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Section 1: Comparison of simulation results between the straight optical fiber sensor and the bending
structure (with same tapered diameter of 15 pm).

It can be seen from the electromagnetic field distribution diagram that with the same taper diameter, bending design to
form a lasso structure enhances the intensity of evanescent field on the surface of the taper region, and expands the
light-matter interaction region, which helps to enhance the sensitivity. In our previous work, there was a similar simula-
tion comparison, and the comparison of detailed experimental results also proves this point®'.
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Fig. 81 | The simulation results of the light field energy distribution of the tapered optical fiber sensor (tapered diameter of 15 um) when the struc-
ture was bent (lasso shaped) and straight.

When the ambient refractive index (RI) increases from 1.333 to 1.336, the effective RI of the micro-fiber (tapered di-
ameter of 15 pm, bending diameter of 3 mm) are calculated, which shows a growing trend.

The distribution of electromagnetic fields on the fiber cross section are also shown. Due to the bending of the optical
fiber, the stretching and extrusion of the fiber material makes the RI of the fiber at the cross section no longer uniform.
The equivalent conversion of bending induced RI changes of optical fiber material can be seen in reference®.

Due to the bending of the optical fiber, the RI on the cross section is not uniform, resulting in the decentered electro-
magnetic field distribution at the cross section. At the same time, it also makes the outer surface of the micro-fiber have
a strong evanescent field (green circled region in Fig. S2(b)), which can be seen in the intensity distribution of electric
field mode at the radial direction (y-axis) of micro-fiber.
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Fig. 82 | (a) Simulated effective RI of the micro-fiber (tapered diameter of 15 ym, bending diameter of 3 mm) when the ambient RI increase from
1.333 to 1.336. The electric field distribution diagram inside the micro-fiber is also shown here. (b) The intensity distribution of electric field mode
at the radial direction (y-axis) of micro-fiber with diameter of 15 ym (light blue marked region) in liquid with RI of 1.333 (light yellow marked region).
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Section 2: Simulation results of effective Rl of micro-fiber with different taper diameter and different bending
diameter when the ambient Rl increases from 1.333 to 1.336.
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Fig. 83 | The effective RI of micro-fiber as the function of ambient RI from 1.333 to 1.336. (a) The straight micro-fiber sensor with taper diameter
of 20 ym (a1), 15 uym (a2), and 10 ym (a3). (b) Lasso-shaped micro-fiber sensor with bending diameter of 3 mm and with taper diameter of 20 um
(b1), 15 pm (b2), and 10 ym (b3). (c) Lasso-shaped micro-fiber sensor with bending diameter of 2 mm and with taper diameter of 20 um (c1), 15
um (c2), and 10 pym (c3).

Section 3: The influence of different taper diameters on the response sensitivity of the effective RI of micro-
fiber with the change of external Rl is researched.

By horizontal comparison, Fig. (al-a3) present the effective RI of straight micro-fiber with taper diameter of 20 pm, 15
pm, and 10 pm as the function of ambient RI. When the ambient RI increase from 1.333 to 1.336, the effective RI of mi-
cro-fiber all increases. Besides, the smaller the taper diameter, the increase sensitivity is higher. When taper diameter in-
creases from 20 pm to 10 um, the response sensitivity of effective RI increases tenfold.

For lasso-shaped (bending diameter of 3 mm) micro-fiber sensor with taper diameter of 20 pm (b1), 15 um (b2), and
10 um (b3), when the ambient RI increase from 1.333 to 1.336, the effective RI of micro-fiber also increases. When ta-
per diameter increases from 20 um to 10 pm, the response sensitivity of effective RI increases to around 220%.

For lasso-shaped (bending diameter of 2 mm) micro-fiber sensor with taper diameter of 20 pm (c1), 15 um (c2), and
10 pm (c3), when the ambient RI increase from 1.333 to 1.336, the effective RI of micro-fiber also increases. When taper

diameter increases from 20 pm to 10 um, the response sensitivity of effective RI increases to around 170%.
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Section 4: By longitudinal comparison, the influence of different bending diameters on the response
sensitivity of the effective RI varies with the external Rl can be obtained.

When the sensor with a tapering diameter of 20 pum is bent from the straight state (al) to the bending diameter of 3 mm
(bl) and 2 mm (cl1), the response sensitivity of the effective RI changes with the external RI is increased by 4 times and 6
times, respectively.

When the sensor with a tapering diameter of 15 pm is bent from the straight state (a2) to the bending diameter of 3
mm (b2) and 2 mm (c2), the response sensitivity of the effective RI changes with the external RI is increased to around
180% and around 260%, respectively.

When the sensor with a tapering diameter of 10 pm is bent from the straight state (a3) to the bending diameter of 3
mm (b3) and 2 mm (c3), the response sensitivity of the effective RI changes with the external RI is increased to around
110% and around 120%, respectively.

All in all, the smaller taper diameter, as well as the smaller bending diameter, help to improve the response sensitivity
of the effective RI of the micro-fiber to the external RI variation. However, with the same degree of bending, when the
diameter of the micro-fiber decreases, the extrusion of the fiber material becomes weaker, resulting in weaker changes in
the RI distribution on the fiber cross section, so that the increasement of the response sensitivity due to the bending is
weakened.

Experimental measured interference spectra of lasso-shaped fiber sensors (bending diameter of around 2 mm) with
taper diameter of 18.7 um, 14.4 pm and 11.7 pm when the ambient RI increase from 1.3339 to 1.3369 are shown here,
and their corresponding response sensitivity are calculated, respectively. When the ambient RI increases, interference
spectra of lasso-shaped fiber sensors with different taper diameters are all shift to the direction of longer wavelength
(red shift). The fiber sensor with smaller diameter has a larger spectral response sensitivity. The sensitivities of lasso-
shaped micro-fiber sensor with taper diameters of 18.7 um, 14.4 um and 11.7 pm are 826.62 nm/RIU, 1037.21 nm/RIU
and 1432.29 nm/RIU.
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Fig. S4 | The interference spectra of lasso-shaped fiber sensor (bending diameter of around 2 mm) with taper diameter of (a) 18.7 ym, (b) 14.4
pm and (c) 11.7 um when the ambient Rl increase from 1.3339 to 1.3369. The corresponding response sensitivity of fiber sensor with taper diam-
eter of (d) 18.7 ym, (e) 14.4 ym and (f) 11.7 uym.
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