
















5. Experiments 

Fig. 8. Multimode fiber taper fabrication system. The LD (Laser diode) and the PD (photo 
detector)laser diode (LD) and the photo detector (PD) are used to monitor the tapering process. 

A taper sample with a taper ratio of 0.17 and a length of about 5mm was fabricated. A 
Coming standard multimode fiber was used for the taper fabrication. Its core diameter was 
62.5µm, cladding diameter was 125µm, and numerical aperture was 0.268. The fabrication 
system [12] is shown in Fig. 8. First, about 5cm of the buffer coating was stripped off from 
the fiber by dipping into acetone solvent for several minutes and then cleaning using ethanol. 
One end of the fiber was secured on a mounting post and the other end was loaded with a 
weight of several grams to produce a pulling force. The fiber was slowly tapered using a torch 
or micro-furnace to heat the middle of the stripped fiber. The tapering process was monitored 
using a laser diode and a photo detector. After the taper was made, the profile of the taper was 
measured using a microscope, and it might not be symmetric due to the one-sided pulling 
process. 

Experiments with the taper were conducted using the setup shown in Fig. 9. A uniform 
multimode fiber was used as a reference to eliminate the source intensity variation with time. 
A halogen lamp was used to serve as a white light source that covers the wavelength region 
from 400nm to 1200nm. The fiber taper was secured with epoxy in a copper U-channel. 
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Fig. 9. Setup of experiment, LI, L2, L3, L4 are lenses, the light source is a white light Halogen 
lamp, which covers the wavelength region from 400nm to 1200nm. 

Two test samples were prepared for the absorption measurement. Sample 1 was a solution 
of 20ml 20% dimethyl sulfoxide (DMSO) and 80% deionized water (DH20) with a refractive 
index of l.363(A=589.3nm). DMSO has a refractive index of 1.4780 and DH20 has a 
refractive index of 1.3333. The refractive index of the solvent of DMSO and DH20 varied 
linearly with the concentration, following the Lorentz-Lorentz law, which covered a refractive 
index range from water to the fiber core. The sample was transparent in the white light 
spectrum. Sample 2 was a 20ml DMSO solvent with the same concentration as sample 1 but 
with a O.lmmol laser dye IR-140 dissolved in. The laser dye had a broad absorption band 
from 500nm to 900nm with a peak absorption wavelength of 823nm. The addition of the laser 
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dye did not change the refractive index of the solvent. Transmission property could be verified 
using a series ofDMSO solvent samples with different refractive indices. 

The taper was immersed in sample l and the spectrum was recorded as I0 (the ratio of the 
outputs of the two branches: /~ / J REF ) . After the taper was cleaned and dried, it was 
immersed in sample 2 and the spectrum was recorded as 11 (the ratio of the outputs of the two 
branches: 1;/ I REF ). The absorption spectrum was obtained as log/0/ 11 shown in Fig. 10. An 
absorption peak around 823nm is evident, however the spectrum will not be the same as the 
spectrum of IR-140 because the evanescent wave power fraction is proportional to the 
wavelength according to Eq. (8); measured absorption spectrum in the long wavelength region 
will be strengthened. 
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Fig. JO. Measured absorption spectrum for IR-140 in a solution of 20%DMS0+80%DH20 
using a multimode fiber taper. The spectrum is superimposed by a 5-order best-fit function. 

6. Conclusions 

A theoretical model of cladded multimode fiber taper using geometric and wave theory was 
provided to study its transmission property and evanescent wave absorption. Numerical 
analysis was conducted on the effects of taper ratio, refractive index of external medium, and 
taper length on the sensitivity of absorption. Compared to uncladded multimode fiber taper, 
cladded multimode taper is mechanically stronger and also easier to manufacture. The 
sensitivity of absorption is lower than the uncladded one with the same taper ratio especially 
when R is small although both can be enhanced using longer taper. Also, the sensitivity of 
cladded multimode taper depends on the refractive index of the external medium. When the 
refractive index of the external medium is close to the fiber index, the sensitivity will be weak 
due to the presence of the cladding. Simple experiments demonstrated that the cladded 
multimode fiber optic taper could serve as a chemical sensor with sufficient sensitivity. 
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