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Abstract  The electric-field control of resistance and magneto-optical Kerr effect of all-solid-state Au/Ti/
Y, CeFe; O, multilayer structure is realized at room temperature. At 635 nm wavelength, the rangeability of
saturation magneto-optical Kerr rotation angle is 58.1 prad under the operation voltage of 1.5 V. The corresponding
energy dissipation is 0. 66 nJ*pm * and the response time is 300 s. Moreover, the control is reversible and non-
volatile. The critical effect of Ti layer on such a modulation is disclosed by contrast to Au/Y,CeFe;O,,. The
occurrence of oxygen ion migration is confirmed via the characterization for the change of electrical resistance of
multilayer structure under the effect of electric field. The oxygen ion migration is the mechanism of electric-field
control of magneto-optical effect. This prototype device offers a new way to develop electric-field tunable magneto-
optical devices.

Key words materials; magneto-optical materials; magneto-optic switching; oxygen ion migration; yttrium iron

Wim EHE: 2018-01-25; WEMEMFREH . 2018-02-08

EETH: HEARPEES (61475031,51522204) , Hh o 3 e B A B Al 45 9% & T W% 4 (ZYGX2014Z001) | Ry 45 2 1 2
BHEH S 1 TR0 (B13042) DU )1 48 T 4F R4 2k 4x (2015]Q0014)

EZ A ARW e (1992—), 55 W L AF5E AR 2 NEE i 3 5 b b g vk 55 ] s A RO 4% O T R BIF Y
E-mail: ylzhu@std.uestc.edu.cn

SRR HFEA982—) I W AR A I, NP E A IR S A UG O A A 5 TR SR
E-mail: bilei@ uestc.edu.cnGA{EEE R )

071602-1



55, 071602(2018)

ANSHBIFHRE

www.opticsjournal.net

garnet; electric-field control of magnetism

OCIS codes 160.3820; 310.6845; 230.3810; 250.6715

1 51 7

Wi 45 2 42 Bk B M A Y.CeFe, O, (A1 E R
Ce: YIG) R A AL R FLAR B 14 RO 14 B L B T 12 g
FHF 60 B #8728 REJETT R AE g
HE S OUT A8 R ) R R0 8 A R H I e AR
— R B 1 3 oFe S B L L AR KRR O ) A E AN AT
2 5] AR, SRR R ST R AR )
iter" o Huang ZEL R Au R £ AT R
BRI T OB R AR AT A I BOLE B RS . 1
JE TSI T 249 200 mA YK HL IR L L WG Bk
AT 40 mW INFE, H 281 TAERS A4 PR 5% HL U »
FRAE TR BERE . A FT AR AR T AT 0 2 e
FL AL » DA TR /0N FH R PR AL 77 A ) £ A, R0 i o8 I 2
PEIIAE B2 an PR R A . R ol 37 08 e i P 2 11 e
L 24 5 2 AR AU A 58 A AT RS 2 — T

FE L RE RS PRI, S T A IR B B TR RS
P ARG 08 T B B DD FRE AT LR R R SRR
Wnl T 2 AT g 24 B, Lu
SGUURAE FRA TSRS HT S O /A Y
S SrCoO.; » 5L T 55 Bk 1 48 2 f& HSrCoO. 5 .
BREEYE AR SrCoO,—, (8 N F¥ A4 SrCoO, 4 F
R S B BRI A8 AR SrCoO, s = HHZ
B IS . AE Co/GdO, (x 4 O JRT45 Gd i1
Bz )b, Bauer 2 5E s R GAO, Ay OF
A5G Co 2.l Co KA T &4k 538 J7 L I, 4
BT Co BIRESS S VERE, W35 FRAR T 28 1R Th €.
SR R e 12 SR A B 9T 2 B R TRk
&8 L R AR I Y D HEE T R
TR0 7 7 e LS S A SR T4 . weE
SE AL R AE RGO AR T oA Tz L R L S
IR IR 0 98 45 X T AR 25 8 T A 38 2% 1 8
FEAME . FESReE A ETEE L, WA 7R
(R A R R T8 7 iR B AL Y el s O
RN A5 BT A B T kR B B AT A B RO AR 1
EHET Co/GdO, Fzid O iEBIAHE Co #EiTE
X BT H T WS G T 3 R B A Tk
AT ES Co MM X 4 J8 Co BETER HEMER . #F
4 GdO, e w210 W 3 B L 0 W 1 4 ) 2
k5 W A T ) B 1 A TR (B iR T R T
A R 45 4 B WGV 0 O A R R S AR O

PR VR 5 . U R A R Y A
Ak T A REVE RS T d B L 52 )2 b A T B 8 fiE 9
P 5128 T FH O 1) HL T (H B B A R L DT S B A
JEARKN Y L g R R

BT bR SE A AR SCE S AR REOE AR R T
FH Ce: YIG M SA ALY MRS M9 T Au/Ti/Ce:
YIG ZZ 458 8 i 5 K 8l Ti/Ce: YIG 55T
PSR IR A T — AT A O 15O 2
. 7€ Au/Ti/Ce: YIG X —Fi s F&5 1, &4
WFE T L3 8 45 8 O 5 R 08 (MOKE) 81 42, 3 i
3 M2 H BELAE A1 Jn el 3 T 1 e R R L TE S T AR
BrEBARmEL. Ra. R THAE 7B
ff B T WG RN W B B S IR LB, TR AT
FE AL 1) Hh S 45 R D6 K vk T L 3 T R
e SR T — R B IR AR

