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Fig. 1. Schematic diagram of numerical calculation of elec-
tromagnetic field based on finite element method for the in-

teraction between nanoparticles and light.
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Fig. 2. Plasmonic resonance mode of an individual core-shell nano-structure: (a) The absorption spectrum excited by a linear polar-
ization; (b) the electric field distribution at 715 nm is a dipolar mode indicated by the charge distribution shown in the inset;

(c) the electric field distribution at 600 nm is a quadripolar mode indicated by the charge distribution shown in the inset.
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Fig. 3. Plasmonic resonance mode of an individual capped nano-structure: (a) The absorption spectrum variation with polarization
rotating from 0° to 90°%; (b) the electric field distribution at 615 nm is a dipolar mode indicated by the charge distribution shown in
the inset; (¢) at 840 nm, the resonance is known as a magnetic mode with electric field accumulated at the brim, while the charge
distribution in the inset indicates the polarization direction along the brim; (d) the electric field distribution at 670 nm is a quadri-
polar mode indicated by the charge distribution shown in the inset.
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Fig. 4. Plasmonic interaction between the patch/capped structures in the heterozygous dimer: (a) Excited by linear polarization, the
absorption spectrum variation with polarization rotation; (b) at 845 nm, the “hot spot” at the gap in the electric field distribution
shows the strong plasmonic coupling between the two modes, as shown in the inset; (c) the electric field at the point A of gap var-
ies with the polarization direction; (d) at 850 nm, the strong electric field is contributed by the capped structure and the distribu-
tion at the brim clearly indicates the magnetic mode when the polarization is 90°; (e) the spectrum variation at point B on the brim
with polarization rotation from 0° to 90°%; (f) at 730 nm, the electric field distribution clear shows the shell dominates the contribu-

tion.

037801-5


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. 71, No. 3 (2022)

037801

Absorption cross section/(10~1* m?)

0 15 30 45 60 75 90

Polarization angle/(°)

ot

N
T

w
T

[\v]
T

=
T

Absorption cross section/(10~1* m?)

(S (=}

00 600 700 800 900 1000
Wavelength /nm

5 IR TIRHGTSMEACIERE  (a) IR A T 2RSS IR SR TBURE A ST 2L SRS RE X I i A DG R UXT HE; (b) i

R S A — RO 23 T AL A B NI 7 A AR E 1Y e TR MK

Fig. 5. Absorption properties of the heterozygous dimer at near infrared: (a) The dimer exhibits a rather “flat” line compared to the

individual capped structure during the polarization rotation; (b) with random incident angle, the dimer still keeps a stable high ab-

sorption at the near infrared wavelength when the polarization rotates.
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A R YR U — SRR Y LSPR fEHIE &
BT K PIBETE, BIF5T F2 B A RORE AT B Ak 1)
PR D B2 3R 8 L 3 T Sl A S TR T
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A 5 5 T R T PN F 38 WS P RE A T L

AAFTEIT LTI BERGUE 1) = N, 12 AR 3] T 3
WEE AR . & 5(a) B, TEIRIR T ) iE
FerdRE R IS R IRAE 845 nm UTLT AL
I EAREAERAR RS BE, LR 4 B 1R
ORI, Z R M RE AR TP 1) LSPR #
A5 RERAR BA Sl N TR ) LA 2
S, PIFEB E A T 845 nm %4k I, 5L
BT B ERE B AMEE. 3 E MRS SR,
TR WP R T ARSI LT AN BEE AT . 7R 18] 5(a)
W OGS T VR 2 Bl I, AR — ek,
P 5(b) HLAREHLAST M 0 HEATI0K, 5 B — 3L,
TE 845 nm JRIHEE @ w5 I

4 % b

A BR8] ) AR AR S R e B 2L
MR NI B A3 TR R HT, (2 ek
B, EEZIRT RSSOt Y
7 T} AHOC R . BRI R, A SCHR HY o 54
JE AN ABORE ] B LSPR AL IRAR5 1 FHAME S 4G
R BRI LA MAERE, ARAS AR TR G
RT5 1w ) SR ARG R 4 e WOV RE . 3 e B (A
TR, WIEh TS E- e 0 SRR £ HTBLEE,
MBS EJ0UE T AMEIT ST AR SCHR H Ah
BEITEA R IR T30 T RS IE- S5 4k, Al LA
AL Ry Z2 R o B0 RE 1) WP BE BRI
G BER AL I AT I, TR LS 28RS
I PIE TP BA T Z BBV ). AR SR THE R
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Abstract

The plasmonic anisotropic nanostructure possesses the enhanced surface electric field and unique optical
properties in near-infrared spectrum, thus it has potential applications in nano-optoelectronics and medical
sensing. To obtain the best property, the excitation polarization normally needs to match the orientation of the
structure. The strong polarization dependence, however, greatly limits the excitation efficiency. In this work, a
patchy structure is introduced to release the dependence of polarization. In the proposed method here in this
work, the lost properties due to unmatched polarizations are compensated for by the plasmonic resonance
coupling between the patch and capped structure in the heterozygous dimer. By overlapping the two modes at
the same wavelength, the absorption keeps rather stable undisturbed status during the variation of incident
polarization. This work focuses on the theoretical exploration of the feasibility. Electromagnetic field in the
interaction between light and heterozygous dimer is essential before extinction coefficient is calculated. The field
of the model is obtained by solving Maxwell equations through using the finite element method. The numerical
calculation presents a good understanding of the mechanism of the plasmonic interactions in the dimer, based
on which the nanostructure with optimized configuration parameters can achieve the stable and high absorption

in the near infrared wavelength.
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