]. GMINT T PUKI AR B i S iwis ) 6 &
REM, EIXE, RATE MBI T AFE RS AR - e - AR g .

AT MuMax3 i, AU FE T AN 58 A R I NigoFeqo fi M 4K IR I REAL I RS, FERESE
BE SR, BATRIL T —ME AR, JFH NS HRE. B RERE A ZE 2 58 1A LG RIAERRE TiX—
MR AT TAEHEAIBHAR 71X —dFE, b 7GR B T AR )2 . A AT AT 1
FLI SR 5 NigoFey (2.5 nm)/Cu (0.5 nm)/NigoFey (2.5 nm) i 1k b& i 45 RGBS, XF b 1 9Kk pgii 45 5 15 4%
IRYAA NG P B H U 85 BE AN ], JF AR 1 SR I 4 B R B L OME S, X REME 9 K PROIR T B
ELEMR EA B L.
2. fEF RN

TERLUHT, MuMax3 A — 4Bl =4 IEAZ P A 2 (R REAT A5 BR 22 53 B A, JETMT >R fF Landau-Lifshitz-
Gilbert (LLG) 5 F2[6]. FATHFIFH Ml 284 MuMax3 BFFE T NigoFeao 2 4 il 4 K2R (1)l i B i i 2.
AR T AT DU SO RGNV E 9K M R SSRGS AR, BRI AR MPIGE M BL 4G, MRe i 2 TR .
WRIEVIUIRAS A, R GE 2 A BRI T 300 BB Rl A i B ) e BRI AR S o TR A7 LR TR R (1) 34
t (10/30/50/70 nm A1 2.5 nm), ¥ % d (25/50/100/125/150 nm), #h4% D (300 nm). FEREAL AT, fs 1 5 Fs
TEIE T TE MR sk, PR RSE R 1 nm, B EATE =48 [ e, R IRE 99K IR T 9 A-0.2T i I
F)+0.2T.
3. BMARSHIL
3.1. NigFe o AKRIF BB IT 12

FH T AU 1) NigoFeqo 2N KA RL VB 2 B bR i I 525 6 250 MO RA AL 38 Ms = 5 x 105 A/m,
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FEMER 5

ZHER A =13 x 1072 Im, BHJE A% o = 0.015 RIS & 10 S H 5 K1 = K2 = 0. & 1(a) P @R 1 filthid
LRI 9K AR TR, 9K 3R 402 D 2 300 nm, BEHLFR 4K IR 58 & d 433 25 nm. 50 nm., 100 nm.
125 nm A1 150 nm, £ h 43524 10 nm. 30 nm. 50 nm A1 70 nm. #£iX BN TFH EE=, 24 d =150 nm
I, GPKIRE R, RN E TR 9K
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Figure 1. (a) Micromagnetic simulation nanoring model. (b) D = 300 nm, d = 25/50/100/125/150 nm, h = 10 nm, the hyste-
resis loops of NiggFe,q nanorings. (¢) D = 300 nm, d = 100 nm, h = 10/30/50/70 nm, the hysteresis loops of NigjFe,, nanor-
ings

1. (a) BREIEINMKIFEERY, (b) D = 300 nm. d = 25/50/100/125/150 nm. h = 10 nm B, NigoFeo ZNSRERIRE T E 2% .
(c) D =300 nm. d=100nm. h=10/30/50/70 nm B, NiggFeyo ZNKIRRIRESE 2%

