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Xa = raC0Oa, ya = rasSMa, Table 2 System parametersfor convex master
xs = rsc0®s, ys = rssis (4) grating and replicated concave grating
xc = rcco®c, yc = resc, rc=1257mm,0c=23 ¢
Xp = rDcogD, Yo = rosSi®o rbo=146.1 mm,0p=28 &
AF P @, 1 : rA=803mm,Ba=-42
AF = Fi+ Foul + oot + Fu® | + Fool? + Fad® + Fat’| fe1 =92 8 mm,8e. =7 4°
) 3 , 3 5 3 r52:1134mm,952:16 1°
+ FiW 17 + Fozl” + FaoW™ + Fa00°| + R0 1 + Fig0 |
+ Fosl® + (5) .
0,0, Table 3 System parametersfor directly
I = J— Eds, recor ded concave grating
o) rc=121 5 mm,0c=22 0°
I Fo, Fao Foz ro=157. 4 mm,0p =32 O
, l20, lao loz rA=78 1mm,0a=-45%
« » re1 =94 9 mm,Bp =8 3
! ! re2 =111 9 mm,0s2 =18 &
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Design Method of Convex Master Gratingsfor Replicating Hat-Field
Concave Gratings

ZHOU Qian, LI Li-feng
State Key Laboratory of Precison Measurement Technology and Instruments, Tsinghua University , Beijing 100084, China

Abgract  Flat-field concave diff raction grating is the key device of a portable grating spectrometer with the advantage of integra-
ting disperson, focusng and flat-field in a single device. It directly determines the quality of a spectrometer. The most important
two performances determining the quality of the spectrometer are spectral image quality and diff raction efficiency. The diff raction
efficiency of a grating depends mainly on its groove shape. But it haslong been a problem to get a uniform predetermined groove
shape across the whole concave grating area, because the incident angle of theion beam is restricted by the curvature of the con-
cave substrate, and this severely limits the diff raction eficiency and restricts the application of concave gratings. the authors
present a two-step method for designing convex gratings, which are made holographically with two exposure point sources placed
behind a planc-convex transparent glass substrate, to solve this problem. The convex gratings are intended to be used as the
master gratingsfor making aberration-corrected flat-field concave gratings. To achieve high spectral image quality for the replica
ted concave gratings, the refraction effect at the planar back surface and the extra optical path lengths through the substrate
thickness experienced by the two divergent recording beams are consdered during optimization. This two-step method combines
the optical-pathrlength function method and the ZEMA X software to complete the optimization with a high success rate and high
eficiency. Inthefirst step, the optica-path-length function method is used without considering the ref raction effect to get an ap-
proximate optimization result. In the second step , the approximate result of thefirst step is used as theinitia valuefor ZEMA X
to complete the optimization including the refraction effect. An example of desgn problem was consdered. The smulation re-
sults of ZEMAX proved that the spectral image quality of a replicated concave grating is comparable with that of a directly recor-
ded concave grating.
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