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Abstract: A simple and accurate determination of the diameters of tapered optical fibers is
essential for the development of new optical components. For this purpose, we propose a
technique to increase by more than 10 the resolution of optical microscopes. This technique
can be readily implemented on any microscope. We demonstrated it by measuring the
diameter of a tapered optical fiber with a resolution better than 100 nm with a x10 optical

microscope whose aperture is 0.28.
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1. Introduction

Tapered optical fibers are excellent platforms to develop new optical components and study nonlinear
optical interactions [1]. We produce them by stretching a standard silica optical fiber between two
translation stages while heating it by a central butane flame [2]. Both stages are computer controlled, which
gives us different parameters to obtain a variety of manufactured nanofiber profiles. The biggest advantage
of these optical nanofibers is their very high transmission. Another advantage is the confinement of light
thanks to their small diameter, which gives very high intensities favorable to nonlinear processes. These
effects are very sensitive on the fiber profile, i.e. diameter versus the coordinate along the fiber axis.
Optimizing optical wave mixings may require the knowledge of these diameters to within a few nanometers
of accuracy [1]. The simplicity of optical microscopy would make it ideal for these non-destructive profile
measurements provided that the resolution could be increased beyond the classical diffraction limit. One
usual mean to beat the diffraction limit is to add some extra information to the measurement. In the specific
case of tapered fiber measurements, this extra information is the a priori knowledge of the object to be
measured. We assume that, over the region of measurements, the fiber is a perfect silica cylinder, the only
unknown parameter being its diameter. This allows us to perfectly compute the diffraction pattern collected
by the microscope. Comparing these simulations with the images collected by the microscope allows to go
down to 100 nm in diameter precision.

2. Principle

We made the following setup (Figure 1). The nanofiber is back-illuminated by a LED that emits a narrow
bandwidth around a central wavelength of 460 nm. The polarizer makes it polarized along the nanofiber y
axis. This source is set at about 20 cm from the nanofiber, so that the light can be is assimilated to a plane
wave. The microscope (x10 with a numerical aperture NA=0.28) is mounted on sub-micrometric translation
stage. This allows us to take a series of images at different focuses, i.e. along z, upstream and downstream
the nanofiber. Each of these images thus represents a 2D cross-section, in a xy plane, of the field diffracted
by the nanofiber. We then select a position yy along the nanofiber on which we aim to determine the diameter
and we isolate the corresponding line in each of the images. We thus get a series of 1D-profiles of the
diffraction pattern for the same position yyand for a series of z. These profiles are then computer assembled
to get a 2D diffraction pattern as the one shown in the middle of Figure 2. To determine the diameter at this
position y, we have to identify this pattern with one of the patterns computed for various diameters.
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Fig. 1. The microscope with its illuminating system

To calculate the field at any point between the optical fiber and the objective, we use the formulas given by
Van De Hulst [3]. This diffraction field is decomposed in plane waves and the whole decomposition is
limited to the numerical aperture of the objective. We propagate these plane waves and we simulate the
images acquired by the camera for different focuses.

3. Experimental results

We draw an optical nanofiber with an unknown diameter. We then acquire the corresponding experimental
diffraction pattern as explained above. It is shown in the middle of figure 2.

The simulations for radii outside the range [0.7 pm; 0.85 um] considerably differ from the experimental
one. We do not consider them. The diffraction patterns are reconstructed from the images taken by the
microscope from the side of the LED source to the side of the camera. Within this range of similarity, see
Figure 2, we observe that the central bright line at x = 0 moves from the positive z to the negative z while
increasing the radius. The most similar is for a radius of 0.80 um. From this comparison we conclude that
the radius of the nanofiber is ¥ = 800 nm =+ 50 nm.
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Fig. 2. Experimental and simulated diffraction patterns
4. Conclusion

Presently, the 100 nm accuracy on the diameter measurement is limited by the spectral and angular
bandwidths of the light source, the alignment and the nanofiber movement in suspension in the air.

This measurement method can be compared with other techniques reported in the literature. Brillouin
spectroscopy provides its best resolution of 20 nm for diameters ranging between 0.36 and 1.2 pm [4]. For
second and third harmonic generation measurements, a resolution of few nanometers is obtained, but just
for a small range of diameters limited by the laser tuning range to [0.19 pm; 1 pum] [5]. The high-order
modes cutoffs method has a precision of 5 nm for a nanofiber diameter ranging from [0.8 pm; 1.3 um] [3].
Therefore, although our method does not yet allow accuracies as large as previously proposed ones, its
strengths are threefold: it is relatively easy to implement on existing microscopes, it allows an extended
range of diameter measurements, it provides a diameter measurement at each point along the nanofiber.
We are currently working on improving the resolution of this technique by developing a computer procedure
to automatically compare the acquisitions patterns with the simulated ones. This procedure will be presented
during the conference.
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