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Abstract—  An experimental investigation of the Q-factor of 

whispering-gallery modes (WGMs) of commercial optical fibers 

as cylindrical optical microresonators with slight axial non-

uniformities is presented. The radius profile along a length of 

the fibers was measured with sub-nm resolution using WGMs. 

A large spectral broadening of WGM resonances was observed 

in fibers with radius fluctuation in the range on few tens of nm. 

It is shown that there is a correlation between the Q-factor of 

the WGMs and the slope of the fiber radius. 
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I. INTRODUCTION  

Optical WGMs are resonances formed in circular 
structures where light can recirculate and interfere with itself. 
They can be excited in different dielectric microstructures 
such as spheres [1], rings, toroids [2] or cylinders. Such optical 
resonances are supported by the refractive index step between 
the dielectric material and air, and their fields are tightly 
confined near the surface of the microresonator. The quality 
factor (Q) of these resonances, defined as the ratio between 
stored energy and dissipated energy in a cycle, can reach ultra-
high values, up to 10� . This feature allows using them in 
many applications [2], particularly for sensing [3]. The 
development of sensing applications based on WGMs rely in 
part on the Q-factor of the optical resonance; the narrower the 
resonance, the lower is the detection limit. 

Commercial optical fibers are commonly used as 
cylindrical optical microresonators due to their availability, 
ease of use, and good surface quality. Additionally, 
commercial optical fibers exhibit an excellent axial 
uniformity, with typical radius variations in the nm scale along 
fiber lengths of tens of cm [4]. Such an axial non-uniformity, 
although very small, has a significant impact on the WGMs 
due to their high Q-factor. In the present work, we investigated 
experimentally on the spectral broadening of WGMs 
resonances in commercial optical fibers caused by the lack of 
fiber uniformity, and we obtained a good correlation between 
the fiber radius slope and the bandwidth of the optical 
resonances.  

II. WGM’S FUNDAMENTALS 

Resonant wavelengths and optical fields of WGMs can be 
calculated by solving Maxwell’s equations in an infinite 
dielectric cylinder for waves propagating in the azimuthal 
direction [5]. WGMs in a microcylinder are separated into 
two families according to their polarization, i.e., transversal 
electric (TEz) WGMs, and transversal magnetic (TMz) 
WGMs. Selective excitation of WGMs of one of another 
family can be achieved by control of the polarization of the 
excitation optical signal. The resonant wavelength, ��, of 

each WGM can be expressed in terms of an effective 
refractive index �	

, and depends on the mode order �, and 

the radius a, as follows, 
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For a given WGM, a small change in the fiber radius 
∆� leads to a shift of the resonant wavelength ∆�� that can 
be approximated by, 
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III. EXPERIMENTAL PROCEDURES 

Fig. 1 shows a scheme of the experimental setup. We 
employ a narrowband tunable laser (TL) centered at 1530 nm 
as light source. A fiber polarization controller (PC) is 
included to select the polarization of the excitation signal. 
The excitation of WGMs was achieved by evanescent field 
coupling [5] using a 3 �m waist fiber taper, fabricated at our 
facilities. In all experimental measurements, the fiber taper 
was positioned in contact with the fiber under test (FUT). A 
photodetector (PD) and an oscilloscope (OSC) is employed 
to register the transmittance spectrum of the system. An 
optical wavelength meter (WM) with 1 pm accuracy was used 
for the measurement of the WGMs’ resonance wavelength. 

 

Fig. 1. Experimental setup used to register the transmittance spectrum. 

We investigated two commercial optical fibers, a 
photosensitive fiber PS1250/1500 from FiberCore Ltd., and a 
standard telecommunication SMF-28e fiber from Corning Inc. 
For each fiber, a given WGM was selected, and its optical 
spectrum recorded at different axial positions along the FUT. 
Measurements were repeated several times to ensure 
consistency of the results. 
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IV. RESULTS 

Experimental measurements of the WGM resonance 
wavelength along a section of FUT are shown in Fig. 3 and 
Fig. 4, for PS1250/1500 and SMF-28e fibers, respectively. 
Using Eq. (2), the radius fluctuation along the fibers was 
calculated, and it is depicted by the right axis. Fiber 
PS1250/1500 shows a variation of 120 nm along 11 cm fiber 
length, while SMF-28e fiber shows a much more uniform 
profile, with a radius variation of only 2.2 nm in 10 cm of 
fiber, which represents a 3,2 ∙ 10�� %.  

Fig.3. Measured axial profile of PS 1250/1500 fiber. Left axis: 
experimental WGM resonance wavelength. Right axis: radius change 
estimated from Eq. (2).  

Fig.4. Measured axial profile of SMF-28e fiber. Left axis: experimental 
WGM resonance wavelength. Right axis: radius change estimated from 
Eq. (2).  

The WGM transmittance spectrum recorded at three 
positions along the fibers are included in Figs. 3 and 4. In the 
case of SMF-28e fiber, no marked differences can be noticed 
in the shape of the transmission notches. However, spectra 
recorded in the case of PS1250/1500 fiber are remarkably 
different. Thus, we investigated the bandwidth of the notch 
along the fiber and we contrasted it against the fluctuation of 
the fiber radius. Figure 5(a) shows the fiber radius slope 
(∆� ∆�⁄ ) along the fiber section, while Fig. 5 (b) shows the 
measured full-width at half maximum (FWHM) of the 
notches. A correlation between FWHM and radius slope can 
be observed. The lowest FWHM values were obtained at fiber 
locations with radius slope close to zero. The increase in 
FWHM closely agrees with the increase in fiber radius slope.  

 

Fig.5. (a) Slope of the axial profile of the PS 1250/1500 fiber. (b) Full width 
at half maximum of the WGM measured in PS 1250/1500 fiber. 

V. CONCLUSIONS 

The bandwidth of WGM resonances of two commercial 
optical fibers, and its dependence on the fiber radius 
uniformity has been investigated. The fluctuation of fiber 
radius of SMF-28e fiber was within the nm scale, and 
changes of FWHM along the fiber were within our 
experimental uncertainty. The PS1250/1500 fiber shows a 
larger radius inhomogeneity, and resonances become clearly 
wider resonance. Our results show a clear correlation 
between radius slope and spectral width of the WGM. This 
effect can be explained by considering that, in zones with 
large radius slope, the resonator behaves as a cone with a 
small angle rather than a cylinder, which impacts on the shape 
and width of WGMs [6].  
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