N1 D HIRPUKRIMESMES N, BERERALRS | 7= A S EE K R, FAT143 0% D = 300 nm. d = 100
nm. h =10 nm 4K 5 D =300 nm. d =150 nm. h = 10 nm {5 7 48 K o 55530 4T i [0 22 A5 400 A fdi Ak
ARSI o RERLSE o B RoR e 2(2) A1 2(b). 14 2(b) BT |12k rh 2 Th (1. 1 1 AT V)X
N FERAS R RE I 2(0) M, w7 AW 2], FEERIA T M ) e, TS S 9K —
B EERAN A — A . SRIMXHT D =300 nm. d =100 nm. h =10 nm fIgKIER, BRI
HHAEAE 2 IR e IRAS AT 0] 4 S Rt R e R PRI P 2 A0\ 45 RO RAE I 2(a) . N T SRAS AR AR 1)
FERAAE 2, AR 1 W0 B A o R o BAT ARSI (R 1) I 2 o 4 SRRk BTN S , 9K 3R S 33 225 (onion
state), XJR T 2() F L FEORM®). EFEC@XT NN F A —FFES - IWiES (vortex state), 7EIRIER T, 44
KIRHI A SR B IS, v LI GETEEJ5 1), tn] DO ik ety 1), 9 H 2 30 1 mim & 1 & RS
FHVE A IR EAS (11X — IR, FFAN i W BE IS BN T R, T 38 I 4 S e Vo s TR T s S S T
2() I FE@FRIR TV RASTIE SOE R AR, 9OKIR by wERE a4, TS R EREr A . BR TR
R e R A AR A, FRATTIE T DA S B — MRS A0 Iy — Bl s A I L) AR, 2(a) it
BOXR, EHEANIREN T, IRIESFA RIS, GUKIR BRI S0t Sk R e B 78 (7] s
R ITE RN BRI IR, AT RS .

PATEL D HTAFET T NigoFego AKIMRMERE RS FEA e Re % BE S AMUIAMI R R, R | RS
- ATERS - AR — I AR TPV ARES I SR D] S B ()= A . R AN A K . ] 3(a), HEAUAE R,
LA E 1R B R IR/INES s AR NigoFepo ANKIAZE 2 RER LN, IRBERERE LN, SCHepe e
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BR o FRER/NIIANA R, GOKIR S d K, Fobl BLfA2E 2 Re 2 S RIAC e RE B TE 3K, IRt iRe 7 1 1(b)
o, BEEGUCRIRTE RN, Fomi ok, (BRI N . dn & 3(b) RN 3(c), 24#4Im 168 Oe B, =&
HeRe 2 SR MR % LR (K, FLE g B R AMI7 773 Oe, WRET 4] 2(a) FId FE®), HIVERRA
NIRTERS . ACHRBEE R TIEGURM R R E BUiEin A, UM FEA B W I 5y, 1A 8 B S v
RS SLI . fE] 3, AN -774 Oe HL3I-877 Oe, ZZHeRElk/), T2 S ReHRMLREIG N, WIFE
i) T AMEHHED ), S SRR RE T A, RIS N e 2P IR RS B, XTI 2()
W@, BEEIMEIHR K, HRES R T 0 Jem®, %2 H: 5IRRIA N, (5% S Aetlinid R K
TARREREI IR, W LA RIE NS, 58 1 F i e A5 B S I
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Figure 2. (a) Hysteresis loop and magnetic moment reversal phase diagram of NiggFe,, nanoring with D = 300 nm, d = 100
nm, h = 50 nm. (b) Hysteresis loop and magnetic moment reversal phase diagram of NigyFe,, circular nano films with D =
300 nm, d = 150nm, h =50 nm
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h =50 nm NigoFe,q 17 2924 5 B A i [5] 2% K% A KB BR 4% 46 [E]
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Figure 3. (a) The relationship between Zeeman energy density and external field of nanorings with different widths. (b) The
relationship between demagnetization energy density and external field of nanorings with different widths. (c) The relation-
ship between exchange energy density and external field of nanorings with different widths
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3.2. NigoFeg()/CU/N igoFego gﬂﬂéﬂ;%ﬁﬁ

X TR Gu s T A IR T S5 W ARG VE R &5, AR IL 2 o8 5 T i, HL VR 24803%, ARG 0
Z BRI E R, AN F i 5 FE AP a8 0 45 7] [8]. ERARIFITE 45 M Bk 3i 45 ] LU IR IEAS , MW 1 Ik
W3 1) R B 2 2R S 1K — [0 R, {HL R B W 5 WA AE — A i e ELIJE AN SPAT T 100 N I ek, ZE ISz s
LR & 2RI RAZ IR, T ARA3 R A% [9] [10]. AHXTTO 5, SUOKIREEHREE LS RA UL A
© HUKRHERIBEIE AT AR B0% LA e ML, B R HARE 2 B s @ GRS B AR
FESAPE AWML, AENFEE R © WESRER NIRRT, BTLA=4 8 Hlly, HHh
WEFERR G, A SN IR T .

