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Off-axis scanning three-grating monochromator
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Abstract: In order to obtain wide-band and high-resolution monochromatic light, the wavelength of the
imaging spectrometer was calibrated, and a scanning monochromator was designed. The grating scanning
system was driven by worm and worm wheel mechanism, and an off-axis installation method was
designed to install the worm gear, thus solving the problem of the traditional installation method, such as
the decrease of the effective aperture of the grating, and the increase of the stray light. The
monochromator optics system used the horizontal Czerny-Turner structure. It used three gratings to
achieve 280-2 240 nm wide band output, which achieved the high diffraction efficiency and guaranteed
the spectral resolution in the whole wavelength range. The output wavelength and the motor step number
was non-linear in the process of worm gear scanning, so the monochromator system was calibrated by
different mathematical models. The final experiment and the measurement proved that the spectral

resolution of the monochromator was better than 0.1, 0.2, 0.4 nm at 280-560 nm, 560—-1 120 nm,
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1 120 -2 240 nm respectively. Simultaneously the wavelength repeatability reached to 0.094, 0.186,

0.372 nm, and the precision reached to 0.096, 0.191,

0.382 nm. The monochromator achieves the

design goals, and meets the requirements of the wavelength calibration of the imaging spectrometer.

Key words: grating monochromator;
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worm and worm wheel; spectral calibration
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Tab.1 Optical parameters of the three-grating

monochromator
Spectral range DIf Wavelength Precision
A/nm range A/nm dA/nm
280-560 <0.1
280-2 240 1/6 560—-1 120 <0.2
1120-2 240 <04

Xib A M 7 F2 M (sini+sin@)=mA R = ff1 5%
AT AR $e 45 23 1 SO0 o7 .

singp=— A 5 (1)
2dcos2—

A 8=i-0 A A BRSO L Z MK I i ; o=
(i+6)/2 R G 5% £ 5 m R AT S 9k s d R G
ZI R, A AR A0 ASHOE 5 AT 6 R A
& M I 5E A, WO A (D AT O 14 M iR A
6 _  m 2)
da 2dcosg—cosd)

A2 (2) T LR B 6 M 20 2% s, ol
DK 4 T Il BE R, B B G 43 B AR 40
] B 2% RS2 BR &5 14, A 280~560 nm ,560~1 120 nm |
1 120~2 240 nm =™ i Bt 73 1) i 5 21 2% 15 o 2400 |
1200600 gr/mm ) = B et

15 14 e 4 B B I YT R dI=30 wm, AT X A a] g B
560~1 120 nm , XJ 24 2 (2) 8 A B4 43 $E 4 dA=0.2 nm,
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Tab.2 Grating corner of each wavelength range

Grating goove density

Wavelength A/nm Corner 6/(°)

/gr-mm™'

280 19.948

2400
560 43.028
560 19.948

1200
1120 43.028
1120 19.948

600

2240 43.028

1.2 XZRFHEERIT
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T, B o] i BE 560~1 120 nm , AR 4 i A 2 R 8 1
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B2 M1 FI M2 A f /Lo A, 150 3k 5 22 T BR A0 A5 14

3
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Fig.1 Schematic of optical system
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Fig.2 Ray difference curves of optical system
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Fig.3 Spot diagram of optical system
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Fig.4 Spot diagram of optical system
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Fig.5 Scanning system of worm and worm wheel
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Fig.6 Schematic of worm and worm wheel on-axis compared

with off-axis
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Fig.7 Structure diagram of the three-grating monochromator
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ROCHERS A (AN 5 B ), Bea 2 T A0 IS e /Y
SASEHE TR E = HOB I Ae A B AR R S
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BIL4 T A4 AT i 53 20 i f AL A0 R B, DT AT i ST
R T REAE 3 28 5 HL AL A R B0 X R 6 &R

I A R e 8] 3 B b ) 1 40 B oA R AR B, A
A 300 S 0 BT P TR R 3% 8 b L S e R
2B A5 3 rb ] B BE 560~1 120 nm H | R AT RRAE
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Tab.3 Step number of stepper motor at different

wavelengths

Standard line Corner of the

Spectral order Step number

/nm grating/(°)
1 435.83 15.398 568 4922
1 546.07 19.432 518 6537
1 576.96 20.580 088 6995
1 579.07 20.658 785 7027
2 435.83 32.077 377 11 594
2 546.07 41.712 468 15 447
FRAE 148 A 7 e
sin(nxd@)= mA 5 (5)
2dcos >

A on AL FEH o S i LA 2D BT e 3 ik A
JBE AT LU Yt 5 s AT 51 40 7 SR B @ 40 iy
DA TN AL RO AR R SC &, P 8 1T IE 5% bR
B, =0 R 2 A e R A R Rk
Xt i U S R AL D R R AT U S SR R Tk £
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Fig.8 Curve of spectral calibration
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Tab.4 Wavelength error of spectral calibration

Standard line/nm  Fitting wavelength/nm  Wavelength error/nm

435.83 435.829 9 —-0.000 1
546.07 546.071 4 0.001 5
576.96 576.939 9 -0.020 1
579.07 579.088 6 0.0186
871.66 871.659 6 —0.000 4
1092.14 1092.138 6 —-0.001 4

X A bR KL 3 (6) 5K T 15 2
dA=(6.972x10""xn*~-2.648x10™"xn*+1.629x 10 xn+

0.066 34)xdn (7)

M dn=1 B, n B i K T X R A AL D
B, TSRS AR R A B AL A Y B K an &9
JIT 7 & A5 1 H AL B R K B S LA E Y
Xfbe 2, P BE AN W) A ) BDUE T E AR eR AR U
PE,BEAL B 9 AT UMb A AR R A O 2R
E[EES 3 e
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o
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Fig.9 Contrast curve of theoretical value and fitting value of

stepper motor single step scanning wavelength
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