2 STk

SR FH ik b O DR (PLD) B8 i 7 ¥ 7E p R E B
¢ B B T (1000 Bm B AR ST A B A
Y;Fe; 0, (YIG) 5 Ce: YIG # %, #0648 N KrF #
4T 3% % %8 (Compex Pro 205, Coherent 2y #), 36
FD LK N 248 nm, YIG MEAKM T 2S5 N,
H R RIE 400 °CL 0O, FJE 0.7 Pa, fL4 5| 3 f B 5
5.5 cm, WO RE B W% 2.0 J/em®, WO R
10 Hz, Ui # % 2 5.8 nm/min, L %E KRG, 7F
0.7 Pal) O, B, L 10 C/min B R[FEEEIR,
HHE B TGRS SR KRl I A5 L IR R
AR N 266 Pas iR kit B DL 25 °C/s TR
HORTEE 850 CIHERIR 180 s, i A AR . ¥
B O BIRE SR R B PLD AR, L YIG Rl T
EAK Cer YIG, Ce: YIG WA KM T 2SS 400 .
FARE 650 °CL0, KK 1.3 Pa, #UH 3 3% F H 2
5.5 cm, ¥ OC BE & T % EE 2.5 J/em”, WOG A R
10 Hz, JURRE R ) 7.5 nm/min; Y0 58 W5 . 76 B
23 IR 30 min, FRLL 5 °C/min 3% T % 00,
T A A O 2 A% B AR R A A i S Ce YIG |
(9 Au/Ti i B, >R FBA 5% B A 0 1l 4 Au/Ti
Mo e T HRR P S 400 4 0 559 1) 2% o LA 4 T
ESHN % 100 WL A 0.5 Pa, YL H R 4
5.0 nm/min, FEANBEIRE 2S5 0F T, 38 i G
PEMR ST 45 Au Wi, Ao IR A T L2808 .

071602-2



55, 071602(2018)

ANSHBIZFHRE

www.opticsjournal.net

AR50 WL A 1 Pa, JUAREZK 1.0 nm/s,

FIA X B2 A7 51X (XRD-7000, Shimadzu 2y
Al HAD MR XS 2 AT S (XRD) &3 ; F1
% 5 BT @ MUBE (Titan Themis 200, FEI 2 &), 2%
) 5 8B IL (Quantax 1.9, Bruker, 38 [E) I 2{ # i
M8 5 o R oy A A 2 SR AR 2F O B A
(BI1500A, Keysight, 3& [E) jifa i f &, ) 32 2% 1
Uit o 3E T RO 5 R 0N (MOKED ] 1 2 48 I i
WECRN e TAEE I RT3 0.95 mW K
635 nm [ RARBOGE  BOCA SR 40°,

3 USRS

3.1 HHEHRESMPRIE
PSS ANTEL 1) BT, R I 4B 2R 1 B Si

SR VR H AR, Ho U Ay i FR VR 1 L (B, A R H
Tide., UUBUE SigER B/ Au/TiWisE A T S a4
5 SiE R EW R, SRR T em X
0.5 cm, Au/Ti B #F B AR 1) B AZ 298 500 pm, &
1D AR A Ce: YIG/YIG/Si 19 XRD F## Kl ,
0 JERTHHA . 2 Ce: YIG 5 YIG (945 Stk 4, 1
M HAG AR A7 R AR 2 AR 1 A 22

Kl 2 fiish Au/Ti/Ce: YIG/YIG/Si £ 245
W T (9 4 T W B BE (STEMD B/ 5 BB 3%
ICCEDS) T 41 # El. F D 2 BT T, 45 )2 3 6 1 R
BE/IN, S T R A 5 .St A — )2 3.5 nm
JE 1) Si0, 8ifb2 ., Au.Ti.Ce: YIG,YIG PU 2 3 5
IR RE Zr R 7.0,5.4,50.2,57.6 nm, Ti )2 HAELE
w4 O JTLE L, TRER H Ce YIG 2.

300 (®) avy v YIG

250} 43 0 Ce 'YIG
2200t =2l
2; = N ~ ~
F101%  SFRF  §s93
g 100} 9 SEST
E Nl'l ] N

50 WWMW

0-

F 1 ()8R ER (b Ce: YIG/YIG/Si £)Z2 MK XRD &%
Fig. 1 (a) Schematic of device structure; (b) XRD patterns of Ce: YIG/YIG/Si multilayer films
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Fig. 2 Cross-sectional STEM image of Au/Ti/Ce: YIG/YIG/Si multilayer structure and EDS area-scanning maps of all elements
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Fig. 3 ®x-H loops measured after application of a series of (a) positive and (b) negative voltages;

(¢) saturation Kerr rotation angle ®@§ as a function of applied voltage U; (d) repeatability of electric

field switching MOKE, inset is cycle performance of saturation MOKE
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