Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

— 4% & BICMHER NN /Y BRANK G5 T VRS ) e R R B9 3853

%E L ®E EHHK EM

Great enhancement of transversal magneto-optical Kerr effect for magnetic dielectric film embedded
by one-dimensional metallic grating

Chen Yu LiulLong Huang Zhong Tu Lin-Lin Zhan Peng

5| 145 B Citation: Acta Physica Sinica, 65, 147302 (2016) DOI: 10.7498/aps.65.147302
7 2% 1413 View online:  http://dx.doi.org/10.7498/aps.65.147302
214 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/114

,L,s = /\@EGE@YE

Artlcles you may be interested in

BT S -HA Y T - R U G A B A T A B AR B T AT
Numerical study of plasmonic filter based on metal-insulator-metal waveguide
Y% 4.2016, 65(5): 057301  http://dx.doi.org/10.7498/aps.65.057301

FTANAK R L) 22 3030 o 50 B2 T [v) R TR 55 B8 1 I UK
High-intensity directional surface plasmonic excitation based on the multi metallic slits with nano-antenna
PP 22 H%.2015, 64(24): 247301 http://dx.doi.org/10.7498/aps.64.247301

LRI £ v A S 2 T 55 1 1R O AR AR 1 o
Propagation properties of the graphene surface plasmon in comb-like waveguide
YE = 4.2015, 64(23): 237301  http://dx.doi.org/10.7498/aps.64.237301

IR TG IS B B 6 S R PE AT 5T
Finite difference time domain simulation of optical properties of annular cavity arrays
PP A% 2015, 64(22): 227301 http://dx.doi.org/10.7498/aps.64.227301

AKAE I B AR R
Extinction properties of gold nanorod complexes
VP22 4%.2015, 64(20): 207301 http://dx.doi.org/10.7498/aps.64.207301


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.147302
http://dx.doi.org/10.7498/aps.65.147302
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract66760.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66760.shtml
http://dx.doi.org/10.7498/aps.65.057301
http://wulixb.iphy.ac.cn/CN/abstract/abstract66176.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66176.shtml
http://dx.doi.org/10.7498/aps.64.247301
http://wulixb.iphy.ac.cn/CN/abstract/abstract65909.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65909.shtml
http://dx.doi.org/10.7498/aps.64.237301
http://wulixb.iphy.ac.cn/CN/abstract/abstract65722.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65722.shtml
http://dx.doi.org/10.7498/aps.64.227301
http://wulixb.iphy.ac.cn/CN/abstract/abstract65700.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65700.shtml
http://dx.doi.org/10.7498/aps.64.207301

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 14 (2016) 147302

—H ERICHHER AT /T SRR SR TR
R e /RN HYIG 58

e A2 =HE

BHA

(B RUREAMI P22, [T M D PR 5 B Sk %, 9t 210093)

(201644 A 15 HUEHI; 2016 4F 5 A 12 HIZR & eH )

ARSCAE — 2 2 Jm YOI AN RGN A B PR 1 28 mp SR T R TR0 e T /R SR PR 38 9. 3 I A DR < el P
NIRPERAT RO BN BT (8 A < 25 T L 10 R A B WOe R, AT AR 10 0 0 0 2R RSO A
AT BN ORI 58, AR SCHEH 1l 0 55t [P0 o' v 7R 80 (14 37 7R S5 8 s A N At A, SR R mT LA

