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Fig. 1. Schematic illustration of the Structure of hy-
brid grating (top view).
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Fig. 2. Schematic illustration of the spectral dispersion smoothing based on hybrid grating.
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Fig. 3. (color online) Focused intensity distributions:
(a) 1D-SSD, C' = 0.59; (b) “star” grating, C' = 0.60;
(c) Hybrid grating, C = 0.56.
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Fig. 6. (color online) Influences of the different groove density in the different dispersion areas on beam

smoothing effect: (a) Variation of contrast with average time; (b) FOPAI curves.
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Abstract

The irradiance uniformity on target plane is a key issue in laser-driven inertial confinement facilities. In the typical
schemes of one-dimensional smoothing by spectral dispersion (1D-SSD) and the “star” grating, the stripe pattern inside
the focal spot appears inevitably, besides, the fabrication of the “star” grating is relatively difficult. Thus, a new spectral
dispersion smoothing scheme based on a hybrid grating is proposed, which not only achieves the better smoothing effect,
but also exhibits some specific advantages in the fabrication and the dispersion way. According to the different direction
of the spectral dispersion, the hybrid grating is divided into inner and outer dispersion areas. That is, the dispersion
direction of the inter dispersion area is in the horizontal or vertical direction, and the dispersion direction of the outer
dispersion area is in the azimuthal direction. When the laser beam with the temporal phase modulation propagates
through the hybrid grating, the dispersion directions of the laser beam in the inner and the outer dispersion areas are
different, leading to the redistribution of the speckles inside the focal spot in the resultant direction of the translation
and rotation on the target plane. Consequently, the focal spot on the target plane achieves the beam smoothing in radial
and horizontal or vertical direction. In the present paper, the theoretical model of the hybrid grating scheme based on
the spectral dispersion smoothing is built up. Using the theoretical model, the smoothing effect of the hybrid grating
scheme is analyzed, and compared with those of the typical schemes of 1D-SSD and the “star” grating. The contrast
and the fractional power above the intensity (FOPAI) are used to evaluate the smoothing characteristic of the focal spot.
In addition, the influences of the area ratio and groove density in the different dispersion areas of the hybrid grating
on beam-smoothing effect are also discussed. Results indicate that when the inner dispersion area accounts for the
0.3-0.5 of the total dispersion area, the hybrid grating scheme can effectively suppress the stripe intensity modulation
both in the radial direction and the vertical direction. With increasing the groove densities of the inner and the outer
dispersion area in a certain range, the irradiance uniformity of the focal spot is further improved. However, considering
the actual processing of the hybrid grating, the appropriate groove density should be selected. Compared with the typical
scheme of the 1D-SSD, the scheme of the hybrid grating can achieve the better smoothing effect with the multi-direction
spectral dispersion smoothing. Furthermore, the fabrication of the hybrid grating is relatively simple and the irradiation

uniformity on the target plane is also good compared with those of the “star” grating scheme.
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