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Study of nano-light source using a surface plasmon polariton for the spin-wave excitation
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* Souta Yoshihara!, Takuya Matsumoto!, Yoshito Ashizawa?, Katsuji Nakagawa’

Excitation of near-field light using propagating surface plasmon polariton (SPP) was examined by the Finite-Difference Time-
Domain method for future spin wave device. Layer structure of plasmonic waveguide for long distance propagation of the SPP was
optimized. Propagation of long range surface plasmon mode was observed at the optimum waveguide structure. Near-field light was
generated at the tip of a plasmon antenna by the SPP. The light intensity, full width at half maximum in y-direction and x-direction are
2.2 (V/m)?, 5.5 nm and 10.5 nm respectively.
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Figure 2 Power density at a point of x =50 um as
a function of Au layer thickness.

1: BRET -Be@D) - & 2: BRETL - #8 - &

1072



T 28 £ BAKRFHEIZF

3. SPP % A\ T-3r#Ess it

a=20nm (ZFBWT, {&fifd 5 SPP 2 VT, it
T B2 0DT T AT T FDOT T TR LIZD
WTHRT L7z, v 2 b—3 3 T /L% Figure3 (T°7
JERER X, Ta0s (1,000 nm) /Al,O3 (400 nm) /Au (20 nm)
IA1,03 (490 nm) / Y3FesO1 (YIG) (40 nm) / GdaGasO12 (500 nm)
EL, YIG LD ALOs NEBIZ =ATZIRD Au 7> T7 F %5
S EE 40°, FRJE 40 nm T SPP OA&HRIT AN E /> & TH A,
W25 K HEE Lz, 77K L =50, 100, 200, 300, 400
nm O=MJET T F DIl IT D YIG WD ESR
SR DI 21T o7, 2 2 b—y a3 VTRV RFEER
% Table 1 (Zrd @34, SEFL OBEREMHE, Eomat L [F
CHDE AW

T T AR HESRE FEDOT /TTE L
1&TFE% Figure 4 \_/TT T TR L OB,
TSR OO B SR T SEAHEN L, L3mmn@k
FRAMNE22(VmP? 2~ L7z, L=300nm (BT H7 7
TSy D y F 1A K O x F R OAFEEZ Figure 5 (27
PAENEIL, ZNEH FWHM,=5.5n0m, FWHM,=10.5nm %
W NEROEBINRETH D Z L &R LT

,
—

KL,

4. £

it L 7= SPP & W lm B e D 7o D& T 7
FNZONTHETEIT > 72, SPP NN EIEEHAHE 5 7= D
Gtk ROSEHEG A AR T 57T XE T T F O
% FDTD LI CTHENT 21T > 7=, SPP B EIEEIRT 57
&D@%ﬁ:k L CA AR tanos = 400 nm, BB ta, =
20 nm ([ZBWTRBEHMAIT 2 2 L3 bonro72. SPP #H
wkﬁ%%tﬁt@@ﬁkbf,77%%/7/%+®7
7R L=300nm OFF, BEHRIEE REDRANEL L
7o, F7z, HEEEBIIA 10nm UL 25 2 AR LT

e

AWFFED—HBIE, AL 25~29 4FBE SR RASL R
BRI FEEAR TR 6 (S1311020) DRk ZS21T T
1T,

ZER

[1] Takuya Satoh, et al., Nature Photonics 6, 662666 (2012).

[2] Edward D. Palik, ed., Handbook of Optical Constants of Solids
1, p. 294 (Academic Press, San Diego, 1998).

[3] Edward D. Palik, ed., Handbook of Optical Constants of Solids
2, pp. 70, 770 (Academic Press, San Diego, 1998).

[4] K.-H. Hellwege, ed. : Landolt-Bornstein New Serise 1II/12a
Magnetic Oxides and Related Compounds Part a Verlag,
Berlin Heidelberg New York, (1978)

B FiEES TRE

light source
z[nm] wavelength: 780nm
60 "~ Ta20s 1000 nm
~ LRSP __ Al2O3 400 nm
Al20s  § 490 nm 1,
Gd,Ga.0., 500nm /7
/
3500 0 /1000 8100
Au T x [nm]
40° 20nm Au
450 nm|]  Al0s
y Zt 40nm 31
40nm YIG
% % Gd,Ga.0,,

Figure 3 Simulation model.

Table 1 Optical constants used for the simulationf 3.4

Media Refractive Extinction
index coefficient
Taz20s 2.17 0
Al203 1.76 0
Au 0.174 4.86
YIG 2.16 0
GdzGas012 1.95 0
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Figure 4 Power density at a plasmon antenna tip as a
function of antenna length.
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Figure 5  Distribution of power density in y-direction

1073

(a) and x-direction (b).



