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Over the past few decades phase masks have found numerous applications including imaging, encryption, 
beam shaping, and mode conversion. To create permanent phase masks there are two typical methods of 
production. The first method controls the local geometrical path length by generating a contoured surface, while 
the second method changes the local refractive index in the bulk of a photosensitive medium such as lithium 
niobate or photosensitive glass. Both methods can be employed to generate phase masks with almost any profile. 
However, because the phase shift is induced by changing the local optical path length these phase masks are 
inherently limited to use at a specific wavelength, which limits the range of potential applications.  

We will present here a method to create spectrally tunable or, if required, achromatic phase masks by 
encoding phase profiles into volume Bragg gratings, allowing these holographic elements to be used as phase 
masks at any wavelength capable of satisfying the Bragg condition of the hologram (Fig. 1). Moreover, this 
approach enables the capability to encode and multiplex several phase masks into a single holographic element 
without cross-talk while maintaining high diffraction efficiency. As examples, we will demonstrate fiber mode 
conversion with near-theoretical conversion efficiency (Fig. 3), mode analysis (Fig. 2) as well as simultaneous 
mode conversion and beam combining at wavelengths far from the original hologram recording wavelength. 
These holographic phase masks may be used to simultaneously diffract and convert both free space and fiber 
modes. They can also be multiplexed for beam combining in the same manner as homogenous multiplexed TBGs 
are used while simultaneously converting the incident beams into a desired mode.   

 

 

Such integration of VBGs and phase 
plates makes possible carrying out beam 
combining and mode conversion at 
multiple wavelengths and opens new 
optical design spaces in application areas 
such as high power beam combining, 
mode analysis and mode multiplexing. 
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Fig. 1. (a) Simulated far field profile of a beam after 
passing through an ideal four-sector binary mask and 
the diffracted beam from a four-sector HPM at (b) 
632.8 nm, (c) 975 nm, and (d) 1064 nm.  

Fig. 2. Phase transformations and analyses by 
multiplexed coherently splitting element 

Fig. 3. Far field profiles of converted modes. (a) LP01 mode converted to 
higher order modes and (b) the LP21 mode converted to the LP01 mode. 
   


