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Waveplates (also known as retarders) are used to manipulate the polarization state of transmitting light without 
attenuating, deviating, or displacing the beam. They work by using the birefringent property of certain materials to 
manipulate the polarization state of the transmitted light.  

Waveplates can be manufactured in various ways. One of the most popular method is to use birefringent crystal. Such 
waveplates are popular due to its longevity and possibility to make high quality retarders with exact desired retardance. 
However, such type of waveplates is difficult to produce and production process is relatively expensive. Furthermore, 
waveplates can also be manufactured using polymers. However, one of the main drawbacks is that such waveplates are 
sensitive to temperature changes and it has low laser-induced damage threshold (LIDT), which greatly affects its 
longevity. Also, polymer waveplates usually have lower retardance accuracy and both types of retarders are usually 
manufactured for just one particular wavelength [1, 2]. However, in a variety of applications, involving polarized laser 
light, an achromatic waveplate with particular retardation across a large wavelength range is required. To achieve such 
achromatism, various strategies to merge numerous crystal waveplates have been employed [3]. 

Most of these drawbacks can be avoided by forming waveplates using thin film evaporation technologies. Layers 
formed using glancing angle deposition technique are optically anisotropic, meaning that refractive index depends on the 
polarization and propagation direction of light which enables manufacturing of thin film waveplates with multiple 
advantages: elements with diameters exceeding few centimeters can be formed, high variety of materials, such as metal 
oxides or fluorides, can be chosen for manufacturing [4]. Furthermore, formation of achromatic waveplates on simple 
fused silica glass was made possible using this technique. One of the main advantage of such retarders is that it can be 
made by combining not multiple separate crystal waveplates but by precisely selecting anisotropic thin films and aligning 
their optical axis at optimal angles. 

          
 
 

 

 

 

 

 

Fig. 1. a) Cross-section SEM image of Ta2O5 and HfO2 λ/4	waveplate and b) the phase retardance dispersion of 
fabricated Ta2O5 and HfO2 nanostructured coating. 

In this work, the set of experiments were conducted to determine the highest anisotropy of Ta2O5 layer. The refractive 
indices of different polarizations were determined for three deposition angles - 65, 70 and 75 degrees. It was found that 
the highest anisotropy can be reached by depositing Ta2O5 layers at 70 degrees. Furthermore, by combining anisotropic 
and dense layers the theoretical design of achromatic waveplate were achieved and experimentally fabricated. The SEM 
image was taken (Fig. 1 (a).) and phase retardance dependency on wavelength (Fig. 1(b).) was measured. The initial 
results where we demonstrate the achromatic properties in the 500 – 700 nm wavelength range was achieved, although 
further research and development is still needed in order to completely fabricate λ/2 or λ/4 waveplate. 
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