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performance, which is mainly attributed to the increased evanescent field interaction with the
local environment.

Table 1. Comparison of the RI sensing performance between SP-SMS and DSPSMS

Process

Structure technique RIrange Sensitivity (nm/RIU) Reference

SP-SMS Side polish 1.33-1.39 65 [23]
Dual side- 1.3450- .

DSPSMS polish 14050 151.29 This work

Finally, the temperature dependence of the DSPSMS fiber structure is also investigated
both theoretically and experimentally. It is well known that the dimensions and refractive
index of the fiber structure undergo a slight change when the surrounding temperature is
changed, referred to as the thermal expansion effect and thermo-optical effect, respectively.
For a silica fiber, the thermal expansion coefficient (TEC) and thermo-optical coefficient
(TOC) are 6.9 x 10-6 / °C and 5 x 10-7 / °C. Here, when the TEC and TOC are incorporated
into the theoretical model introduced in Section 2, and the SPD is set to 20 um, we obtain a
transmission spectrum evolution within temperature range of 20 °C $40 °C, as shown in Fig.
8(a). From the model, one can see that the interference dip at 1495 nm undergoes a red-shift
as temperature is increased from 20 °C to 60 °C with an increment of 10 °C. The relationship
between wavelength shift and temperature is calculated and plotted in Fig. 8(b). From this,
the temperature dependence of the DSPSMS fiber structure is found to have a relatively low
value of 8.39 pm/ °C. In addition the temperature dependence of the DSPSMS fiber structure
is also investigated experimentally. The fabricated fiber sample is placed on a heating stage,
for which the temperature can be precisely controlled. When temperature is increased from 30
°C to 75 °C with an increment of 5 °C, the transmission spectrum evolution is recorded by an
OSA, and the relation of interference dip wavelength and temperature is plotted in Fig. 8(c).
From this, it is found that the maximum wavelength shift is just 0.6 nm when temperature is
increased from 30 °C to 75 °C. The measured results in Fig. 8(c) also present a step-like
tendency, which is a result of the limited resolution of the OSA used. The average
temperature dependency is as low as 11.15 pm/ °C. The discrepancy between the calculated
and measured temperature dependencies is attributed to certain uncontrollable factors such as
the surface roughness of polished fiber and the effect of temperature changes on surrounding
environmental parameters, such as humidity and air flow etc. In summary, we have
demonstrated theoretically and experimentally that our proposed DSPSMS fiber structure has
a low temperature dependence.
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Fig. 8. Temperature dependence of the DSPSMS fiber structure. (a) The calculated
transmission spectrum evolution with temperature increasing from 20 °C to 60 °C; (b) the
calculated and (c) the measured relationship between wavelength shift and temperature.
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5. Conclusion

In conclusion, a novel DSPSMS fiber structure is fabricated from a standard SMS fiber
structure by employing a side polishing technique, which is reported for the first time.
Through calculating the light propagation characteristic of MMF polished on both sides, it
was found that the resulting transmitted mode field distribution is dependent on the degree of
centro-symmetry and gives rise to complicated MMI patterns. The sensing performance of
this fiber structure was also calculated and these demonstrated that it has a high dependence
on SPD. Three DSPSMS fiber samples with different SPD values (4 = 10 um, 20 pm and 30
pm) were successfully fabricated and their physical appearance was compared with a standard
MMF using microscopic imaging. The experimental results have shown that over an RI range
from 1.3450 to 1.4050, the measured average RI sensitivity is as high as 64.82 nm/RIU for d
=10 um, 85.29 nm/RIU for d = 20 um, and 151.29 nm/RIU for d = 30 pum.
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