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Abstract The periodic arrays of edge-to-edge nanorod oligomer on glass substrate are designed to investigate the
magnetic resonances and to realize the Fano resonances. With the transverse excitation, that is, the polarized
electric field of the incident light is perpendicular to the long axis of the nanorods, the planar symmetric nanorod
trimer can obtain a single Fano resonance, while the metal-insulator-metal (MIM) nanorod oligomer can obtain
double Fano resonances. The near field electromagnetic distributions and far field extinction spectra of the nanorod
arrays are analyzed in visible to the near-infrared regions using finite element method. And the characteristics of its
resonance peaks and its realization mechanism are studied. The analysis shows that the near field coupling and
superposition of the localized surface plasmon resonance mode of nanorods excite its magnetic surface plasmons
(MSPs) to obtain the Fano resonances. In particular, the introduction of MIM nanorods provides more possibilities
for the realization of double or even multiple Fano resonances. The Fano resonances of designed nanorod oligomer
arrays have the advantages of low resonant loss and high quality with the bandwidth of 30 to 50 nm, which can be
potentially used in multi-wavelength biosensor, optical switch and other devices.
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Fig. 1 (a) Sketch of the designed nanorod trimer on x-y plane; (b) extinction spectrum of the nanorod trimer array
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Fig. 2 Electric field distributions at the center of nanorod trimer in x-y plane. (a) Resonance peak at 745 nm;

(b) resonance dip at 800 nm; (c) wavelength at 1050 nm

A5 L 37 i 4 T ) T A8 Ok R Kl B AH
A2 KA 14 M) B A A 10 nm s P IHG  RH AT 40 K 4 22 1]
i T LSPs B0 il & m 2 I S B . 7
745 nm Ab , B3 AR A AR QR OK R 1 R A R AL AE
800 nm Ab , L & 5t AE SR M F A P R L 7E 1050 nm
b N EE T AE AR . B TR R X RR A
A = 3 4 A AR X AR Y . #E 745 nm M 800 nm
Ak, A S8 A KA H TR T D g R AR R Dy s
LB T 1) AF S FROBR L L DT 9 & 15 A MSP
B IE R D B AE 1050 nm 4b = RAK Y H
Tl ) IR 5 A G #3514 T, RIS LSP A
XLIi0H BB, TEEBEMN, = RIEP YOk ER
Rt e AR A 2 R A 7 bR X FRiy . PRtk ar

Is

—w —

DL HY X AR R B 40 oK e = R AR 45 4 52 B Fano 3t
PREEA AT E T MSP Ml LSP B T3 & . th
I AL AT A ) L 45 4 % R X AR P R & Fano FH4R Y
WELZAT

B — A R MIM B gk e 5] AR 1 Ca) B
TR B ARK A = R = R AR RS B R YR
AR AR L WF 5T H £ & Fano LR 3% 52 ¥ 19 AT fig
PE. Kl 3(a) iy MIM BIGK R GRS y-= 118 1)
git R EE . IR SRR o gk Z b
AR RSE 0 & ok, 2 G oKk i Z ) N R s =
10 nm A S ABRE(SIO,) . B 3(h) S MIM A4k
PR A RBES 1 W .

Extinction /%

600 800 1000 1200 1400 1600 1800
Wavelength /nm

B3 () MIM BIGURIER K y-= SF TS5 F 7R TR (b) MIM B 400K 4% R & 7R 19 11 Dt ik
Fig. 3 (a) Sketch of the designed MIM nanorod oligomer in y-z plane;

(b) extinction spectrum of the MIM nanorod oligomer array
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Fig. 4 Electric field distributions of the MIM nanorod oligomer in x-y plane.

(a) At the center of the bottom nanorod trimer; (b) at the center of the top nanorod
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Fig. 5 (a) Effect of aspect ratio of nanorod on extinction spectra of the MIM nanorod oligomer array;

(b) effect of insulator layer thickness on extinction spectra of the MIM nanorod oligomer array
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