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Radial Polarization using Waveplates

The purpose of the paper was to expand the horizons of radially polarized laser pulses [1].

Radially polarized light has many applications, such as in laser machining, optical data storage,

and high resolution microscopy [2]. For this reason, the paper describes a technique to convert

linearly polarized light into radially polarized light. The method is highly efficient, meaning that

“waveguide attenuation, mode-coupling efficiency, and Q factor, or the energy in the fundamental

hybrid EH11 mode relative to the total energy” are all limited [1].

One of the ways to modulate output intensity is by varying phase mismatch through differential

phase modulation between two coupled modes. This in turn varies the efficiency of the coupler

[3]. One of the problems with spectral broadening for high energy pulses, as the paper describes,

is that a larger core radius is required. The formula for coupling efficiency is:

Where the Attenuation constants are generally intrinsic properties, but it is proportional to the

input intensity over the output intensity. Similar to the coupling efficiency, we can see that this

also decreases with a larger radius [4].

The solution is to add a broadband polarization-state convertor at the end of the wave guide. This

can be done by adding waveplates. Waveplates are typically made from birefringent material

https://www.codecogs.com/eqnedit.php?latex=%5Ceta%20%3D%20%5Cfrac%7BP_a(l)%7D%7BP_b(0)%7D#0
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(such as quartz), meaning that it has different indices of refraction along the different axes. When

the laser pulse travels through the waveplate, the light will travel at different speeds depending on

its polarization [5]. If done correctly, the output of the pulse through the waveplates can be

radially polarized.

To go from linear polarization to radial polarization we need to use half-wave plates of a certain

thickness. If we were to use a single waveplate, assuming the laser is traveling along the x-axis,

with waveplate indices of refractions nx = ny and nz, we could design a wave plate such that its

surface is normal to the propagation direction, and is 45° to the polarization direction. We would

also need the wave plate to have a thickness as such:

[6]

Another common form of dispersion often observed in waveguides is chromatic dispersion. This

occurs because different wavelengths travel at different speeds. When light travels through a

medium, such as a wave plate, the varying speeds cause the different wavelengths to disperse.

Rather than using a simple half-wave plate, an achromatic waveplate can be used instead to

reduce or eliminate chromatic dispersion. Achromatic waveplates are designed by combining

retarders made from materials with varying chromatic dispersions [7, 8]. These waveplates are

especially accurate over broadband wavelengths [9]. The experiment replicates a previous

paper’s method to create the achromatic waveplate, in which eight half-wave plate retarders are

placed at varying orientations about the slow axis of a birefringent material [10].
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