TRk RERL e A BT

KR RSB FUT, BIARDE RN, BAVEA B, 3

PACS: 73.20.Mf, 85.70.Sq, 87.10.Kn

15 =

— RN S 3 N B A R W o N R AT A%
Ay B AE D AT R AR T IRE, O B AR R R
51 a4 41 1T R 7 B O R M 2 AR R A, 1K
AN FR LR B A B O 28 L T 9 5 A
(magneto-optical Faraday effect) FEEH b /K N
(magneto-optical Kerr effect) & i Y6205+ 4 A A
SN BN PR M. A SR BN 2 R O
VAR S THI B ST BN O % 10 AR i i L . AR 4R )
A4 R A, 5 FEE 5 7 A 3 T ART N SR T PR R 6T B 1) 78
6 SE IR RN AT BAAR 9 = A 2R A 2 5T R AL o
JE [R) B~ AT T B R B N SR TR )4 26 1T B R 1)
6 5 ZR 3408 (longitudinal magneto-optical Kerr
effect, LMOKE); 4 A58 FE P47 T HL R4 N\ 5 T
It B BT WA TS AR [ 1206w JR BN (polar
magneto-optical Kerr effect); 4 #4 4k 58 fF 3 B T
NI ELSPAT T 40 44 35 100 I D 8 1) 6 5 7K 3K
M. (transversal magneto-optical Kerr effect). H T
R T IR BUNEAE = 4 BRAR PR 5 i 1725 1B sz

DOI: 10.7498/aps.65.147302

bR B BRI ), i) L H sk —EHR T2
I W NIAD S I F S =W (E 3 /) Y VR NS ]
PERBE (B ANEL . Bl SR AR VE 42 ) b (10 g 7 A
TES, 1R AE B 2 T LBR N . siEJLAEE, A
MR H T 6T diAd 1950 R fb 2 A e 7L il v 44
2L 191 45 250 5 9 SR S B Y T o PO 4

R ZE BT (surface plasmons, SPs) A& %K
Re 2l i Sy b B el T A0 0 R R 1) 5
FESE SN P E R A SRR G M= A 1
Fg A7) SPs AT LAYE L 37 JA3 BIR 7 4 i BT 3T Fr 4 K
JFEE Bl I HLAE L AS B OIS 5. R A SPs 1Y
EANRRYE, T DS VR 20 2 2 it 5 R S M RN 15
PR E R, 5L JUE, Hbr EC& B T2 A
F SPs 4 & il A A4 R S 30T R 't 280 37 18 58 1R F 9
T AR B=101 K5, ¥ SPs 45 & 1 A4 R T 18
5% TMOKE MR ARG . Bl a0, B FE N 5
DU i WK U ke ) W R e o B 2 2L N
4 =131 i SPs UK, s F 3% J=) 3L S i
P4 A, FEd I A 3 o Ho iSRS,
M SPs UK I AE I %, TTIAE SPs JL4R A7 B Ab i
TMOKE W B 42 75 7 #of%. BTkt & w1

* ERHARRIERES (MHES: 11274160) F1E K 3 ARHEEES H R (HHES: 91221206) F IR

T #E/E#H. E-mail: zhanpeng@nju.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

147302-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.147302
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 147302

JEEFANHE (B T & 8) 2 FOUE 5 38 EE, 7T
N DU VA PR SR vE 42 )8, vt o
& )& /HYEN TR E A N E B BUTarK g, JFH S
A AR 9 SCHRAIE B 150 TR 1 25 44 1T LAAE fR RRAIK
HEEFEAHFERIRTIE T, 98 TMOKE i .

BT REC 8 B v R Re 1 7R 2, AL )
JoT B A R e e T 325 S 6 1R R R SR B K Al
TMOKE M 5 K /). SEFRRA 1, TMOKE i . 5
TR AR RFEE — M KR EARLP,
BAVBAERE AT R — 4 & 515 A LR B HR N
BEEAY B 4546, TMOKE f 38 9 f JLJE B 5@ it
G M B e T i N TR PR O R A o
HR R SR DL S R I S BT (localized surface
plasmon, LSP) Fljk 548 202 8] ()48 & 20, IFat
FLHX TMOKE Wi B7 (1) 52 0. 152 B, d it A
Ao 4 25 T R N A ot /2= IR S, AR FR O3 B 3
5 22.6% B [F] I8 TMOKE i v 34 31 3.6%, 1%
TMOKE i J87 52 45 2% 7 7 1 V£ A Jot )2 3% 18 B 117 3

.

