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Fig. 1. (a) Schematic diagram of the sensing structure;
(b) cross-sectional view of the sensing structure covered.
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Fig. 2. Loss per unit length versus duty ratio for four widths Wug = 100, 200, 300 and 400 nm with different values of L1 = La:

(a) 600 nm; (b) 775 nm; (c¢) 1310 nm; (d) 1550 nm.
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Fig. 3. Loss per unit length versus the duty ratio for the asymmetric structure with different width of Ag nanowire: (a) Wag =

100 nm; (b) Wy, = 200 nm; (c) Wy, = 300 nm; (d) W,, = 400 nm.
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Fig. 4. Loss per unit length versus the duty ratio for the asymmetric structure with different width of Ag nanowire: (a), (e) Wy =
100 nm; (b), (f) Wy, = 200 nm; (c), (g) Wy, = 300 nm; (d), (h) Wy, = 400 nm. The lattice constants of Ag nanoparticle chain are
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017301-5


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

Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 1 (2022)

017301

b
< ) -
o[ — Wa; =100 nm —— Wa, =300 nm
== Wag =200 nm e Wag =400 nm
_3 . ) A ! . A . .
0.1 0.2 0.3 04 05 06 0.7 0.8 09 1.0
Duty ratio
3
¢
L@
1 -
S
| 0L gl
& J— e
T e e -
o — Wag =100 nm ——— Wjg =300 nm
- — Wag =200 nm  -eeee Wag =400 nm
-3 L L L L L L L L
0.1 0.2 03 04 05 06 0.7 0.8 09 1.0

Duty ratio

K5 g% R LIBCOR R, B A AR 15 A5 L e Z YOG R

ol — Wag =100 nm —— Wi, = 300 nm
== Wag =200 nm - Wag =400 nm

_3 \ \ \ \ \ h . \

0.1 0.2 0.3 04 05 06 07 08 09 1.0

Duty ratio
3
(d)

21 " —— Wiy =100 nm —-— Wy, =300 nm

1 == Wag =200 nm e Wag =400 nm

0

-3 L L L L L L L L
0.1 0.2 03 04 05 06 0.7 08 09 1.0
Duty ratio

(a) L = 600 nm; (b) L = 775 nm; (c) L = 1310 nm;

(d) L = 1550 nm. SEL KR XS FREGH , B R R XS FREH . X HBE ra N 1
Fig. 5. Loss per unit length ¢ versus r; with different lattice constants: (a) L = 600 nm; (b) L = 775 nm; (¢) L = 1310 nm; (d) L =

1550 nm. The solid line presents the the asymmetric structure and the dash line is the symmetric structure. Here, 7o is fixed at 1.
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Abstract

In this paper, a Mach-Zehnder interferometric sensing structure based on silver nanochains of surface
plasmons is optimized. The structure consists of a reference arm, a sensing arm and a nanowire waveguide.
Nanowire waveguides are composed of silicon nanowires wrapped with a certain thickness of silver. Introduce
two silver nanochains as the reference arm and the sensing arm of the Mach-Zehnder interferometer. And
research the transmission characteristics of the designed structure. Improve the accuracy and sensitivity of the
designed structure by reducing the transmission loss. Compared with two identical silver nanowires as the
reference arm and the sensing arm. After the reference arm and the sensing arm are changed to silver
nanochains, the transmission characteristics are significantly improved, and the loss per unit length is obviously
reduced. This is because the long-range or coulomb interaction between the unit structures of the silver nano-
chains enhances the electromagnetic field in the structure, thereby reducing the transmission loss. We set the
lattice constants of the two silver nanochains to different situations. The study found that under the wider
width of silicon-coated silver nanowires and certain duty ratios. The unit transmission loss of a structure
containing asymmetric silver nanochains is smaller than that of a structure containing symmetric silver
nanochains. It can be known that silver nanoparticle chains with small loss can compensate for the transmission
loss of silver nanoparticle chains with large loss. Using this feature, we further optimized the design structure
and changed one side of the silver nano-chain to nano-wire. Change the lattice constant and duty cycle of the
silver nanochain on the other side. We have found that in most cases, this type of structure has better
transmission characteristics than a structure containing two silver nanochains and a structure containing two
silver nanowires. Our design structure can greatly reduce the transmission loss of the traditional Mach-Zehnder
interferometer. Moreover, the fault tolerance rate is high in the preparation process of the structure. It has huge

potential application value in practical application.
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