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a shorter wavelength, reaching a stable value after several minutes. This effect was observed in each of the exper-
iments with different field strengths. We believe the initial drift was due to the fact that the magnetic field was 
created by permanent magnets whose cross section was smaller than the sensing length of the MFC (determined 
by the length of the MFC covered by the MF). Immediately after the initial application of the magnetic field the 
nanoparticles in the magnetic fluid moved towards the center of the MFC, causing a small change of the RI and 
the corresponding wavelength shift. Once the localized concentration of magnetic particles within the magnetic 
field cross-section becomes stable, no further changes in the RI of MF occurred when the magnetic field direc-
tion was rotated in the X-Y plane. The results of this experiment (after the transmission dip position stabilized) 
are shown in Fig. 8(b). It can be seen that the transmission dip wavelength does not shift as the magnetic field is 
rotated in the X-Y plane. This can be explained by the fact that in this configuration the magnetic field direction 
is perpendicular to the MFC axis at all times, and thus the particles density along the MFC is always symmetrical. 
When the magnetic field direction is rotated around the Z axis, the nanoparticles’ density does not change, so that 
the surrounding RI remains the same. The above experimental results could be used for improving the sensitivity 
of the proposed fiber structure and the development of a 3D-magnetic field sensor.

Conclusions
A MF based sensor of magnetic field using a combination of a MFC and a Sagnac loop has been proposed and 
studied both theoretically and experimentally. When magnetic field acts upon the MFC waist section covered 
with the MF, the overall interference spectrum changes due to the variation in the magnetic fluid RI. The small 
waist diameter of the MFC leads to a large proportion of the evanescent field in contact with the magnetic fluid 
and this enables a stronger influence of the RI of the medium surrounding the MFC waist on the resulting inter-
ference spectrum of the structure, leading to its high magnetic field sensitivity. We have developed a simple 
theoretical model, allowing for the analysis of the influence of different parameters of the proposed structure on 
its interference spectrum. The model agrees well with the experimentally measured spectra.The sensitivity of the 
proposed sensor can be enhanced by shortening the length of the PMF section. The maximum magnetic field 
sensitivity of � 488 pm/mT in the range from 0 to 200 mT has been experimentally demonstrated with a MFC of 
small waist diameter (~2.6 μm) and PMF length of 20 cm. We studied the hysteresis behaviour of the sensor and 
demonstrated that the value of hysteresis is small. We also studied and analysed the influence of the magnetic 
field direction on the sensor’s response. This proposed sensor offers advantages for applications requiring higher 
sensitivity and a wide magnetic field range.

Methods
In the manuscript, the proposed theoretical model based on the coupled-mode theory was analyzed numerically 
by means of Matlab software package (Mathworks).

The MFC was fabricated by simultaneously tapering and fusing two standard single-mode fibers (SMF-
28) using a method known as the microheater brushing technique19. An MFC sample with a waist diameter 
~2.6 μm was used in our experiments. The PDMS container was fabricated to a cuboid with a slot cut through 
its center along the long side. The MFC was immobilized within the slot by securing the output fiber ends with 

Figure 6. (a) Calculated sensitivity versus magnetic field strength in the range from 0 to 200 mT; (b) Measured 
wavelength shift of the selected transmission dip (at λ0 � 1544.48 nm, PMF length 75 cm) against increasing 
magnetic field from 0 to 200 mT (red) and decreasing back to 0 mT (blue); (c) Measured wavelength shift of the 
selected transmission dip (at λ0 � 1554.88 nm, PMF length 20 cm) against increasing magnetic field from 0 to 
200 mT.
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a UV-curable glue. Two small holes in the top cover of the container are located above the ends of the slot for 
injecting the MF liquid and exhausting the air.

The MF sample (IO-A10-1) was employed with 10 nm Fe4O3 particles at a concentration of 1 mg/ml, which 
was purchased from Cytodiagnostics Inc.
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Figure 8. (a) The experiment set up for measurements of the angular filed dependence in X-Y plane; (b) 
Wavelength shift from λ0 when the rotation angle changed from 0° to 360° in the X-Y plane.
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