2 HEipER

TMOKE il B 5z 82§ B3 % v B 12 A% 4k A1 o
(R I RE g, — b, FRATEH a0 R A ok &
TMOKE Wi R (5) #3255, B
I(+M)—-I1(—-M
(M) M) "
Hp TRFESCHIRE, M 2R, 1E7 5
T HEAGERE (M) A, 1(0) A2 &5 8 R AL
I FR) 32 i .
TAVP S 1R, FfESCHEEAE R
PR KA e 4o i B R B2 D b (R B KA 1 (bismuth
iron garnet, BIG) # I L H K A T &I 9 A 14
F — AEOU MR B A, rp G 2% A A X T BIG
F RN IR EE N ¢ 2 N S H U A g oK 2
thy bR LU A 0N S, JF HLi A2 i Ok UL IS 5% F
kosin® + m(2m/A) = kyg 0 (ko 9 N 5 o R
PEHTBER, Ko 0 T o T SZ4RF HO) U 3 A D 0
R), HENE BIG A 5t 2 i SCRF S AR AT P AT
BEOR. XH, FATA KR BIG /iR SRS
BB (B = 1) AE R B0, J18h, NG R
el 37 % B 7 1) 2 BT 4 2T 1 7 AV ISE (TM g

6:

IR), WEHATEIRT, A 1 LSP HLR AT LA
WA RO

\
P \

f?/’ Chae

Quartz substrate

B1 (MTIRR) AT E, —4E a5 aiHir A
BIG BHAUREE £ (Z4nmE): 0 =AM, AR
S5 AW, NHYELL TM RIS A (MALE): o
b IR E AT K S, b2 BIG A BURMIEE, ¢
Fe MR AR

Fig. 1. (color online) The schematic model of the BIG
film embedded by a 1D gold grating in quartz sub-
strate. Left (3D perspective drawing): 6 is the inci-
dent angle, A is the period length. The light is TM
incident. Right (side-view): a and b are the width and
height of gold strip, respectively, h is the thickness of
BIG film, ¢t is the embedded depth.
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Fig. 2. (color online) Typical transmittance spectrum (a) and the corresponding TMOKE responses (b) of
the magnetic materials patterned with 1D gold strip grating with different embedded depths of 0 nm (black
lines) and 80 nm (red lines), respectively; simulated distribution of magnetic field |H| for (c) embedded

depth ¢t = 0 nm and at resonance wavelength of 800 nm and (d) embedded depth ¢ = 80 nm and at resonance

wavelength of 825 nm, respectively.
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Fig. 3. (color online) Variation tendency of transmissivity (a) and TMOKE response (b) under the different
embedded depths range(t) from 0 nm to 80 nm.
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Fig. 4. (color online) Variation tendency of transmissivity (a) and TMOKE response (b) under the different

embedded depths range (t) from 80 nm to 160 nm. White and green dashed lines represent the variation

tendency of two WG modes supported by the BIG film, respectively.

SR, B4 (a) A RS R 2R 43 S &2 BIG E
JEZHMBIG N EXXFFRIMH A A BEE S
MW B, BIG N J2 BIA RS FEZ WS, 5115
P 3 i i T A SO REAE 800 nm 1% /MK I8t B 4k 458
WOk, MR RET SR, skt L n. Mk, BIG
b2 A R BE RGN, AT SRR BT B R
B, W E AL AR, 75t KT 100 nm B BIG
JZ X FEI B A T i BB Ok, HF BB ¢ — 25
BT R ET LR, B4 (b) MR TMOKE Wi 57
AR, T LLE N TR R A KA E,
TMOKE M]3 i 1] U A .

BRI 4 (b) H &Rt iz 26 4k 1) TMOKE i 5. 4
WO AN, H R O B E R ORK AR TS T
ERSEERRI A, FHSL B RE (1) 2, i TMOKE
M) 7 () 3 5 32 A R TR R RGBS 2. S Tk
. TMOKE i B 2 H A3 3 2 512 1, FATHH
JE HH A 5 FEE e B T B S A Ak, B R IA 5K
Q = I(+M) — I(—M) KR TMOKE M B7 f# i
XA A RE B4 [N HA 45 4 AR AL o I
T I G R SR R 50 R R, 1T EL B BRI I S ekt
458 TMOKE Wl R (1 ok, ¥ 5 AFRATAR L i3 =
AR B 0 B A TR B Q-t R R, AT LAV 2
HF 2, B ¢ N0 nm BB INE] 80 nm, Q 5 ¢ &
R AR B L] 00 2R, X 2 HH T AR R ik S X
WOR AN LSP 598 3 B X 2 8] 1R R 5 2805 38 W A% ik

AL A B0, (2 ¢ B9 K/ VB 80 nm )&, Q
FOELASE T 2 T .

