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Laser Multibeam Method Based on Refractive Prisms

Lan Jiang, He Hengxiang', Chen Jun, Wang Chen, Cheng Shuai, Zhang Lingpeng,

Shi Kangwang, Zhou Shuoyi, Cong Junkai
Southwest Institute of Technical Physics, Chengdu 610041, Sichuan, China

Abstract The application of laser multibeam combining technology in the field of electro-optical countermeasures is
receiving increased attention. This study proposes a laser multibeam method using a refractive prism group and three flint
glasses (grades H-ZLaF92, D-ZLaF85LS, and H-ZBaF21) as the prism materials. By calculating and simulating the
vertex angle, incident angle, and position relationship of the prism group, a beam combination scheme is designed based
on the use of an adjusting mirror group, refracting prism group, reflecting mirror group, and polarizing filter. The
reflection loss is reduced by adjusting the electric vector direction of a single, linearly polarized laser beam parallel to the
incident plane. The analysis and calculations show that the wavelengths, incident angles, and apical prism angles of the
three materials are 550, 1060, and 2000 nm; 63. 05, 61. 35, and 59. 58; and 51, 55, and 60, respectively. When the spot
distances AX, and AX, are 10 and 20 mm, respectively, the far surface distance D and near surface distance d values of the
three materials corresponding to the prisms are 289 and 83.5 mm; 366.4 and 107.7 mm; and 381.6 and 103.6 mm,
respectively. Without optical coating, a beam combining efficiency in the range of 92. 8% ~97. 6% can be achieved using
only a single linearly polarized light incident at the Brewster angle. Compared with the existing laser multibeam method ,
the proposed method has considerable cost advantages.

Key words laser beam combination; multibeam combining; refractive prism; p polarization; beam combining efficiency
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Fig. 1 Schematic diagram of single prism beam split
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Fig. 2 Schematic diagram of multi-band laser beam combination of birefringent prism system
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Table 1 Sellmeier formula fitting result
Material L, L, L, &y k, ky
H-ZLaF92 123.0786 0. 0597 0.0141 1.8676 0. 3756 2.4593
D-ZLaF85LS 0. 0080 0.0320 110.6793 1.7015 0.6333 1.4319
H-ZBaF21 0.0107 0. 0536 127.6876 1.7145 0.1729 1.3759
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Fig. 3 Refractive index fitting results of three kinds of

glass materials
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Fig. 4 Transmittance curves of three kinds of glass materials
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different wavelengths unit: (°)
Material 0,(500nm)  6,(1060 nm)  6,(2000 nm)
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Table 3 Calculation results of incident angle

Material Vertex angle a /(°)  Wavelength A /nm i, /() i, /(%) i, /(%) i, /(%)
550 63.05 24.69 26.31 57.16
H-Z1.aF92 51 1060 63.05 24.06 26.94 53.33
2000 63.05 23.74 27.26 51.57
550 61.35 26.81 28.19 56.93
D-ZLaF85LS 55 1060 61.35 26. 34 28. 66 54. 31
2000 61.35 26.06 28.94 52.82
550 59.58 30.05 29.95 59. 89
H-ZBaF21 60 1060 59.58 29.96 30. 42 58. 26
2000 59.58 29.29 30. 71 55.68
Fd AR B
Table 4 Calculation results of beam combining efficiency
) First Second Third Fourth Polarization Absorption Total
Material Wavelength A /nm ) ) ) i ; ) o
refraction  refraction refraction refraction ratio ratio efficiency
550 0.99774 0.99166 0.99821 0.99993 0.959 0.92814
H-Z1.aF92 1060 0.99741 0.98532 0.99253 0.99977 0.996 0.95188
2000 0.99680 0. 98085 0.99024 0.99999 0.983 0.93266
550 0.99830 0.99595 0.99956 0.99997 0.995 0.96905
D-ZLaF85LS 1060 0.99735 0.99236 0.99708 0.99996 50 0.998 0.96512
2000 0.99777 0.99018 0.99614 0.99999 0.978 0.94324
550 0.99889 0.99995 0. 99859 0.99998 0.994 0.97159
H-ZBaF21 1060 0.99866 0.99972 0.99963 0.99999 0.998 0.97608
2000 0.99852 0.99809 0.99990 0.99999 0.974 0.95119
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Fig. 6 Schematic diagram of optical path of double prism system
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