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Synopsis of “Analysis and Optimization on Single-Zone Binary Flat-Top Beam Shaper” by Yang and Wang
Introduction and Relevance to Optomechanics
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Principles of beam-shaping for specific far-field patterns:  This synopsis summarizes “Analysis and Optimization on Single-Zone Binary Flat-Top Beam Shaper” by Yang and Wang [1].  Yang’s paper considers the effect of a substrate phase plate, having circular notches cut at uniform depth, on an input Gaussian wave’s far-field diffraction pattern.  Figure 1 shows a typical system implementation (the lens effectively produces the far-field pattern at the profiler).  The phase plate effectively modifies the input field to produce a uniform “flat-top” pattern over a finite region in the far field.  Given that aperture and far-field patterns are Fourier conjugates, this phase plate (for uniform far-field beams) should output an aperture field resembling “sinc” or “Bessinc” functions (Fourier counterparts of rectangular and circular “flat-top” functions, respectively).  Figure 2 shows how the binary phase plate modifies an input Gaussian beam (by changing its algebraic sign over certain regions) to approximate a “Bessinc” aperture function.   Uniform far-field beams are useful for a variety of purposes, including uniform target illumination in laser radar applications. 
Pertinence to optomechanics:  Optomechanical system design stresses the importance of tolerancing/compensating for component errors, specifically when parameter value changes lead to easier, cheaper, and/or faster fabrication.  Yang’s paper is considered a relevant optomechanical topic due to the following:
· Beam-scale phase plates provide mechanically-feasible diffraction gratings:  Ronchi gratings, double-slit experiments, and holograms typically involve grating structure at sub-wavelength lengths (categorized as “wavelength-scale” gratings), and their production is not typically considered a topic for mechanical fabrication.  On the contrary, the larger “beam-scale” grating structure size (on the order of wavelengths) can be fabricated with high-precision manufacturing devices.  Thus, beam-scale grating production, subject to precision mechanical fabrication sensitivities (see next point), could be categorized under optomechanical design.
· Beam-scale phase plate depth is subject to mechanical tolerancing:  In experimentally verifying simulation results, Yang made a modification to his design-value etch-depth specification (0.47 m) to match his fabrication capabilities (0.52 m with a Tencor Alpha-Step) and compensated by shifting the observation plane (from its ideal, focal-plane location) for enhanced output uniformity.  Yang also simulates departures of system parameters from design values (such parameters are listed in the following overview).  These steps apply optomechanical concepts of design modification/compensation for manufacturability as well as sensitivity analysis.
· Single-zone plates are easier to produce and have marginal performance differences than multiple-zone plates:  General design principles emphasize the importance of avoiding over-complicating system design when more feasible, simpler alternatives produce acceptable, similar performance.

Brief overview of Yang’s paper:  Yang introduces the principles of beam-scale diffraction patterns for producing Bessinc-like aperture fields (with uniform far-field patterns).  The far-field pattern’s uniformity, edge-steepness, and diffraction efficiency serve as figures-of-merit for characterizing system performance.  Using a simulation, Yang explores performance effects due to changes in etch depth (or phase level), input beam waist, number of phase zones etched, wavelength, and observation plane location.  Finally, Yang experimentally verifies simulation results, comparing fields produced by single- and double-zone plates.  Experimental results support simulation findings and reveal  marginal performance differences between single- and double-zone plates.
Key Results

	Table 1:  Comparing effect of zone number on far field

	No. of Zones
	Steepness (K)
	Efficiency ()

	1
	0.5827
	73.10%

	2
	0.6136
	73.35%

	3
	0.6149
	75.38%


 Key results from Yang’s paper are listed below, in decreasing significance/emphasis.
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A single-zone binary-phase plate gives similar performance to multizone plates and is easier to manufacture.  The central theme throughout Yang’s paper is that marginal performance increases arise from etching more than one zone onto a binary phase plate.  Simulation data (in Table 1 and Figure 3) verify this in terms of

· steepness K of flat-top far-field edges (the ratio of radii at 90% peak intensity to that at 10%),  and 
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efficiency  (the ratio of power outside a circle at 90% peak intensity to total power).
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An additional performance figure-of-merit is flat-top uniformity U (percentage of oscillations’ peak-to-valley intensity difference, within the 90%-intensity radius, to maximum intensity).  Comparing Figure 3’s field variations to those created by system parameter changes (see Figure 5) emphasize how a multizone system’s (relatively small) benefits are susceptible to not being discernible due to other losses in an imperfect system’s performance.
An interesting side-note is that a positive-phase double-zone plate produces the same field as a negative-phase single-zone and, due to additional manufacturing required, should be avoided when negative-phase single-zone plates could be substituted (see Fig. 4).
Yang’s experimental data supports the argument that multiple zones provide marginal benefits:  

· Single-zone binary phase plate:    
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· Double-zone binary phase plate:  



[image: image4.wmf]3%

U

<

, 
[image: image5.wmf]0.59

K

=

, 
[image: image6.wmf]73%

h

=


Effects of system changes on far field pattern can be mitigated through focal-plane compensation.  Yang perturbs system parameters from their reference design values according to the following:
· Phase level:  both phase (0.7925, 0.80, 0.785) and etch depth (
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 from nominal) 
· Observation plane location:  .75f, 0.81f, and f 
· Input beam width:  
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 from nominal
· Wavelength:  0.633, 0.57, and 0.70m
System performance increased by adjusting observation plane location for each variation.  