9
8.
L
S of
E L
i/ 5
= L
| 4
S s
j: —
= 2F
| e
0 20 40 60 80 100 120 140 160
t/nm
B5 BRI RN AR MR Q = I(+M)

I(-M) 5 AR FSNIRE @) £ FEABMRBEKT
(1 3 (a) 38 5 48 4 B0 B 15 P60 4 () %0 06 1 28 0 ) 00
K&

Fig. 5. Difference of the transmissivity Q = I(+M) —
I(—M) when magnetization is flipped with changing
the embedded depth in the wavelength of exciting
waveguide mode(in the position of dip of spectrum in

Fig. 3(a) and green dashed line in Fig. 4(a)).
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Fig. 6. (color online) Electromagnetic filed intensity
|H.| distribution in their resonance wavelength (green
dashed line in Fig. 4(a)) for three different value of ¢:
(a) t =110 nm; (b) t = 130 nm; (c) ¢ = 150 nm.
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Abstract

Transversal magneto-optical Kerr effect (TMOKE) has potential practical applications, such as biosensors, mag-
netic imaging, and date storage. However, these potential applications have been restricted by its very weak response
(about 0.1%) in natural ferromagnetic metal material such as Fe, Co and Ni. Fortunately, with the development of the
nanofabrication techniques, surface plasmons (SPs) are one of the effective strategies to solve this problem due to their
special ability to manipulate light on a nanoscale and concentrate the electromagnetic energy near the metal/dielectric
interface. Herein, in order to enhance the TMOKE response, we propose that a periodic gold strips array is embedded
into a magnetic dielectric film of bismuth iron garnet (BIG), which is supported by a quartz substrate. Using the finite
element method, we numerically study the optical properties of our proposed microstructure and the corresponding evo-
lution of the TMOKE responses due to the coupled optical modes dependent on the structural parameters. Particularly,
by optimizing the embedded depth of metal grating, a dramatic enhancement of TMOKE response (about 3.6%) is
achieved when the embedded depth reaches up to 80 nm, accompanied with a high transmissivity about 22.6%, which
is actually three time larger than that in the case that the gold strips are just patterned on the surface of the BIG film.
As the embedding depth increases further, the TMOKE response will be weak. The relationship between the TMOKE
response and the coupling efficiency of LSP resonance of the gold stripes and the waveguide (WG) mode supported by
the BIG film are also discussed systematically. As the embedding depth increases up to 80 nm gradually, the coupling
of the WG mode in BIG film with the LSP mode of the individual gold stripe becomes much stronger and forms a
highly efficient Fano resonance, which leads to the fact that most of the electromagnetic field is localized in the BIG film
and strong interaction with the BIG magnetic dielectric film, and thus, an enhancement of TMOKE response can be
observed. However, when the embedded depth increases further, the uniformity of BIG film will be broken. In this case,
WG mode cannot be supported by BIG film very well any more at the wavelength corresponding to excitation of the
LSP, which results in a weakly coupling efficiency between LSP and WG mode. In this case, the Fano resonance cannot
be formed and rare electromagnetic field can be localized in the BIG film, leading to a very weak light-magnetic dielectric
film interaction and the weak TMOKE response. Our study proposes a new method to realize the amplification of weak
TMOKE response by utilizing the plasmonic microstructure, which might have a potential application to designing the

high-efficiency magneto-optical devices.

Keywords: surface plasmons, Transversal magneto-optical Kerr effect, magnetic dielectric, waveguide

mode
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