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An optimization approach of computer generated hologram (CGH) for divergent light shaping

An optimization method of pure phase CGH for beam shaping with divergent incoherent light is proposed. The sample experiment fabricated with our home built photo-plotter shows a good agreement with the numerical simulation results.

Introduction

The researches of divergent light illumination are mainly concentrated in refractive or reflective optical element (ROE) for a long time [START_REF] Oliker | Optical design of freeform two-mirror beam-shaping systems[END_REF][START_REF] Song | Free-form illumination of a refractive surface using multiple-faceted refractors[END_REF]. Although these ROE based method can get an asymmetric pattern with a freeform lens or facet surface structure, the large scale size and thickness limit their applications.

Computer generated hologram (CGH) is a good choice to solve this problem up to now. However, there is rarely research work relevant with the CGH design illuminated by divergent incoherent light. Here in this paper, the strategy of divergent source model, complex degree of coherence and a modified magnitude constraint are introduced into the standard iterative Fourier transform algorithm(IFTA) process [START_REF] Wyrowski | Diffractive optical elements: iterative calculation of quantized, blazed phase structures[END_REF]. With this proposed method, a good performance for incoherent light shaping is obtained.

Methodology and Results

The classical IFTA is one of the most popular algorithms, which has been widely used in phase retrieval problem and calculation of CGHs. Numerically, the IFTA is a forward and inverse Fourier transformation process of a complex function between the real(object) space and Fourier(image) space, in which the constraints are applied to the computed wave-front by a prior knowledge. Generally the standard IFTA is valid only in paraxial region and often used for plane wave shaping. So the model should be modified when the divergent light source is used. The proposed strategy is to use the scalar non-paraxial diffraction formula as the propagating function between two domains [START_REF] Nguyen | Iterative scalar nonparaxial algorithm for the design of Fourier phase elements[END_REF], and introduce the divergent light source model in the object space and the modified constraint in the Fourier space, as shown in Fig. 1. The constraint in the kth iteration is implemented by modifying |Ek| in the way as

ℛ[𝐸 𝑘 ] = { ℇ 𝑘 [𝜇 𝑘 (𝜔 1 𝐸 𝑡𝑎𝑟𝑔𝑒𝑡 -𝜔 2 𝐸 𝑘 )] Ω ∈ 𝑠𝑖𝑔𝑛𝑎𝑙 𝑤𝑖𝑛𝑑𝑜𝑤 𝐸 𝑘 Ω ∉ 𝑠𝑖𝑔𝑛𝑎𝑙 𝑤𝑖𝑛𝑑𝑜𝑤 (1) 
ℇ 𝑘 = ∑ 𝐸 𝑡𝑎𝑟𝑔𝑒𝑡 𝛺 𝑠 ∑ 𝐸 𝑘 𝛺 𝑠 (2) ℛ[𝜇 𝑘 ] = 𝐸 𝑡𝑎𝑟𝑔𝑒𝑡 𝐸 𝑘 𝜇 𝑘 (3) 
In eq.( 1), the subscript k indicates the number of iteration, 𝐸 𝑡𝑎𝑟𝑔𝑒𝑡 is the target amplitude in Fourier domain, 𝜔 1 and 𝜔 2 are empirical parameters. A binary image ′π′ is used to demonstrate the proposed algorithm . In this design, the distance between LED source and CGH is 50mm, and the effective area of the CGH is 12mm×12mm with pixel size 0.75µm , the collective divergent angle is 14°.

The fabricated phase levels are quantized, so the surface relief of the CGH should be divided into several levels. In theory, the higher the number of phase levels, the better the reconstructed image quality. However, the fabrication performance must also be considered. Empirically, eight levels is a good practical compromise. The optimized CGH was fabricated with our home-built photo-plotter [START_REF] Kessels | Direct write of optical diffractive elements and planar waveguides with a digital micromirror device based UV photoplotter[END_REF],

which has 16000×16000 pixels . When the fabricated CGH is illuminated by using a divergent LED (wavelength 525nm), see Fig. 

Conclusion

In this work, the modified IFTA method is proposed by introducing the strategy of divergent light source model and scaler non-paraxial diffraction model. The optical experiment result shows high relevance to the numerical simulation result, which demonstrates that the proposed method has good performance in divergent light shaping. The proposed design method can also find applications in diffractive optical elements design for anti-counterfeiting protecting, as well as computational imaging.

Fig. 1 .

 1 Fig.1. Flow chart of the proposed optimization method.

  Fig.2. (a) Simulation result (b) Experiment setup (c) Intensity distribution on the screen as a result of illuminating the CGH with a green LED source.