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Fine Measurement for Focusing Properties of Bifocal Photon Sieve
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Abstract: The digital holographic measurement method and the diffraction propagation algorithm of
variable sampling interval were proposed to realize the fine measurement of the focal length and focal spot
of the photon sieve. The bifocal photon sieve and its theoretical focal spot distribution were presented.
The double-exposure off-axis holographic method was used to obtain the complex amplitude distribution
of the light field at the CCD. Based on the light field, the focusing field characteristics of bifocal photon
sieves with higher resolution were obtained through the diffraction propagation algorithm of variable
sampling interval. The resolution of the focal spot is about 10times that of the direct measurement by
CCD. The focal length is equal to the sum of the two distances obtained by the autofocus algorithm and
the intensity maximum scanning method respectively. The experimental results show that the deviations
between the measured bifocal lengths and the designed focal lengths are 0.53% and 0.37% ,respectively.
Compared with the full-width at half-maximum of Greek-ladder photon sieve as required, the measured
width of the two focal spots is accurate enough with error of 2.86% and 1.86%, respectively. The
measurement method proposed in this paper can be widely applied to the measurement and performance
analysis of other diffractive lens focusing characteristics besides the performance testing of photon sieves.
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Fig.1 Schematic of generation of Greek ladders photon sieve
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The schematic diagram and axial intensity distribution of bifocal photon sieve
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The intensity distribution of bifocal photon sieve at two focal planes
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Table 1 Measurements of bifocal photon sieve

Theoretical value Measured value  Deviation/ %
128.014 128.69 0.53
Focal length/mm
181.093 180.43 0.37
8.74 8.99 2.86
FWHM/pm
12.36 12.59 1.86
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