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Fig. 1. Array of metallic nanoparticle dimers (Inset: Arrange-

ment of the dimer).
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Fig. 2. Comparison of the transmission of two different structures under illumination with different polarization: (a) The diagrams

of the two arrays; (b) the transmission spectrum of the dimer under different polarization 6, = 30°,60°, 120°, respectively; (c), (d) the

calculated transmission of the single particle array and the dimer array, respectively.

024201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 2 (2021) 024201

Fed E 2(c) A 2(d), W] LIAR B S & R &
225, DIRIA LR, IR, Sk Jo k80 5
XL K R, PR LS 2 B B P 3 F AN,
Bt e, B I RN, AR5 A 2 (8]
(R FE ERR A i A 5 B, TR I 7 X — I B 11 3 1o
W I T RE RS EIH7E 300, 230 F1200 nm
07 B LT 3 AR AY, 3T BRI
I, I TIReTTE, T30k 3 AR o3I FR o 3
P 1, 3R 2 AR 3. ARPEE 2(b) A SR, %
AR PR 7 5 R AAORL T4 2k Oy W M AT (TR
L) X PHFPRRERE O, BT AR B 2 JEME— k4
AR AEIR A S AR T A 3094846k 1200, 2
P 2 (7B A AT ZE RIS R, TR T L)y
Pk 2 J& 5 IR b, WIFPRL T 2 (B A BRR S
FHOCHY, PR 2 B AR 5 1) S i . i At e
SERAAH I — 24 5, AT eI RE S T s
FERIEARL A, B IR IC 4.

TR, BT RARGER AR X HEAREH] 1) 3
PRFFE S TSNS, PR HR T 1R
(T A A | BMRUERLF 1 B)248 71 = 60 nm
FI RS B R a = 400 nmURAR | 9 H A A8
(R 75 18] B 1 2 15 0] — 2R A ) HLAth P A2 1Y)
S i 1) AR Z I B ra; 2) R IARHHZR
J7 1) SRR 7 10 () J& £ O 3) BT 2 AR R/

—~
o
=

RE D T W

550
500
450
400
350
300
250
200
150

AWK /nm

0 30 60 90
BT/ (%)

K3 TERFRIRGHAL T, B Z R IR E 5 A B i A L]
T A VR R

r2. FIASERTEE] 3(a) PATEAPRE, B 3(b)—(d)
3R T S iR ST RS SR iR Y
THAVER. YIS R, TR EYE
ArA ra = 200 nm | 0 = 30° fflre = 30 nm .

Bl 3 AR B EEA 5 5 2 —F, AL E
MR 1 5PN HIEIZ A O, XEh T
YA T RARIBIEE ra FURL T 2 248 ro HE WA XHZ I
PR P2 AR K. A — RARAY3 17] 00 X 1
FEAE U R BRI 24 SRR 5 3 R ) — 2L
BF, 2RI K. X — R T LU RN T : AESM
YVERS, B— AR #] LLAF RO — > B AR R
5, T LA 4 S S e rh T e, TR R R
FOr . I, 24 0a = 0° i, PR 451 2
] A B 55, FRTH O [z, 2 0a = 90° I, P
Flokr B9 2Z (B RN A Bk . iR 3 AR 5 Bk 1
AR B FLIRAT 56, B A SRR RAR R, 1%
YR A K& A B B AR .

£ F 200—250 nm Z AR 2 AR5 R
TRESFIRISE, = AS B AN R A = E
TR TEHIER. B 3(b) M, 24 ik
7 1) B AR e I A ) A A R 5 3 5, P41 3
PRI KA IS RS, Bl — SRRk [ BE AR
K, R A AR S, AR i T 2
PR R, 1 3(c) M, Mg imiic 5 —

R K /nm

Bk /nm

550
500
450 1.0
100 —

350 0.9
300

B F-2242r, /nm

(a) TFRMB B HSEE L; (b), (c), (d) ZRIKLSH B

Fig. 3. The transmission of the square array of the nanoparticle dimers under illumination of z-axis polarized light: (a) The calcu-

lated model and the parameters definition; (b), (c), (d) the modulation on the array transmission by adjusting the dimer arrange-

ment.
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Abstract

Surface lattice resonance (SLR) relies on both the lattice structure and its unit cell, which usually contains
metallic nanoparticles. Since the full width half maximum of the lattice resonance is much narrower than that
of localized surface plasmon resonance of a single particle, it is receiving attention increasingly. Based on the
modified long-wavelength approximation, in this paper we derive an analytical expression for the extinction
cross section of the dimer array of metallic nanoparticles.

Comparing with the single particle array, good tunability can be achieved by the lattice resonance of the
dimer array, which is influenced by more factors, including the arrangement of the array, the structural
parameter and the rotation of the dimer, the shape and size of the particles, etc. First, the polarizabilities of the
two kinds of particles in the dimer array are adjusted by introducing a matrix of the array factors, which take
into account the influence of dipole fields of every particle. Then a simple expression of the resonance condition
for the SLR of the dimmer array is obtained. The proposed model can be applied to a wide variety of dimer
arrays of ellipsoid particles, and the applied method can be generalized to more complicated structure like
polymer arrays. In this paper we further discuss the polarization dependence and ability to modulate the lattice
resonance, by changing the excitation condition and the structural parameters of the dimer array. It is found
that the resonances of the dimmer array can be classified as three main categories. The resonance related to the
particles is independent of the variation of the dimmer arrangement or the array structure. On the other hand,
the resonances corresponding to the dimmer and the array rely crucially on the structural parameters. By
carefully adjusting the structural parameters, we can modulate the specific resonance effectively. This research
is of theoretical importance for studying the SLR for more complicated structures and may find potential

applications in the design of new photoelectric chip via nanoparticle array.
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