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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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Fig. 2 Using geometry of a single grating
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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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Fig. 4 Curves of root-mean-square of imaging faculae versus the wavelengths in all corresponding wavebands.

(a) Y direction; (b) Z direction
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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 2.78 1700 3.53
600 1. 87 1200 1.53 1900 2.59
800 1. 86 1450 1. 20 2250 0. 83
1000 2. 40 1700 1.47 2500 3.92
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Fig.5 Structure geometry of the monochromator

comprised of three gratings
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Fig. 6 Recording parameter errors’ effects on performance of gratings. (a) Grating 1; (b) grating 2; (¢) grating 3

1.2 VWEFEHEMRE

B 7 Bt el SUZ V- 5 S5 R 22 70 B (19 /R =
Bl s A DRy ASETh L, i B o SR ALY
gl L CHAB I L /L Co BZF B R G
ﬁ,iﬁﬁuam M, Fehig o2 5 B RS = A
G55 A B B gL My 47 8 B2 5 5
AT LA U S et 1 K SE 0o B AR
B.O: W18 iz 3l et 2 #5 SE B0l B, 2EAE N B O,
(158 oz 3l B 3 R ZElL.L o B 480 B.Os B9
Jiliz 3y . B A = BROCAE i TR AL i JRE 208 7 mm,
ERED =ML B MK 40 mm, L C o4
T HMBIRR « Cry, Z% HATRE 5B I T

Ca) Yl 15 (b JEHE 25 Co) et 3

WEE LD By ARAR{E N (— 0. 01 mm,0.01 mm) K
B By ji 5 Cr s ANE AR 1R 22 #4740 . Ot
LG 2 Fn e 3 TAER TS 5 o il ) 2 s 43
e OO/ O LB BATHIIEL S « Wi M
Sl /BOCy, /B O,C F1 /B OC it it
SRR, K A AR EO(E 43 B D 0. 0005 rad,
0. 0007 radFl 0, 3X i /N T G H A B 1 5% £, 9L
AT RLA R G 6 ) AR AL S i, Kk 2 5 o Bl
AWM. B ERTHOEE O SEA . EHEMAE
WZ& 2 Cry W A = MIB L OC R AT LR O
9 AL A5 (—18. 5470 mm, 0) .0, YA bR (16. 0622 mm,
9.2735 mm),O; YA HR (—16. 0622 mm, 9. 2735 mm) ,

0222003-5



2 i

B, O, E/‘J JE/Q TE %j 18. 5507 mm, B0, E]’:J JE/Q E y‘:’
18.5607 mm, f£ AC,B,O, .,
Bl()é: B1029 (8>

B, 0, B, C, 9)

sin/B,C,0,  sin/B,0,C,’
(Cl();)z - (Bl();)z + (Blcl)Z -
2(B,0)) (B,C))cos /0,B, C,. (10)

Bl 7 e OF & X e 2E b s BE
Fig. 7 Sketch map for the analysis of the

alignment error of monochromator-platform

B ~QOXEEHN =AENAEXRES
sk €0, = 18.5509 mm, [A| B, 0] LIk C,0) =
18.5608 mm, JIf Lk, O, i A8 b5k (— 18,5509 mm,
0), O} [ 46 47 Jy (— 18. 5608 mm,0) ,

AR ER, C SN iZE O HES . HE
GRARZEWF M B C, JAE O U577 0. 02 mm &b,
PLJEHE 1 SR B AT 2 B an & 8 o el 1 146 5]
B BB LTS A F Oy A eSO 25
L2 C, RN C O MBIEZED. 2 C, 0 ¥ 0
JERF, O JALTF O SR E M L R E &L T
Al I AAZE F A KR R O
TGt SR G A F 48 A BT it R ey &
AR AR T A SR B ) R AT 400, 40 B A O 5 R Of 45k
JE S S E AR R 20,y Bl Oy BRI R -
C, O, = 0.02 mm,AO, = 64 mm, BO, = 64 mm,

L AO B =12°, 5 ACxas ya) ME Blxys yu) TEEHS
AEFR R 20,y HI AL AR A (63, 6494 mm, 6. 6869 mm)
F1(— 63. 6494 mm,6. 6869 mm) .2 0,0, EEEH s,
W s = 2C, Oysin(0/2) B A 5 BAE 2,00y HH
HEAR N (ear s yan) Ao sy ) o FHABBRAS 45 T
xa = x,c08 0— yusin 0 —ssin(0/2), (11)
yar = yacos O+ x,sin 0+ scos(9/2). (12)

B8 O M5 C SAEAN e %shiRzErE R
Fig. 8 Sketch map of grating rotation with errors

brought by the departure of C, from O,

KO & RA QD AW, BI A5 5] 2,
ya WS 0 15EFR Horh 0 aT i (2) 20K i[RI wT L)
jztﬂﬂﬁ%?” Xp1 s VBl Eﬁfﬁ'ﬁ 0 EVJ?Q/% o?j_:‘éléj:/‘ﬁg\floll Vi
L, A0S & BN o = arctan(ya /xa) »BO' 5
o WA p = arctanCyp /s ) s ACHE e A
2Ki = an =B R 3] o FhEe A 00 = (a0 +
B/ 2 BT R AR A PRAL 0 5 0, WEHIZ/NT
O A S BE . W AN 05 0, /ARSI PR
KA LT LA Z0g . 85 4.1 Frpid 38R 22 e 4
AR AT A ) I A7 AR DG IE S 12 22 FOBUZ P 5 25 0 1%
ZEWPOEME 1 e D PR AE B - B R 5k 3 4 2
FUFT7R o R AT A A7 A2 R 22 I 6l 2 F1OEHE 3 1Y
PR ISR 3 5 4 BRI 6 B FTR

3 IO S BR 2 FUBZ T & 45 k15 25 X G H 43 B AR B 115 R

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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