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Realizing high efficiency spectral beam combining with
dual-gratings based on conical diffraction
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Abstract: The feasibility of realizing high efficiency spectral beam combining with multilayer dielectric (MLD)
gratings based on conical diffraction was analyzed. The spectral beam combining approach was designed with the
incident polar angle nearly equals to the Littrow angle based on the conical diffraction theory and two unit beams were
experimentally combined. The experimental results indicate that, the diffraction efficiency nearly did not change in the
case of conical diffraction when 6 was constant and ¢=6°. The combining efficiency of the output beam which was
composited by two unit beams (wavelength equals to 1050.24 nm and 1064.33 nm respectively) with incident polar
angle 0 of 43.99° was 92.9%, 8.8% higher than that of approach based on non-conical diffraction. The beam quality
factor after combining were M,*=1.204 and M,’=1.467, which were almost equivalent to that of approach based on
non-conical diffraction.
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Fig. 1 Structure of the grating and angle Fig.2 Schematic of the spectral combining approach with
of incident wave vector dual-MLD-grating based on conical diffraction
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Table 1 Academic value of spectral combining approach with dual-MLD-grating based on conical diffraction

No unit beam wavelength/nm unit beam interval/mm 0/(°) o/(°) L/mm H/mm Ay;/mm
1 1050.24 0 43.99 5.77 756 —147.654 0.042
2 1051.28 1.9 43.99 5.77 756 —147.659 0.037
3 1052.31 3.8 43.99 5.77 756 —147.665 0.031
4 1053.35 5.7 43.99 5.77 756 -147.67 0.025
5 105437 7.6 43.99 5.77 756 —147.676 0.019
6 1055.39 9.5 43.99 5.77 756 —147.682 0.013
7 1056.4 114 43.99 5.77 756 —147.689 0.007
8 1057.41 133 43.99 5.77 756 —147.696 0
9 1058.41 15.2 43.99 5.77 756 -147.703 —0.007
10 1059.41 17.1 43.99 5.77 756 -147.71 —0.014
11 1060.4 19.0 43.99 5.77 756 -147.717 -0.022
12 1061.39 20.9 43.99 5.77 756 -147.725 —0.029
13 1062.38 22.8 43.99 5.77 756 —147.733 —0.037
14 1063.35 24.7 43.99 5.77 756 —147.741 —0.045
15 1064.33 26.6 43.99 5.77 756 —147.749 —0.054
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Fig. 5 Beam quality measured after the combining Fig. 6 Beam quality measured after the approach
based on conical diffraction based on non-conical diffraction
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Table2 Combining efficiency of the spectral combining approach under the conical diffraction and non-conical diffraction

No. 0/(°) o/(°) input power/mW output power/mW combining efficiency/% diffraction type
1 43.99 5.77 23.22 21.57 92.9 conical diffraction
2 47.00 0 23.22 19.53 84.1 non-conical diffraction
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