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The effect of primary aberration and high-order aberration, especially spherical aberration, on imaging of
expected.

flat-field holographic concave gratings is analyzed by using geometrical aberration theory. The difference between

because the effect of spherical aberration is much less than that of primary aberration. But in the case of narrow
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design results when spherical aberration is corrected or not is discussed through a specific design case. for situation of
wave-range grating, the effect of spherical aberration becomes significant because the defocus aberration is very

wide wave-range and narrow wave-range, respectively. Analysis is made through comparison of the spectral image
size and the geometrical aberration coefficients. It is discovered that, for wide wave-range grating, the image size is

—

determined mainly by primary aberration. Spherical aberration can be ignored during grating design procedure

small. The spherical aberration must be corrected in the design procedure when a much better imaging quality is
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Table 1 Design specifications for the flat-field holographic Table 2 Optimization grating parameters of the wide-
concave grating wave-range grating
Parameter Value Grating parameter SA corrected SA not corrected
Wavelength range /nm 350~850 ra/mm 88.496 88.537
Curvature radius /mm 96 a/ —4.770 —4.485
7y /mm 93.505 90. 526
Diffraction order +1 BU/(O) —23.395 —26. 759
Spectral length /mm 25 7/ 12.418 11. 624
8/ 20. 568 19. 403
Recording wavelength /mm 441.6 re/mm 123.169 122. 296
Grating diameter /mm 30 ry/mm 140. 638 140. 045
MG 2 Fr oA 45 21 B LA DG 258 35 J7 2531 100 - y
. o . . . L ——image width (SA corrected)
OB 2 e AT B RS S 6 ISR BE B LA TE R S R —o—image height (SA corrected)
i ML e ke BT NIRRT by i . s el e on | e image width (SA not corrected)
L 2 28 2 e B L AR 3 AR 1 B JEE 0 1 o £ ] o 80 B image height (SA not corrected)
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Fig. 2 Spectral image size of the wide wave-range grating
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Table 3 Aberration coefficients of the wide wave-range grating

A /nm Grating F,,/107° Fy/ ° Fy /107 F,/10°7 F,/10°¢ F,,/10° F,./10°®
- a —1. 898 —1.643 —0.918 —8.39%4 2.533 —1.692 —1.648
500 b —1. 466 —1.638 —0.734 —7.178 2.235 —1.531 —1.539

a 0. 054 0. 875 1.371 —6.973 3.383 2.409 —1.485

47 b 0. 296 —0.988 1. 348 —5.853 2.998 2.285 —1. 380
a 0.534 —0.011 2.222 —6.033 3.786 5.230 —1.322

600 b 0.734 —0. 257 2.083 —5. 066 3.348 4.760 —1.230
- a —0.125 0. 954 1. 868 —5.420 3.778 7.033 —1.153
e b 0. 157 0.559 1.705 —4.651 3.323 6.165 —1.080
. a —1.556 2.023 0.626 —4. 964 3.433 8. 181 —0. 969
820 b —1.101 1. 461 0.522 —4.431 2.997 6.865 —0.921
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Table 4 Optimization grating parameters of the narrow image width (SA corrected)
I grating | ; 5 q"’n —e—image height (SA corrected)

wave-range grating S == image width (SA not corrected)
- image height (SA not corrected)

Grating parameter SA corrected SA not corrected

£
74 /mm 87.612 86. 251 f
N
a/ —2.282 —1.086 o
&
r/mm 102. 759 104. 500 £
B/ () —17. 400 —19.075
7/ 5. 602 3,583
0 1 1 1 I L
8 /(" 13. 885 11. 691 650 660 670 680 690 700 710
Wavelength /nm
re/mm 115. 907 115.173
3 ';L' L | NS <
rs/mm 127.785 126. 436 M5 A BBOEHER R

Fig. 3 Image size of the narrow wave-
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Table 5 Aberration coefficients of the narrow wave-range grating

A /nm Grating F./107° Fo,/77? Fy /1077 F, /1077 F,/107% F,, /1077 F,,/107¢%

L_ a 0.097 —0. 844 0. 445 —0. 440 —0. 266 —10. 468 —1.802

390 b 0.048 —1.136 0. 350 0. 495 —2.145 —24.069 —2.753

a 0.095 —0.329 0. 264 —0. 364 —0.276 —9.929 —1.728

47 b 0.038 —0.593 0.129 0. 506 —2.159 —23.589 —2.677

a 0.077 —0. 047 0.070 —0.290 —0.290 —9.397 —1.653

600 b 0.012 0.188 —0.105 0.515 —2.178 —23.117 —2.599

a 0.043 0.708 —0.137 —0.217 —0. 309 —8.873 —1.579

72 b —0.030 0. 501 —0. 350 0.522 —2.201 —22.653 —2.522

~ —0. 006 1. 230 —0. 357 —0. 146 —0.332 —8. 357 —1.504

830 b —0.087 1.052 —0. 607 0.528 —2.227 —22.196 —2.444
4 4 i
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