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Fig. 1. (a) 3D schematic diagram of the waveguide-concentric ring resonant structure model; (b) 2D schematic diagram of the wave-

guide-concentric ring resonant structure.
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Fig. 2. (a) Schematic diagram of the power curves under different polarization states; (b)—(d) the electric field diagrams of the

quantum dots at the wavelength of 1281 nm under three different polarization states of XYZ.
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Fig. 3. Fluorescence output power curves of different upper

waveguide widths.
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Fig. 4. The fluorescence output power curve of the material

with a refractive index of 2.7-3.0.
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Fig. 5. Fluorescence output power curves of different ring

spacings.
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Fig. 6. (a)—-(i) Electric field distributions with ring spacings of 0, 50, 100, 150, 200, 250, 300, 350, and 400 nm (A = 1281 nm).
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Fig. 7. (a), (b) Schematic diagrams of the fluorescence output when the ring spacings are 350 nm and 50 nm, and the motion range
of the fluorescent quantum dots is 0-1000 nm; (c) when the ring spacing is 50 nm, the wavelengths are 1280 nm and 1325 nm.

Fluorescence peak power curve graph when the motion range of fluorescent quantum dots is in the vicinity of 0-1000 nm.

= 300 = 300
g g
3 3
4 200 & 200
- -
3 3
5 100 = 100
3 3
o o
A0+ . T . . A0+ . . T T
1260 1280 1300 1320 | 1340 1260 1280 1300 1320 | 1340
Wavelength/nm l Wavelength/nm l
250 250
(c) —=— A =1281 nm (d) —e— A=1281 nm
—4— A =1325 nm —»— A =1325 nm
. 200} w 200F
h=1 h=1
g g
=] =]
5 150 F 5 150 F
- -
3 3
~ ~
) ey )
2 100 } 4 100
o 9
=N o}
A A
5 50t 5 50t
[l [l
0r 0r
0 200 400 600 800 1000 0 200 400 600 800 1000
Displacement/nm Displacement/nm

K8 Ot T AR FERTE 0—1000 nm 2L  (a) A TAEMPEOCI G R BIE, (b) B 5-FRIE R i 50 D) 2k R
B (0), (d) PEKTE 1280 nm 5 1325 nm BT I, PS5 H 1952040 Hh D32 050 i 2k 7

Fig. 8. When the motion range of fluorescent quantum dots varies from 0 to 1000 nm: (a) The schematic diagram of the fluores-
cence power output of this work; (b) the schematic diagram of the fluorescence power output of the waveguide-single resonator;
(¢), (d) the fluorescence output power peak curves of the two structures when the wavelength is around 1280 nm and 1325 nm, re-

spectively.
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Abstract

The dynamic tracking and detecting of nanoparticles in micro-nanofluids have always been a challenging
and demanding task. In this work, an integrated model of waveguide-concentric ring resonator is proposed based
on the waveguide-concentric ring resonator. The change of the fluorescence power intensity outputted by the
cavity coupling structure is used to realize the micro-displacement detection of nanoparticles in the micro-nano
fluid. Because the ring micro-resonator has the characteristics of high @ and the sensitivity to the surrounding
environment, the sensitivity of the device is greatly improved. The finite-difference time domain method is used
to study the parameters such as the polarization state of the fluorescence and the distance between the two ring
resonators. The double-peak change of the fluorescence output power can be used to detect the displacement of
the nanoparticles with high precision. Based on the synchronization of the double-peak changes, the detection
can reduce the influence of environmental noise and improve the detection accuracy. The numerical simulation
results also confirm that this method can measure the micro-displacement of nanoparticles in nanofluids in a

range of 0-1000 nm, providing new directions and ideas.
Keywords: nanoparticles, micro-nanofluidics, ring resonator, biodetection
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