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Fraunhofer Diffraction Pattern of a Periodic Hologram

When the Input Beam Size is Similar to the Period of the Hologram
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Abstract: The ratio of the period of a diffractive element to the input beam size is a critical parameter in a diffractive beam

shaper. We measured and calculated the Fraunhofer diffraction patterns of a periodic hologram with an input beam size

similar to the period of the hologram. The measured intensities show very complicated patterns and are strongly dependent

upon the center position of the laser beam relative to the hologram. Using a diffraction formula for a periodic hologram,

we calculated the diffracted light intensities and fit them to the measured ones. The measured and calculated intensities

are in good agreement even when the beam diameter of the incident laser is similar to the period of the hologram. We

can therefore use this formula to estimate the output of a periodic beam shaper even under such an extreme condition.
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Fig. 1. Experimental setup. A converging beam is incident on

a DOE and a detector is located on the focal plane.
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Fig. 2. (a) Phase structure(left) and 3-D diagram(right) of the grating
which is used as a sample DOE and (b) microphotograph of the grating.
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Fig. 3. Three-dimensional view of the measured diffraction patterns.
(@) d/p=3.0 and (b) d/p=12.

Fig. 4. Cross sections of the diffraction patterns on the horizontal
axis for various ratios of d to p. The numbers in the boxes are the
values of d/p. Similar patterns are obtained on the vertical axis.
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Fig. 5. Diffraction patterns for various locations of the laser beam
relative to the DOE. d/p=1.0. The numbers in each graph means
the relative position. The patterns, of course, appear periodically
with the period p.
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Fig. 6. The values of A4, and ¢,,, of the sample DOE. The

numbers in the brackets mean the orders of the diffraction. The
amplitudes are relative values. The phase values are shifted for
simplicity. The orders corresponding to the shaded area have

negligible amplitudes.
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Fig. 7. Calculated(solid) and measured(dotted) diffraction patterns.
(a) d/p=14, = /p—040 yo/p 0.30 and (b) d/p=1.0, =, /p 0.55,
yu/p=0.10A The calculated intensities are normalized to fit to the

measured data.
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