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Fig 1 Diagram of new diffraction efficiency measurement method for concave grating
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Fig 4 Reducing spectrum diagram of muti-wavelength
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Table 1 Contrast of simulated and ideal diffraction efficiencies

/nm R/ % 7D/ % /%
620 79. 398 75. 101 75
625 82. 444 77. 994 78
630 84. 516 79. 949 80
640 80. 409 76. 070 76
645 76. 272 72. 148 72
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Fig 5 The influence between relative diffraction efficient error
and lateral shift error of moving cube corners
’o(A) = 1 fFFT[I/gl(x):l fFFT[I,rz(I)] _
7K k(8) fFFT[I/gZ(f)] fFFT[I/rl(?l')]
(0 Ma M. (14)
T M M,
’ MgerZ ‘
=l ——1 (15)
M, M,
1 €41 T €429 €417 €2 W max
; a1 as  g=o,
, B
MQ) = sinc(28°D/2) (16)
M QO
= 7 — 17)
¢ M, (O ¢
6 3
ﬁpl * Brl o 6 ’ ’
10// ,
10° %, 10",
x10
2.5
2204
% 15%
o 104
=
= 054
& 0]
10

10
0

5
ﬁg\(” )

Fig 6 The influence between relative diffraction efficient error

and tilt error of moving cube corners
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New Measuring Method of Diffraction Efficiency for Concave Grating
Based on Fourier Optics Principle
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Abstract Concave diffraction grating not only possesses the function of dispersion and focusing for the light beam at the same
time, but also has the advantages of aberration correction, low stray light, none ghost line existence and high signal-to-noise
ratio. It has been received extensive attention in the spectral instrument field. As one of the most important performance proper-
ties of concave diffraction grating, the measurement level of the diffraction efficiency for concave grating becomes one of the
most concerned topics in the spectral instrument industry. Double monochromatic structure is usually adopted to measure the dif-
fraction efficiency for concave grating in the traditional method, but it involves two major problems; the first one is the differ-
ences of output bandwidths during measuring standard mirror and the tested grating, and the second one is the overlapping of
diffracted spectra and scatter light in the instrument. Therefore, the traditional method which contains above problems influences
the measurement accuracy of diffraction efficiency for high performance concave grating. In this paper, a new measuring method
of diffraction efficiency based on Fourier Optics principle is proposed. The mathematical model of diffraction efficiency measure-
ment is firstly deduced and then verified with ray tracing and Fourier optics simulation. Aiming at reducing the influence of the
moving cube corner’s tilt error, lateral shift error, source instability and maximal moving distance error, we put forward to in-
troducing an assistant detector to collect data together with the main detector. The relative mathematical deduction and simula-
tion have been made under the condition of existence and non-existent of the assistant detector, the result shows that we can ef-
fectively control the influences of the above errors and can greatly increase the measurement accuracy of diffraction efficiency
when the assistant detector is introduced in the light path. Compared with the traditional double monochromatic structure, our
method not only solve the problem mentioned above, but also has the advantages of multi-wavelengths measurement in the same

time, high luminous flux, high spectral resolution, and high wave-number accuracy.
Keywords Concave grating; Diffraction efficiency; Output spectrum bandwidth; Fourier transform; Ray tracing
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