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Nanofluidic channel-resonant cavity structure for measuring

micro-displacement of fluorescent substances
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Abstract: In order to measure the micro-displacement of a fluorescent substance, we propose a nanofluidic
channel-resonant cavity structure. Firstly, by using the Finite-Difference Time-Domain (FDTD) method, the
influences of the quantum dot’s polarization state and structural parameters on the coupling effect of fluores-
cence and structure are studied and the structure is optimized. Then, the micro-displacement of the fluores-
cent substance is detected by measuring the change in the optical power output of the coupled structure. Fi-
nally, the factors affecting the sensitivity of the sensors are studied. The results show that, compared with the
traditional method, when the refractive index of the nanofluidic channel-resonant cavity coupling structure is

in the 2.8~3.3 range, the structure can sense of the micro-displacement of a fluorescent substance with high
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accuracy. The results also show that the sensing sensitivity can be further improved by reducing the distance

between the nanofluidic channel and the resonant cavity.

Key words: nanofluidic channel; resonant cavity; quantum dots; micro-displacement
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Fig. 1 Two-dimensional model diagram of a nanofluidic

channel-resonant cavity structure

22 MIRFAE

TEAREE Y, SR Il R 22 7012052, X3
R 20 3 38 T T IR IR 5 S A A T T e R
IS AT . YRR X S F 2 (x, ) =(—4:4,
=5:5) pum, x J5 o] (%) [ A A B2 o 20 nm, y J7 W]
() I B R S nm, x, y J7 1) (3 A AR PR AR
h 5€ 32 DL B 2 ( Perfectly Matched Layers, PML) .
fift FAEAR TR (dipole ) FAFD o, P31
BB N 1.47~1.63 um, TE¥i 1 2 W EL YR
FMZOL IR, LA UTAR T y Jr 1A,
Vi J3E 5 I T 9 BE AR ], A H] ey ~F-TET b ) T HL 3
PRAF AT 55 40 it 38 1 - PR IR 5 5 A vh () reL 3
o3, Hoo A X8R (—4:4, —4.5:4.5) um.,
2.3 AR AN RIE

i RIS PO KRR dy ORI, &
UK R AR it 38 R A T AR I, T
IR B 7 T FE VS 4 s b AL 7%, IR & AT
W 1 3 %y, W& 2(a) s . BEE dy AW

N, B RUR G AT DAAE SRR 1 PR s v S R
T E, SRS AT IS, Ui 2, 3 Fath,
s 2(b) frzs o Jd i o 02 KB A OEZh
I SET N, SEBANH 1 s B SR

(a) dy BRI 1 7 A
(a) Schematic diagram of fluorescence coupling
propagation when d, is large

—_—

(b) d, B/ PO A R A
chematic diagram of fluorescence coupling
b) Sch ic di f {1 li
propagation when d, is small

B2 BRA R s A

Fig.2 Schematic diagram of micro-displacement detection
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Fig. 3 Coupling effect curves and electric field distribu-

tions of dipole source with different polarization dir-
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Fig.4 Coupling effect curves when the distance between the microfluidic channel, the lower waveguide and the resonant cav-

ity are different
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