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Abstract. We will present a rapid and non-destructive technique for the measurement of the mean diameter 
of a silica nanofiber using the wavelength position of the signal peak in a spontaneous four wave mixing 
experiment. The nanofiber diameter can be characterized in a range going at least from 650 to 1250nm. 
Several nanofibers were characterized, and the measured diameter show a good accordance with the one 
obtained using a Scanning Electron Microscope. The technique is simple to use and has even the potential to 
be implemented in situ in order to realize a diameter measurement during the pulling of the nanofiber for a 
better control of the final diameter of the nanofiber.  

1 Introduction  
The silica nanofibers are a very interesting media with 
numerous applications in the field of sensors and 
nonlinear optics, due to the high field confinement in a 
small dimension core and the large evanescent field that 
can give access to the media surrounding the nanofiber. 
The nanofibers are fabricated using the pull and brush 
technique that allow to fabricate long nanofibers in the 
centimeter range, together with the adiabatic tapers that 
allow to have lossless coupling of light from the access 
fibers. We have used these nanofibers to realized Raman 
converters [1] or sources of single photon pairs using 
Spontaneous Four Wave Mixing [2].  
These applications required the fabrication of nanofiber 
with a precisely known diameter in the micrometer to sub-
micrometer range, with a nanometer precision required 
for some applications [2]. Presently no measurement 
technique is available meet these requirements in a non-
destructive way. The most used technique to precisely 
determine nanofiber diameter, is the Scanning Electron 
Microscopy, but this technique is destructive and not 
especially rapid. We have developed an optical 
microscopy technique [3] that allows to make in-situ 
measurement of the nanofiber profile in the sub-
micrometer range, but its resolution of 50nm is not always 
sufficient.  
We will present here a method that is rapid, non-
destructive and can be potentially implemented in-situ, to 
have access to the mean diameter of a nanofiber. The 
method is based on the dependency on nanofiber diameter 
of the Signal and Idler wavelengths emitted in a 
Spontaneous Four Wave Mixing experiment.  

2 Diameter measurement principle  
In the Spontaneous Four Wave Mixing experiment [2], 
two photons of a pump beam are combined to generate a 
pair of Signal and Idler photons at new frequencies 
governed by the energy and momentum conservation 
conditions. The phase matching condition depends on the 
refractive index dispersion seen by the three interacting 
beams. In fibered geometry, this dispersion is extremely 
sensitive to the geometrical parameters of the waveguides 
(index contrast or core diameter) and can thus give 
information on the surrounding media [4] or on the 
diameter of the nanofiber.  
The nanofiber is modelized as a uniform cylinder of 
diameter D, the effective refractive index of the 
fundamental HE11 mode is calculated by solving the 
eigenvalue equation taking into account the wavelength 
dependence of the refractive index of the silica core and 
of the air cladding [2]. Solving phase matching equation 
with the effective refractive index allow to calculate the 
emitted Signal and Idler wavelengths as a function of the 
nanofiber diameter for different pump wavelength.  
The calculated values of the Signal wavelength as a 
function of the diameter are shown on Fig.1 for different 
values of the pump wavelength. The pump in our 
experimental set-up, is a tunable, pulsed picosecond 
Ti:Sapphire laser (Tsunami). The pump wavelength can 
be tuned on our optical set-up in the typical range between 
750nm and 950nm (taking into account the transmission 
band of several optical elements of our set-up). We see 
that the position of the Signal emission wavelength varies 
strongly with diameter (with a typical slope in the range 

EPJ Web of Conferences 309, 12008 (2024)	 https://doi.org/10.1051/epjconf/202430912008
EOSAM 2024

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution  
License 4.0 (https://creativecommons.org/licenses/by/4.0/).



 

 

between 0.1 to 10) depending on the used pump 
wavelength that can then be chosen to maximize 
sensitivity and precision of the measurement, for a given 
value of the diameter. The measurement range is limited 
for the low diameters essentially by the available pump 
wavelength and silica dispersion, and in the high diameter 
region by the Idler wavelength that reach the absorption 
band of silica above 3µm. Nevertheless, the accessible 
diameter range stay interesting for numerous applications 
of the nanofiber, all the more that it stays beyond the 
resolution limit of most optical microscopy systems.  

 

Fig. 1. Calculation of Signal wavelength as a function of the 
diameter of a silica nanofiber. The Pump wavelength can be 
chosen to place the signal wavelength in the detection range of 
the used spectrometer (in the 500-750nm in our case), 
extending the diameter measurement range, from typically 
650nm to 1250nm, for our Ti:Sapphire pump laser. 

3 Experimental results  
The pump beam is injected in a system of optical fiber 
patchcords, connecting the input optical set-up to the 
output optical set-up connected to the detection fibered 
spectrometer (Thorlabs CCS175, spectral resolution 
0.6nm) through different optical low-pass filters allowing 
to eliminate the high intensity pump beam to prevent 
saturation of the spectrometer. The nanofiber is connected 
to pigtails allowing to insert it easily between the input 
and output fiber patchcords, without having to readjust 
injection and extraction optical coupling. A typical 
detected signal is shown in Fig.2 with the typical detection 
conditions.  

 

Fig. 2. Typical signal for one of the characterized nanofibers, 
the peak shift with pump wavelength according to the model, 
giving the same diameter within a 1nm precision. The peak is 
clearly larger than the expected Sinc shape, what can give us an 
estimation of the diameter fluctuation of the fiber [2], as the 
second smaller peak on the high wavelength side would 
correspond to a fiber diameter of 748nm.  

Some nanofibers characterized by our Four-wave mixing 
set-up were sacrificed for a measurement of the diameter 
with a SEM (Fig. 3). The comparison for the different 
measured fibers being summarized in Table 1.  

 

Fig. 3. SEM measurement of the central part of the same 
nanofiber #3. The measured diameter around 760nm is similar 
to the one estimated using the Four-wave mixing peak.  

Table 1. Comparison between measurements of nanofiber 
diameter with FWM emitted wavelength and SEM.  

Nanofiber # FWM 
measurement  

SEM 
Mesurement 

#2 952 953 

#3 752 760 

#5 1043 1043 

#6 763 772 

4 Conclusion  
Using the wavelength of the Signal photon generated 

by Spontaneous Four Wave Mixing allows us to non-
destructively obtain the mean diameter of a nanofiber, in 
a range between 650 and 1250nm. The obtained values 
are close to the one measured with a Scanning Electron 
Microscope, what validates the technique and the used 
nanofiber propagation model. 
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