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Abstract The need for developing miniature, portable and wide spectral covering spectrometers is urgent with the
increase of field analysis experiment. A miniature wide-waveband monochromator which is comprised of three
concave holographic gratings and two flat bedplates are designed based on the root-mean-square merit function. The
three concave gratings are fixed on the upper flat bedplate symmetrically which is rotated by a stepper motor to
switch the gratings and the other stepper motor is used to rotate the lower flat bedplate to realize the scanning
movement. The response wavelength ranges of the three gratings are 400~1000, 1000~1700 and 1700~ 2500 nm
with their corresponding theoretic resolution limit better than 2.5, 2.8 and 4. 0 nm respectively. Manufacture
errors, fixing errors and errors of the grating-switching flat bedplates are well analyzed for the three gratings. All
the results show that within the error bounds the monochromator’s spectral quality can satisfy the demands of the
outdoor infrared spectrum analysis very well.
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Fig. 1 Schematic diagram of monochromator
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Table 1 Curvature radii and recording parameters of the three concave holographic gratings

Amin ™ Amax /NN R /mm r¢/mm y /(" rp/mm o/
Grating 1 400~1000 63.53 87.45 39. 305 119.78 58.676
Grating 2 1000~1700 61.50 74. 20 40.953 104. 49 61.192
Grating3 1700~2500 60. 00 69. 27 40. 907 94. 05 61.120
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Fig. 3 Spot diagrams at different wavelengths for the three gratings. (a) Grating 1; (b) grating 2; (c¢) grating 3
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Table 2 Resolution limit of the three gratings

Grating 1

Grating 2

Grating 3

Wavelength /nm  Resolution limit /nm

Wavelength /nm  Resolution limit /nm

Wavelength /nm  Resolution limit /nm

400 2.18 1000
600 1. 87 1200
800 1. 86 1450
1000 2. 40 1700

2.78 1700 3.53
1.53 1900 2.59
1. 20 2250 0. 83
1.47 2500 3.92
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comprised of three gratings

0.08

4 REIT
4.1 EWMEEIRE

2 18 3 S PR AR o B b BE A8 OR U Y A BV
B R 2B E N 0. 1 mm, M R ZEBE N
+0. 002 rad, T OCHEE 2 BERBR th BUASOE BETE Y
77 [a] B 2 07 AR ke L S T A 0 A A B A R 2
XF gy (A ISZME o R SCERLCL7 ] AT 0, TV 2 [ g 4 5L
DG B 1 4 5% 22 T LAAH B i LR JLAE A UER
PE R 22 EAT 90 A
.(Ge¢+0.1, rp+0.1,y+0.002,6+0.002),
.(Gre+0.1, rp—0.1,y—0.002,5+0.002),
.Ge+0.1, 7p—0.1,y+0.002,6 —0.002),
.(re—0.1, rp—0.1,y—0.002,5§—0.002),
e.(re —0.1,7rp+0.1,y—0.002,6—0.002),
f.(re —0.1, rp,4+0.1,740.002,8 —0.002),
BT ZHOUM a2 m a6 B I E A LR
H bR i 4 A% 28 X = BB RE Y 52 i S8R B AR 2R
oL, v e 2H 158 28 X = ot 14 B8 1 52 e dic oK

a

-

o 0

0.15

——ideal @ — ideal ®) ~ideal ©
— -3 — 5 —-a
——Db ——p
—&—C ——c
006/ g 0.10f —~d
——e E
g —o—f E
\>~ )
S 0.04 s
0.05
7
0.02 — -
e ~¢
0 o= 0
0.4 0.6 0.8 1.0 1.0 1.2 14 1.6 1.8 2.0 2.2, 2.4
Wavelength /um Wavelength /um Wavelength /um

B 6 oS HORZEXEMHERER I . (0SBl 15 (WAl 25 ()6l 3
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Table 3 Effects of the recording parameters errors and structure errors of the grating-switching flat

bedplates on the resolution for three gratings

Grating 1

Grating 2

Grating 3

Wavelength /nm  Resolution limit /nm

Wavelength /nm  Resolution limit /nm

Wavelength /nm  Resolution limit /nm

400 1. 88 1000
600 2.18 1200
800 2.49 1450
1000 1. 55 1700

1. 85 1700 6.19
3.68 1900 5.78
4.22 2250 4. 67
2.95 2500 5.50
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