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Lg: the distance from the slit to the collimating mirror
L the distance from the collimating mirror to the grating
L, the distance from the grating to the focusing mirror
Ly the distance from the focusing mirror to the detector
6. the off-axis incident angle on the collimating mirror
6,: the off-axis incident angle on the focusing mirror

0,,: receiving angle of the detector

Symbol subscripts 1 and 2 represent spectrometer A
and spectrometer B respectively
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Fig. 1 Schematic diagram of a combined unfolded C-T configuration
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Fig. 3 Schematic of anode area in LaPMT (Hamamatsu H7260)
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Table 1 Basic parameters of system

Parameter Value Parameter Value
Center wavelength of spectrometer A/nm 370 Center wavelength of spectrometer B / nm 470
a,/(%) 12 a,/ (°) 5
B/ () 32.8 B/ () 30.7
R¢;/mm 300 R, /mm 300
Ry/mm 300 Ry, /mm 300
G,/mm ' 900 G,/mm ! 900

AR RGBT i AR BRSO A W) IR 2548 . R Zemax S 27 05 FLER 53 70 X5 P A 4] s 45 4 ek
T Y v ' Al N b 4 1 SR L R R A RAR o SRS A3 iR A MRS B S5 R AT O AR DL Ak R 2 DA
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AL G S B2 2 i o B AR T ARG 2 G045 k0 1 6 i A Jm 1
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Table 2 Parameters for the optimized structure

Parameter Value Parameter Value
Oc/ () 7 Oy / () 7
0/ (%) 13 O,/ () 14
O/ () 15 O/ (%) 17
Lee;/ mm 130.2 L,/ mm 128.4

Lei,/ mm 220 Lce,/ mm 240

Lip/ mm 121 L,/ mm 150

L/ mm 169 L,/ mm 170

v — 100 mm
(b) Spectrometer A

- _ 100 mm

Spectrometer B
(a) Whole system (c) Spectrometer B

B4 ARGt AEN
Fig. 4 Layout of the system
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Fig. 5 Reciprocal dispersion versus wavelength in Spectrometer A and Spectrometer B
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Fig. 6 Footprint diagram in single field
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Fig. 7 Relationship between RMS spot radius and wavelength in the tangential plane
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(b) Full-field footprint diagram of Spectrometer B
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Fig. 9 Schematic diagram of real system
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Fig. 10  Spectrum of low—pressure mercury lamp
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Optical Spectrometer Design of Combined Unfolded Czerny-Turner
Spectrometer Sharing One Common Linear—array Detector

GUO Pan', DENG Yanbao', WANG Lifu', CHEN Siying', TAN Wangshu', ZHANG
Yinchao', SUN Yuting', ZHANG Jiayi', YANG Wenhui’, CHEN He'
(1 MOE Key Laboratory of Optoelectronic Imaging Technology and System , School of Optics and Photonics, Beijing
Institute of Technology, Beijing 100081, China)
(2 State Key Laboratory of Pathogen and Biosecurity, Institute of Microbiology and Epidemiology, Academy of
Military Medical Sciences, Academy of Military Sciences, Beijing 100071, China)

Abstract: Czerny—Turner spectrometer has been found for widespread application in the detection of
Raman, fluorescence, and atmospheric remote sensing because of its simple structure and high resolution.
The conventional Czerny—Turner configuration also known as unfolded C—T spectrometer, consists of two
concave mirrors where the light path has no folded part. It can detect a wide range of light, so it is very
suitable for dual-band detection. Dual-band spectral detection is mostly used for dual-channel spectral
detection systems in the visible infrared band, dual-wavelength—excitation particle fluorescence
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spectrometer. However, for dual-band or multi-band detection, the spectrometer based on the Czerny-—
Turner structure often needs to be deformed, and the detector is always selected as area array detectors and
detectors even need more than one. It makes the structure of the system more complex and increases the
cost. Considering that linear array detectors are more beneficial than planar array detectors for the detection
of one-dimensional spectral information, and linear array photomultiplier tube has higher detection
efficiency for weak signals and has been verified for effectiveness in the dual-laser-induced fluorescence
detection system. We proposed a modified optical design of a combined unfolded Czerny—Turner
Spectrometer sharing one common linear—array detector. In the proposed design, the astigmatism of the
system is controlled by using divergent illumination on the grating without introducing any additional optical
elements, which is used for the correction of astigmatism in the Czerny—Turner spectrometer. By
considering the condition of sharing one detector and the astigmatism correction method of the illuminating
grating, the proposed design method of the system is provided, and the proposed design method of the
system is provided. Zemax is used for simulation and optimization of the proposed optical system model.
The spectrometer can detect two bands of light i.e., 280~460 nm and 380~560 nm. We have also
analyzed the reciprocal linear dispersion, which demonstrates that the reciprocal linear dispersion at the
central wavelength of two wavebands are 6.03 nm/mm, 6.10 nm/mm, respectively. That means the
proposed system satisfies the spectral resolution of 6 nm, and the spectral resolution difference of the two
spectrometers in a whole working band is less than 0.6 nm. Finally, the RMS spot size of the system is also
analyzed theoretically. In the first band (i.e., 280~460 nm) the maximum RMS spot is 67.1 pm at 280 nm,
while in the second band (i.e., 380~560 nm) the maximum RMS spot is 53.2 pm at 560 nm. The 80%
range of RMS spot radius is less than 50 pm in these two bands. In view of the design and simulation
results, the prototype model is developed and the experimental verification finished. Mercury lamp was
used for the optical inlet of spectrometer as a light source, and the experimental results were obtained by 32
linear array photomultiplier tube, the results demonstrate that the positions of several spectrum peaks
detected are consistent with the simulation. This proposed method extends the application of the system
structure with two light paths and one common linear detector in the elaborate and expensive designs,
which may be beneficial for the non-imaging design of dual-waveband spectral systems.

Key words: Optical design; Czerny-Turner spectrometer; Dual-band detection; Laser-induced
fluorescence ; Photomultiplier tube
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