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1. It is possible to convert a laser beam's intensity distribution to a at-top with a 96 percent efficiency by using a mask with 5 discrete phase levels.

2. Above 7 discrete phase levels conversion effieciency saturates and increases just by 1 % for each additional phase level.

3. The resolution of the image formed by the difractive optical element is also saturable,  because all the maximum possible part of the radiation is directed according to the given 
output intensity distribution and the efficiency no longer increases.
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• Phase was calculated with the "Virtuallab", "Light Trans" company’s program package.
• The input parameters were chosen to match the diameter of the helium-neon laser beam. 
• The desired output was chosen for the program to calculate DOE’s phase mask
• The parameters were optimized by varying the pixel size, focal length of the lens, and phase discrete 
levels. 
• An iterative Fourier transformation algorithm (IFTA) was used to calculate the phase mask’s design.

• As pixel sizes increase, so does noise, and the quality of at top resolution suffers.
• Conversion efficiency with an increasing pixel size decreases slower with longer focal 
lengths of a focusing lens.
• Experimentally manufacturable (with direct laser ablation using femtosecond UV laser 
pulses) phase mask’s geometrical parameter combinations were discovered with a pixel 
size > 6 μm and conversion efficiency > 85 %.
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•  A high-resolution theoretical model was found when the pixel size was set at 2 μm.
•  Conversion efficiency is 96%, the uniformity error is 99%, and the zeroth order efficien-
cy is 0.00024 %.
•  The uniformity error indicates the maximum error of the output eld intensity com-
pared to the desired output eld intensity.
•  Zeroth order intensity indicates the amount of light diffracted to the zeroth order.

IFTA

•  When the pixel size was set to 8 μm a optimal model for manufacturing was dis-
covered.
•  Conversion efficiency is 95%, uniformity error is 20%, and zeroth order efficiency 
is 0.005 %.
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Introduction
• Solid state laser beam has a gaussian intensity distribution, and 
material ablation corresponding to one pulse is also gaussian – 
the oval pit is left on the surface. 

• Gaussian intensity distribution is no longer sufficient for main-
taining extremely low roughness in polishing applications. 

• • By manipulating the incident beam's phase, diffractive optical 
elements (DOE) obtain a desired beam's intensity distribution.

•  Low surface roughness in microfabrication could be achieved 
by using a top-hat or at-top beam proles where the intensity 
distributes more homogenicaly if compared to a gaussian distri-
bution.