Figure 5 illustrates the fields produced from selected perturbation types.  Note that the departures from ideal for such perturbations are much larger than the benefits gained from additional zones (Fig. 3), making such benefits comparatively negligible.
Intended Audiences
Yang’s paper is most appropriate to audiences using phase plates for uniform far-field patterns, either through long-distance (Fraunhofer) diffraction or within a system using a lens’ conjugate field relation between aperture and focal planes.  
Audiences familiar with alternative beam-shaping methods find the simplicity of single-zone binary plates appealing.  Alternative methods typically include better efficiencies (
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), complicated phase-modification schemes (such as continuous-phase etch profiles),  and higher production costs (given the etching depth sensitivity, apparent from  Figure 5a).  Such audiences find this method an acceptable alternative for low-cost prototyping and production when uniformity, steepness, and efficiency is determined appropriate.
Besides audiences with beam-shaping expertise, this paper also appeals to audiences familiar with the myriad of applications for a system producing uniform fields.  Such applications include optical image processing, laser welding, laser radar, laser microfabrication, laser scanning, optical storage, and optical metrology.  Many of these applications have, as the physical basis governing their need for uniform fields, either 
· a gain medium need spatially-uniform input fields (to prevent thermal heating, distortion, and damage to that medium) or 
· a target for which uniform illumination would reveal information on localized reflectance properties when the (non-uniform) reflected wave is processed at a receiver (as in the case of laser radar).  
This paper provides this audience group with a low-cost means to achieve their respective objective, if the system performance shown in Table 1 are appropriate for the application.
Relation to Existing Beam-Shaping Literature
Without giving an exhaustive summary of literature existing in the fields of beam-shaper systems or uniform field applications, this section aims to provide guidance on understanding how Yang’s work relates to a sample of other papers in this field.
Regarding the field of beam expanders, some key papers, example applications, or alternative techniques are listed below, with their relation to Yang’s paper.
· Shealy [2] covers geometric-optics design processes for general beam shapers, applying Cornwell’s [3] “7-step recipe” analysis technique in determining how to specify surface shapes and placements for optical elements (reflective and refractive) to produce a desired output beam pattern (uniform or not).  Put simply, it outlines the analytical surface shapes and placements of the two optical elements (be they lenses or mirrors) of a beam expander (such as a Keplerian telescope) when system parameters (input/output beam diameters, system focal length, and wavelength) fulfill geometric optics requirements.  The sophisticated optics of such designs often require sensitive fabrication, with associated high production costs (that Yang’s method seeks to avoid with performance trades).
· Herzig [4] covers a variety of beam-shaping methods using diffractive optical elements; these include computer-generated holograms, diffractive gratings, and multilevel/quasi-continuous phase plates (with theoretical efficiencies of 95%). Single-zone binary-phase plates comprise a subset of general phase-plats, and Yang’s achieved efficiencies (~73%) can be understood as within, yet significantly removed from, theoretical limits of beam-shaping systems.
· Sales [5] describes structured microlens arrays as an alternative beam-shaping technique, with less sensitive performance (in terms of input beam spectrum and directionality) than Yang’s results (at higher production costs).

· Fedor [6] surveys the distinction between diffusers and beam-shapers (Yang’s method falls under the latter), emphasizing differences in design and applications of wavelength- and beam-scale diffraction systems. 
Conclusion

Yang’s single-zone binary-phase plate, for uniform field production, exemplifies the benefits of simplicity in system performance by demonstrating the marginal benefits achieved when adding a second phase zone.  Yang explores a simulated system’s sensitivity to a variety of parameter value changes, with focal plane compensation achieving significant mitigation of non-uniformity.  Experimental results validate the simulation’s results and conclusions.  Overall, Yang’s work exemplifies the concepts and design methodology of which any responsible optomechanical engineer should be cognizant, and fits appropriately within existing beam-shaping and uniform field literature as a method for low-cost production for the performance range specified.
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Figure 4:  Equivalence of positive-phase double-zone and negative-phase single zone plates (from [1])





Figure 5:  Far-field variations for -10% etch depth, wavelength, and focal plane location variations, respectively (from [1])





Figure 3:  Comparing far-field patterns from plates varying in zone number (from [1])





Figure 2:  Illustration of a binary phase-modified Gaussian and the Bessinc function it approximates, from [1]





Figure 1:  System setup for creating flat-top beam, from [1]
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