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Abstract: Metallic nanostructures can enhance light-matter interaction arising from the surface plasmonic
resonances, which is highlight on optics for many applications. A tunable optical property can be induced
by plasmonic resonance, leading to the significant electromagnetic field enhancement, as well as the
position of the "hot spot" at a tiny nanogap. Analogue of the diffractive optics, an alternative method of
multiscale cascaded field enhancement with a simple metallic nanostructure, double stacked nanocone
(DSC), was proposed in the article. In detail, a tunable hybrid mode was achieved from the strong
interference between a fundamental plasmonic cavity mode and a plasmonic gap mode. Furthermore, it
led to a far-field optical response at a certain wavelength. The position of the hot spots can also be
mounted on the top surface of the DSC nanostructure. Additionally, a technique of mask reconfiguration
was developed to precisely fabricate the multiscale DSC nanostructure, which can benefit to construct the

necessary three steps in the nanostructure. The experimental results also provide a substantial evidence to
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demonstrate the art-of-state of the multiscale cascaded field enhancement, as well as the technique of

nanofabrication.
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Fig.1 Schematic of the structural of the multiscale nanostructures

DSC device
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Fig.2 Schematic of the fabrication process of multiscale DSC

nanostructure array
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Fig.3 Diagram of scanning electronic microscopic of the DSC and

NCs nanostructures

S 56 235 2R U I R 1 AP B AS A R A N R i T
HORBEA M 1 2 RE KRS

2 BR5®

2 LB B EOE A8 I A=514 nm AL BR R
DSC 2 KU 9 oK 45 46 2 K 7™ A6 0 35 11 3 1 58 0 4R
AR, T % NCs fl DSC 2§ 1 11 it /i 37 4t
PR . B, a8 ad NCs 98 K 45 #4135 IR 11 388 4R
W (B 7 B o NC 5 S5 s . 9 KkRER
Po=390 nm , 5 FF hy= 250 nm, A 48 ) NCs Ji§ 3% [a] it
g=10nm, & 1% & p=400nm , R F /™ 4% HE 5 B 505 1
B NC 9K S5 (48 37 S FIBOBOG S, e 4(a) ir
/R o fE NC [ 51t 7 A 1y LSPR 7£ 570 nm Jff 3 , J& Jit
AU 5 Jmy 3 LSPR #5228 NC G” #i5X . NCs [4 %]
£ 450~500 nm {5 [l 4 6 & 20 i — A~ S8 i, J& NCs 4

0934001-3



Gk TR

% 9O i

www.irla.cn

£16%

KRGS B B HERL ARiC  NCs O, A 4(a) i o

ot —2, g A M B PR, R CST
PEAT R NC 9K 25 1) L G 5 0 A, el 5(e)
SO PR . B 5(e)Fran iy NCs C Y75 Ai R W 3 K
Yt 5843 JR UAE AR 4R NCs TRE 99K [0l B AL , #8535
O AT AR B R X R R A 7E T NCs Bl i
A58 T 08 29 oK 1] BT 194 255 J=y Jek b LSPR H 52 . 151 5(f)
7R AE NCs 9 K 4544 119 i 798 18] Bt Ak i 77 A5 — > 2 5K
(NCs G"), ZAHAB W NCs 44K 4544 1) LSPR, 5 G” 1
KA, 25 B HOoC BN (NGs O) 0 HAR B K .
NCs C #8305 WU i) L 2 80 VIR %

100% (a)
90%
80%
70%[
60%
50%[
40% G’

30%[ o Reflectance
20%[

100 N
400 450 500 550 600 650 700 750 800
Wavelength/nm

Absorption

Intensity

100%[ DSC (b

Absorption

Intensity
W
S
X

Reflectance

9100 450 500 550 600 650 700 750 800
Wavelength/nm

(©)

90%[
80%[
70%[
60%

Intensity

50%
40%

30% / . . . . . . )
400 450 500 550 600 650 700 750 800
Wavelength/nm

[ 4 DSC Fit NCs 44 K 45 ¥ 1) 326 373 't 2 Wi 17, () F1(b) 23 5] & DSC
HI NCs 49 K 25 1 9 338 1 5548, (o) /2 52 50 I 4 (.

Fig.4 Optical response of far field of the DSC and NCs nanostructures,
(a),(b) are theoretical results of the (a) DSC nanostructure and

(b) NCs nanopattern, respectively,(c) is experimental results
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Fig.5 Simulated normalized electric field amplitude distributions in

the DSC nanostructure and the NCs nanopattern. (a)—(d) are
the fundamental C' mode, the hybrid cavity C" mode, the
top gap G', and the bottom gap G” mode of the DSC
nanostructure, respectively. (e) and (f) are the top gap G,
and the bottom gap G’ mode of the NCs nanopattern,

respectively
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