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Abstract

The Fresnel zone plate (FZP), as the origin of diffractive optical elements, achieves focusing and
imaging by diffractive modulation of the incident wavefront, offering the advantages of being planar,
lightweight and broadband. To address the expensive equipment and complex procedures of tradi-
tional electron-beam direct writing and lithography, this study proposes a low-cost method of fab-
ricating amplitude-type FZPs by high-resolution laser film printing. Based on the half-wave-zone
method and the Fresnel-Kirchhoff diffraction integral, the zone-radius formula and the on-axis in-
tensity distribution are derived, clarifying the “one plate, multiple foci” nature of the FZP with a
principal focus and a series of subsidiary foci. In the experiment, a He-Ne laser (632.8 nm) was used
as the light source; after beam expansion and attenuation it illuminated the film zone plate, and a
CCD camera together with Image]J was used to acquire and analyze the focal-spot intensity. Multiple
specifications of circular and square zone plates (focal length 40~60 cm, zone number 20~160)
were measured, and the converging spots of the principal and subsidiary foci were clearly observed,
verifying the agreement between the focal positions and theory. The effects of zone number, focal
length and geometry on focusing ability were studied systematically, and the imaging ability was
verified. The results show that the method is low-cost and easy to implement, with a relative uncer-
tainty of focal-length measurement of about 1.85%, dominated by depth-of-focus judgment, provid-
ing a feasible scheme for the design and application of low-cost diffractive optical elements.
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Figure 1. Schematic diagram of the structure of an amplitude Fresnel zone plate
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Figure 2. Schematic ray diagram of incident monochromatic light forming the principal focus
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Figure 3. Geometrical illustration of multiple foci based on the half-period zone method
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Figure 4. Schematic diagram of the on-axis diffraction intensity distribution
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Figure 5. Finished 8K full-sheet printed Fresnel zone plate film
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Figure 6. Photograph of the overall experimental setup
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Figure 7. Measured focal-plane intensity of a circular zone plate at f'and f/3: (a) at f; (b) at f/3
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Figure 8. On-axis intensity profile extracted using ImageJ
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Figure 9. Variation of focal-spot FWHM with zone number N
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zone plate; (b) square Fresnel zone plate
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