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Design of a Varied-Line-Space Plane Grating in EUV Spectrum
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Abstract To make varied—-line—space holographic grating which in applied in the extreme ultraviolet band (50~
150 nm), a new optimization algorithm applied to spherical wavefront system is proposed, named the improved local
optimization algorithm. According to the request of instruments, expected varied-line—space holographic grating
density function is built. Based on this density function, the merit function is given, of which characteristic is
transforming four merit functions to one merit function which has multivariate and nonlinear constrains. Using the
improved local algorithm, the error of groove density coefficient is reduced and the resolution of gratings is
improved due to the weighted, the diversity of the initial value, the limitation of the recording parameters values
range and the constraint of groove density coefficients. Compared with the conventional local optimization
algorithm, using the improved local optimization algorithm makes absolute error between design and expected
groove density in 0~0.02 line/mm range. And the order of magnitude is improved and the resolution increases from
4000 to above 17000. Results show that by adopting the suited optimization algorithm, varied—line—space plane
grating with a high resolution can be made in the spherical wavefront system.
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Fig. 1 Spherical wavefront recording system
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Table 1 Design parameters of the plane VLS grating

Parameters Value
Centre groove density /(line/mm) 600
Wavelength range /nm 50~150
Incident distance r /mm 19000
Incident angle o /(°) 87.5
Position of plane detector f/mm 1500
Resolution 12000
Grating area /mm’ 30%x10
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Table 2 Recording parameters of the plane VLS grating
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Parameters re /mm y /rad rp /mm o /rad
Value 1 1463.88 -1.544 1322.60 -0.825
Value 2 259.53 -1.427 1099.91 -0.811
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Table 3 Groove density coefficient of the plane VLS grating

Parameters no n; n, ns
Value 0 600 -0.7869 7.3982x10™ -5.969x1077
Value 1 600.0000 -0.7869 6.5573x10™ -3.8229x107
Value 2 600.0000 -0.7990 -5.4121x107° 6.2150x107
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Table 4 Groove density absolute error of the plane VLS grating

Parameters Any An, An, An;
Value-1 6.67x10™" 9.03x10™" 8.40x107° 2.14x107
Value—2 9.9182%x10°* 0.0121 7.9394%x10™* 5.0998x10°°
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Fig.2 Groove density curve of the plane VLS grating using improved local optimization algorithm. (a) Designed and expected groove
density curve of the plane VLS grating; (b) absolute and relative error curve of the plane VLS grating between designed and expected

groove density
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Fig.3 Groove density curve of the plane VLS grating using local optimization algorithm. (a) Designed and expected groove density curve
of the plane VLS grating; (b) absolute and relative error curve of the plane VLS grating between designed and expected groove density
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Table 5 Absolute and relative error between the plane VLS grating groove density coefficient

Parameters An, Ans An./n, Ans/n;
Value 1 8.40x107° 2.14x107 11.3% 35.9%
Value 2 7.9394x10™ 5.0998%10°° 107.3% 854.4%
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Fig.4 Calculated resolution of this spectrograph. (a) Calculated resolution of the plane VLS grating using improved local optimization

algorithm; (b) calculated resolution of the plane VLS grating using local optimization algorithm
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Fig.5 Schematic diagram of a spheric wavefront holographic recording system
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Fig.6 AFM picture of plane VLS grating
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Table 6 Design value and measure value of VLS grating groove density

Position /mm Design value /(line/mm) Measure value /(line/mm) Error /%

-12 609.54 609.29 0.04

-9 607.13 606.29 0.13

-6 604.74 604.58 0.02

-3 602.36 602.21 0.02

0 600.00 599.80 0.03

3 597.64 597.45 0.03
595.30 595.08 0.03

9 592.97 592.76 0.03

12 590.65 590.34 0.05

AR (9)2U LA S 4% 6 I B Hic 4l , R ] =k Z A5, SRAT O 22 2 2% 1 e Bk ik Xl
n,...=599.8272-0.7893y - 8.6078 X 10‘5y2 -1.2572% 107" (19)

MG (14)28 V& B AR 19)JQZQ%U?IJQ£ BOBE A 5 0 (8 20 A 2k DL R 8 (E 5 I R 22 0 A
2, K 7R S

FH P 7(b) T 1 20 2% 2 B S ST 5 00 B (AT A7 AE 0~0.35 line/mm (352 25 , 1 J2: R ok 28 A I 4 856 4 %1
L% B RO S UM E SRS BN BRTHE A ¢, B 510 kS 800 T AN i R G0 AH G, 76T 1f AR MR 4
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Fig.7 Groove density curve of the plane VLS grating .(a) Design and measure groove density curve of the plane VLS grating; (b)

absolute and relative error curve of the plane VLS grating between design and measure groove density
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