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Abstract. We present the fabrication of a beam shaper with 32 levels for the generation of nondiffractive 
optical fields representing quasi-Bessel beams of order zero. This optical element is designed for visible light 
(λ=633 nm) and fabricated using standard photolithography and a fine calibrated reactive ion etching process. 
A large number of levels approximates a continuous conical surface so that the optical quality of the element 
is very good. It is investigated the possibility of generating perfect optical vortices with this class of optical 
elements. 

1 Introduction  
Ideal Bessel beams are nondiffractive optical fields 
described by invariant intensity profiles along an infinite 
propagation distance. In experiments, one can generate 
only quasi-Bessel beams characterized by finite focal 
extensions and intensity profiles that vary along the 
propagation axis but only after a specific distance called 
focal length. Quasi-Bessel beams can be generated with 
conical lens, planar Pancharatnam-Berry phase elements, 
spatial light modulator, Fresnel lens-based elements [1-4]. 
Nondiffractive unique beams are widely exploited in 
fields like optical trapping [5], beam shaping [6-9] optical 
communications [10-11], microscopy [12]. 

2 Fabrication process 

In this work we designed, fabricated and characterized a 
diffractive axicon as a phase control element in order to 
obtain nondiffractive optical fields for visible light. The 
design was considered an approximation of continuous 
conical surface in order to generate a Fresnel based 
element presenting a discrete surface defined by 32 levels. 
This element was fabricated on a silicon wafer using 
standard photolithography and a fine calibrated reactive 
ion etching process. The multilevel diffractive optical 
element generates quasi-Bessel beams of order zero. 

2.1. Structural characterization  

We investigated the optical quality of the fabricated 
axicon with the optical microscope. In Fig. 1 is 
represented a small area of an axicon of order zero with 
32 levels. Red colour represents the maximum level and 
the green colour indicate the minimum level. The step 
height between the maximum and minimum level 
introduces a phase shift in the wavefront of an incident 
Gaussian beam in order to generate nondiffractive beams.  

 

Fig. 1. Optical image of an axicon of order zero with 32 levels 

2.2 Functional characterization  

We beam shaped a Gaussian beam with the wavelength 
λ=633 nm using the fabricated axicon and generated a 
quasi-Bessel beam with order zero which is illustrated in 
the Fig. 2. One can observe the intensity distribution 
characterized by a central lobe surrounded by concentric 
rings. 

 
 

Fig. 2. Intensity distribution for a Bessel beam of order zero 
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2.3 Conclusions  

We designed, fabricated and characterized a multilevel 
beam shaper for visible light (λ=633 nm) in order to 
generate a quasi-Bessel beam of order zero. We obtained 
a diffractive axicon with a very good approximation of a 
continuous surface by increasing the number of levels. 
This was possible due to multiple photolitographical and 
reactive ion etching processes. The structural and 
functional characterization confirmed the optical quality 
of the fabricated axicon with 32 levels. This optical 
element has potential industrial application in the 
generation of perfect optical vortices [10], beam shaping, 
optical communications and optical imaging.  
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