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Parallel Splicing Method for Holographic Gratings
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Abstract Diffracted wavefront aberration and distribution of far-field diffraction light are important manifestation for the
quality of pulse compression gratings with a large aperture. In order to optimize the energy distribution of far-field light
spots of splicing gratings, this paper proposes a parallel splicing method for gratings. Grating parallel splicing and grating
aligned splicing are simulated under different aberrations, and the energy distribution of far-field diffraction light spots of
the corresponding wavefront is calculated. The statistical results show that the peak valley (PV) value of the wavefront of
gratings with parallel splicing is smaller than the that of gratings with aligned splicing. However, the energy distribution of
the far-field scattering light spots of gratings is related to the type of aberrations and the modes of splicing. Experiments are
carried out on gratings with holographic exposure splicing, and the results show that grating parallel splicing method can
not only reduce the PV value of the — 1st order diffracted wavefront aberration, but also improve the energy concentration
of far-field diffraction light spots. Therefore, it provides a new method for holographic splicing gratings.
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Fig. 2 Coma wave surface splicing. (a) Aligned splicing mode; (b) parallel splicing mode
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Table 1 Evaluation parameters of grating splicing under

different modes

o Aberration Energy Strehl
Splicing mode . PV/A ) ;

expression ratio ratio

Aligned (2*+y)x  0.890 0.759 0.918

splicing mode xy 1.440 0. 700 0.331

Parallel splicing  (2*+3)z  0.495 0.682 0.808

mode ay 0.495 0.738 0.752
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Fig. 3 Astigmatic wave surface splicing. (a) Aligned splicing mode; (b) parallel splicing mode
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Fig. 4 Distributions of far-field diffraction light intensity for splicing wavefront. (a) Aligned splicing mode with coma; (b) parallel

splicing mode with coma; (c) aligned splicing mode with astigmatism; (d) parallel splicing mode with astigmatism
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Table2 Statistics for evaluation parameters of grating splicing under different modes

Splicing mode Statistics value PV/2 Energy ratio Strehl ratio
) o Mean value 0.830 0.629 0.556
Aligned splicing mode ) o
Maximum probability 0.870 0.656 0.520
o Mean value 0.772 0.624 0. 577
Parallel splicing mode ) >
Maximum probability 0.820 0.647 0.619
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Fig. 8 Interference fringe of parallel splicing grating
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Table 3 Summary of experimental data for two splicing modes

Splicing mode PV1 PV2 R,. Energy ratio Strehl ratio
Parallel splicing mode in experiment 0.7184 0. 5842 0. 0464 0.533 0.429
Parallel splicing mode in simulation 0.70324 0.5624 0.0122 0.558 0.443
Aligned splicing mode in experiment 1. 1504 1. 0604 0.0492 0.479 0. 381
Aligned splicing mode in simulation 1. 1304 1. 0404 0.0462 0. 486 0. 388
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Fig. 10 Recorded wavefront of parallel splicing gratings. (a) Experimental result; (b) simulated result
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Fig. 11 Interference fringes of aligned splicing grating
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Fig. 14 Distributions of far-field diffraction light intensity for splicing grating. (a) Parallel splicing in experiment; (b) parallel splicing in

simulation; (c) aligned splicing in experiment; (d) aligned splicing in simulation
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