BE— D FOREE R IR LEREAE A 3540 T B RS A , AT T NigoFeo (2.5 nm)/Cu (0.5 nm)/NigoFeyo (2.5
nm) & T8 S5 AE AL B N AR RO AL I AR . PR TE S5 A BN GOK IR [ B 9K R, 4MM% D = 300 nm,
d =100 nm, JiK)Z NigoFeyo iHE 1 E A-5+X I /124 2707, TilJZ NiggFey BEH 75 M 5+X 75 A" FAT . HiIA
HLIR+Z T, G0d)iK)Z NigoFey 5, BN, Wi 5+X fhdef R 270°, &it Cu 25
FEAEEHIAETHZ NigoFego. HEAML4E R IRAE K 4, XL 4(a) 5 4(b), gk dii N HIRIA ] 95 mA i,
X ELIR S N 3.4 x 107 Alem?, BG5S ENES s 0Ot T [RURERURS ) B A T oK S, PR 7 A
135 mA 7 B ARHEE R, W B HELIR B Y 5.4 x 107 Alem?. 9K FR S B REHE B0 65 T 7 160 I S e O 5
AR TEAUKERER 0.63 £, AR —IRHERER, UIERMER AR, o741,
BUREFERIESE, A SE/NROR G R B o TR FRATIT Ll T WA R BT R A R, PR E R R ZE R, K
791000 ps, Wil 4(c) 5 &l 4(d), XS BT T [F—Fpdf BORE o, W Rk B A 2 A [
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Figure 4. (a) The phase diagrams of D = 300 nm, d = 150 nm, h = NiggFe, (2.5 nm)/Cu (0.5 nm)/NiggFe,o (2.5 nm) tunnel
junctions are flipped by magnetic moment under different polarization currents. (b) The magnetic moment reversal phase
diagram of D = 300 nm, d = 100 nm, h = NigyFey (2.5 nm)/Cu (0.5 nm)/NigoFe,q (2.5 nm) tunnel junctions under different
polarization currents are studied. (c) The magnetic moment states of D = 300 nm, d = 150 nm, h = NiggFe,q (2.5 nm)/Cu (0.5
nm)/NigoFe,o (2.5 nm) tunnel junctions at different time under 135 Ma polarization current. (d) The magnetic moment states
of D =300 nm, d = 100 nm, h = NigyFe,q (2.5 nm)/Cu (0.5 nm)/NigoFe,q (2.5 nm) tunnel junctions with 95 mA polarization
current have different magnetic moments

4. (a) D =300 nm. d =150 nm, h = NigFey (2.5 nm)/Cu (0.5 nm)/NigFe (2.5 nm)BEiELEE A RIMR L HL TR T HiEE]
3#48E. (b) D =300 nm. d =100 nm. h = NigFey (2.5 nm)/Cu (0.5 nm)/NigoFeyo (2.5 nm)F& & 25 7E I~ EIHR 1L B3 TN
45%P4E MR . (c) D =300 nm. d =150 nm. h = NigyFe, (2.5 nm)/Cu (0.5 nm)/NigoFey (2.5 nm)BFiELETE 135 mA TRILEE
AT, TEE#ERIRZS. (d) D =300nm,. d=100 nm. h = NigFe (2.5 nm)/Cu (0.5 nm)/NigFe,, (2.5 nm)B¥iE s
£ 95 mA RILERIR T, NERTEHIERIRES
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4, 4Eig

v BTk, St MuMax3 MBI T NisFes BEMEANRIR OREALIRE. B KR THEE, 0
T NigoFey BEPEGKIRAREEBISE SORIFMEL R 56 5, OIS SERERRIE . EREAE tim e A58 Jove
BASIRATH, NigoFeso BEMEZNKIR B T —FhBF HOTAAAS, X —BLR A0 B i T Ac e he i, il
R 5 98 B RE RO BER, RARERE ST A1 S ZD BRI AT . R ATBT I T M RIEE) NigFen (25
nm)/Cu (0.5 nm)/NigoFez (2.5 nm)REH: Bt 45 RS K ILAK PR 2 A B 7 75 10 PR 2 P A
BDARGAR NG 0.63 135, 15— 45 LU Jy LT 37 KD e A 0 K FFS8 6, 1 B MR RO th B, AR
FFE R, P EH R 2, K2 1000 ps.

BOM
SR E X H AR E RS BRI E (WUH %% 5. 50902110).
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