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Measurement of Diffraction Efficiency for Multi-Layer Diffractive
Optical Elements with Oblique Incidence
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Abstract In order to verify the theoretical relationship of the diffraction efficiency of multi-layer diffractive optical
elements varying with the angle of incidence, an optical system with multi-layer diffractive optical elements is
designed and manufactured. To ensure the measurement accuracy of diffraction efficiency when light of secondary
order diffraction is received by the detector after passing through the pinhole aperture, a correction method of first-
order diffraction energy is proposed. The diffraction efficiency of the multi-layer diffractive optical elements with the
incident angles ranging from 0° to 30. 6° is measured by the established double light-path measurement device.
Diffraction efficiency is measured at seven different incident angles with the designed wavelength of 532 nm, and the
measurement results are simulated and analyzed. Due to some manufacturing errors, the diffraction efficiency
obtained by the actual measurement is lower than the theoretical analysis results. However, both measured and
theoretical results show that the diffraction efficiency of multi-layer diffractive optical elements declines with the
increase of incident angle.
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Fig. 1 Picture of the optical system with MLDOEs
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Table 1 Relationship of the field of view of the optical system and the incident angle upon the diffractive surface (%)

Item Value
Field of view 0 20 25 30 35 40 45
Incident angle 0 14.4 16.9 19.6 22.4 25 30.6
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Fig. 2 Relationship of diffraction efficiency versus incident angle for different diffraction orders
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Table 2 Diffraction efficiency of MLDOEs for different diffraction orders at the measured incident angles

Incident angle /(%)
Diffraction order

0 14.4 16.9 19.6 22.4 25 30.6
1 100 95.02 90.07 81.12 66.55 47.50 4.25
Diffraction 2 0 1.92 4.2 9.0 18.4 33.9 90
efficiency /% 0 0 1.15 2.0 3.2 4.4 4.7 0.9
3 0 0.41 0.8 1.6 2.8 4.2 2.1
—1 0 0.32 0.6 1.0 1.5 1.7 0.36
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Table 3 Diffraction efficiency of MLDOEs with normal incidence

No. E./uW Ei /uW E./puW E; /uW 7 /%
1 1.027 3.142 1.572 3.145 65.39
2 1.035 3.139 1.607 3.140 64.43
3 1.042 3.128 1.610 3.133 64.82
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Table 4 Diffraction efficiency of MLDOEs with incident angle of 14.4°

No. E\/uW El /pW E,/uW E¢/pW 7 /%
1 0.911 3.130 1.578 3.131 55.77
2 0.917 3.127 1.631 3.129 54.33
3 0.924 3.134 1.593 3.133 56.00
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Table 5 Diffraction efficiency of MLDOEs with incident angle of 16.9°

No. E,/uW El /pW E,/puW E; /uW /%
1 0.773 3.140 1.383 3.141 52.06
2 0.769 3.137 1.377 3.139 52.04
3 0.775 3.139 1.380 3.134 52.21
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Table 6 Diffraction efficiency of MLDOEs with incident angle of 19.6°

No. E./uW Ei /uW E./puW E; /uW 7 /%
1 0.675 3.135 1.292 3.136 45.23
2 0.677 3.132 1.301 3.140 45.15
3 0.669 3.127 1.297 3.132 44.71
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Table 7 Diffraction efficiency of MLDOEs with incident angle of 22.4°

No. E,/uW E| /pW E,/pW E{ /uW 7 /%
1 0.496 3.136 1.010 3.138 36.91
2 0.510 3.128 1.013 3.129 37.83
3 0.511 3.132 1.014 3.135 37.89
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Table 8 Diffraction efficiency of MLDOESs with incident angle of 25°

No. E\/pW Ei /pW E,/pW Eq /pW /%
1 0.332 3.134 0.752 3.137 25.87
2 0.337 3.137 0.755 3.136 26.12
3 0.341 3.130 0.763 3.137 26.22
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Table 9 Diffraction efficiency of MLDOEs with incident angle of 30.6°

No. E./uW E| /uW E./puW E) /uW 7 /%
1 0.417 3.128 0.874 3.129 3.77
2 0.426 3.133 0.881 3.140 3.83
3 0.423 3.131 0.879 3.134 3.81
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Table 10 Contrast of measured and theoretical values of diffraction efficiency for MLDOEs

. . . Incident angle /(*)
Diffraction efficiency

0 14.4 16.9 19.6 22.4 25 30.6
Nibeo/ 6 100 95.02 90.07 81.12 66.55 47.50 4.25
/% 64.88 55.37 52.10 45.03 37.54 26.07 3.80
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Fig. 3 Theoretical curve and measured results fitting curve of the diffraction efficiency of MLDOEs
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